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(11), a first male thread (14), a second shoulder
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thread (27). Supposing that the distance between the
surfaces of the pin (10) is represented as Lpin and the
distance between the shoulder surfaces of the box
(20) is represented as Lwox, and the interface Oshid iS
defined by Equation (1) given below, then, the
threaded joint is constructed such that Equations (2)
and (3) given below are satisfied. In Equations (2) and
(3), P is the thread pitch of the first male thread (14),
Amin and Amax are the lower and upper limits,
respectively, for the difference between the numbers
of the tightening rotations, and A is the elongation of
the portion of the pin (10) located closer to the tip than
the second shoulder surface (18) is. [Formula 1]

Oshid = Lbox - Lpin (1 )
P X Amin+ A < Oshid < P X Amax+ A (2)
Amin= -9/100, Amax = 3/100 3)
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THREADED JOINT FOR STEEL PIPE

TECHNICAL FIELD
The present disclosure relates to a threaded joint used for connecting

steel pipes.

BACKGROUND ART

In oil wells, natural gas wells etc. (hereinafter collectively referred
to as "oil wells"), o0il country tubular goods such as casing and tubing are
used to produce underground resources. Qil country tubular goods are
series of steel pipes which are connected together, and these steel pipes are
connected by threaded joints.

Such threaded joints for steel pipe are generally categorized as
coupling-type and integral-type. A coupling-type joint connects a pair of
pipes, where one of the pipes is a steel pipe and the other pipe is a coupling.
In this case, a male thread is provided on the outer periphery of both ends of
the steel pipe, while a female thread is provided on the inner periphery of
both ends of the coupling. Then, the male thread of the steel pipe is screwed
into the female thread of the coupling such that they are fastened together
and connected. An integral-type joint connects a pair of pipes that are both
steel pipes, and does not use a separate coupling. In this case, a male
thread is provided on the outer periphery of one end of a steel pipe, while a
female thread is provided on the inner periphery of the other end thereof.
Then, the male thread of one steel pipe is screwed into the female thread of
another steel pipe such that they are fastened together and connected.

Generally, an end portion of a pipe that includes a male thread and
serves as a joint portion is referred to as pin, since it includes an element to
be inserted into the female thread. On the other hand, an end portion of a
pipe that includes a female thread and serves as a joint portion is referred to
as box, since it includes an element that receives the male thread. Since the
pin and box are end portions of a pipe, they are tubular in shape.

FIG. 1 is a vertical cross-sectional view of an example of a typical

conventional threaded joint for steel pipe. The threaded joint shown in FIG.
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1 is a coupling-type threaded joint and includes a pin 110 and a box 120.

The pin 110 includes, beginning with its tip toward its base, a
shoulder surface 111, a sealing surface 113 and a male thread 114. The box
120 includes, beginning with its base toward its tip, a shoulder surface 121, a
sealing surface 123 and a female thread 124. The shoulder surface 121,
sealing surface 123 and female thread 124 of the box 120 are provided so as
to correspond to the shoulder surface 111, sealing surface 113 and male
thread 114 of the pin 110. The male thread 114 of the pin 110 and the
female thread 124 of the box 120 engage each other, and the threaded
portions having these threads are trapezoidal threads constituted by taper
threads.

The male thread 114 and female thread 124 allow screw-in to each
other, and are in tight contact by fitting together upon fastening, thereby
achieving an interference fit. As the pin 110 is screwed in, the sealing
surfaces 113 and 123 come into contact, are in close contact by fitting
together upon fastening, thereby achieving an interference fit. Thus, the
sealing surfaces 113 and 123 form a seal portion by metal-to-metal contact.
As the pin 110 is screwed in, the shoulder surfaces 111 and 121 come into
contact and are pressed against each other, and thus serve as stoppers for
limiting the screw-in of the pin 110. Upon fastening, the shoulder surfaces
111 and 121 serve to apply a so-called thread-tightening axial force to the
load flank of the male thread 114 of the pin 110.

In a threaded joint with this construction, in addition to the close
contact by fitting together between the male thread 114 and female thread
124, the close contact by fitting together between the sealing surfaces 113
and 123 ensure sealing performance.

In recent years, land and offshore wells have become deeper and
deeper, which means that oil-well environments have become harsher and
harsher with higher temperatures and higher pressures as well as higher
corrosion levels. To address such harsh environments, the oil country
tubular goods used are often heavy wall steel pipes. A threaded joint for
connecting such steel pipes is required to have good sealing performance




10

15

20

25

30

35

18698

against an internal pressure and an external pressure.

Conventional techniques for improving the sealing performance of a

threaded joint include the following.

FIG. 2 is a vertical cross-sectional view of an example of a
conventional threaded joint for steel pipe designed to improve the sealing
performance. The threaded joint shown in FIG. 2 includes two seal portions
with metal-to-metal contact. Further, shoulder surfaces are provided near
the middle of the threaded joint as determined along the pipe-axis direction
(see, for example, U.S. Patent No. 4,662,659).

More specifically, as shown in FIG. 2, the pin 210 includes, beginning
with its tip toward its base, a first sealing surface 213, a first male thread
214, a shoulder surface 211, a second sealing surface 216 and a second male
thread 217. The box 220 includes, beginning with its base toward its tip, a
first sealing surface 223, a first female thread 224, a shoulder surface 221, a
second sealing surface 226 and a second female thread 227. The first
threaded portion composed of the first male and female threads 214 and 224
and the second threaded portion composed of the second male and female
threads 217 and 227 are trapezoidal threads constituted by taper threads.

The taper surface defined by the first threaded portion is closer to the
pipe axis CL than the taper surface defined by the second threaded portion
because shoulder surfaces 211 and 221 are provided between the first and

second threaded portions.

The first male and female threads 214 and 224 allow screw-in to each
other, and are in close contact by fitting together upon fastening, thereby
achieving an interference fit. The second male and female threads 217 and
227 also achieve an interference fit. As the pin 210 is screwed in, the first
sealing surfaces 213 and 223 come into contact and the second sealing
surfaces 216 and 226 come into contact, and the first sealing surfaces 213
and 223 and the second sealing surfaces 216 and 226 are in close contact by
fitting together each other upon fastening, thereby achieving an interference
fit. As the pin 210 is screwed in, the shoulder surfaces 211 and 221 come
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into contact and are pressed against each other.

In a threaded joint with this construction, the close contact by
interference fit between the first sealing surfaces 213 and 223 ensures
sealing performance mainly against an internal pressure. Further, the
close contact by interference fit between the second sealing surfaces 216 and
226 ensures sealing performance mainly against an external pressure.

DISCLOSURE OF THE INVENTION

In the threaded joint shown in FIG. 2, upon fastening, the shoulder
surface 211 of the pin 210 and the shoulder surface 221 of the box 220 are in
contact with each other. The tip of the pin 210 does not contact the box 220
even after completion of fastening. Unfortunately, if there is a gap between
the tip of the pin 210 and the box 220 upon fastening, crevice corrosion is

likely to occur.

An object of the present disclosure is to provide a threaded joint for
steel pipe that ensures good scaling performance and reduces crevice

COTTOS1on.

A threaded joint for steel pipe according to the present disclosure
includes a tubular pin and a tubular box. The pin and the box are fastened
together as the pin is screwed into the box. The pin includes, in order from
its tip, a first shoulder surface, a first sealing surface, a first male thread
constituted by a taper thread, a second shoulder surface, a second sealing
surface and a second male thread constituted by a taper thread. The box
includes a first shoulder surface, a first sealing surface, a first female thread
constituted by a taper thread, a second shoulder surface, a second sealing
surface and a second female thread constituted by a taper thread
corresponding to the first shoulder surface, first sealing surface, first male
thread, second shoulder surface, second sealing surface and second male
thread of the pin. The pin includes a nose located between the first
shoulder surface and the first sealing surface and contiguous to the first
sealing surface. The pin includes an unthreaded extension located between
the second shoulder surface and the second sealing surface and contiguous to

the second sealing surface. The box includes a recess corresponding to the
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nose of the pin. The box includes an unthreaded extension corresponding to
the unthreaded extension of the pin. Upon fastening, the first shoulder
surfaces come into contact, the first sealing surfaces come into contact, the
second sealing surfaces come into contact, a gap is formed between the nose
of the pin and the recess of the box, a gap is formed between the unthreaded
extension of the pin and the unthreaded extension of the box, the first male
thread and the first female thread engage each other, and the second male
thread and the second female thread engage each other. Supposing that the
distance, as measured in a pipe-axis direction, between the first and second
shoulder surfaces of the pin before fastening is represented as Lpin, the
distance, as measured in the pipe-axis direction, between the first and
second shoulder surfaces of the box before fastening is represented as Liox,
and the interference Oshig between the second shoulder surface of the pin and
the second shoulder surface of the box is defined by Equation (1) given below,
then, Equations (2) and (3) given below are satisfied.

[Formula 1]
Sshid = Lpox —L pin L
PxApin+ AL S0 SPx Aoy +4 (2)

Apin =—9/100, Ay qx =3/100 3)

Here, P is the thread pitch of the first male thread, Amin is the lower
limit of the number of tightening rotations after the first shoulder surfaces
come into contact or the second shoulder surfaces come into contact during
fastening, Amax 1s the upper limit of the number of tightening rotations, and A
1s the elongation of the portion of the pin located closer to the tip than the

second shoulder surface is during fastening.

- Supposing that the inner diameter of the pin is represented as ID,
the innermost diameter of the second shoulder surface of the pin is
represented as Dms, the outermost diameter of the first shoulder surface of
the pin is represented as Dis, and the interference between the first male and
female threads 1s represented as 8w, then, A is represented by Equations (4)
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and (5) given below.

[Formula 2}

Dyt = (Dm.s' +Dis)/ 2 4)
(Dint +1D)
oy e ©

The threaded joint for steel pipe according to the present disclosure

ensures good sealing performance and reduces crevice corrosion.

BRIEF DESCRIPTION OF THE DRAWINGS

[FIG. 1] FIG. 1 is a vertical cross-sectional view of an example of a
typical conventional threaded joint for steel pipe.

[FIG. 2] FIG. 2 is a vertical cross-sectional view of an example of a
conventional threaded joint for steel pipe with improved sealing
performance.

[FIG. 3] FIG. 3 is a schematic vertical cross-sectional view of a pin
and a box used for devising the threaded joint for steel pipe according to an
embodiment.

[F1G. 4] FIG. 4 shows a simplified model of the pin and box shown in
FIG. 3.

[FIG. 5] FIG: 5 is a graph showing the relationship between the
difference A in the number of tightening rotations and the interference 8sna
between the intermediate shoulders.

[FIG. 6] FIG. 6 is a vertical cross-sectional view of a threaded joint for
steel pipe according to the embodiment.

[FIG. 7] FIG. 7 is an enlarged vertical cross-sectional view of a
portion of the threaded joint of FIG. 6 located near the interior end as
determined along the pip-axis direction.

[FIG. 8] FIG. 8 is an enlarged vertical cross-sectional view of a
portion of the threaded joint of FIG. 6 located near the middle as determined
along the pipe-axis direction.

[FIG. 9] FIG. 9 is a simplified vertical cross-sectional view of the pin
and box of the threaded joint shown in FIG. 6.
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EMBODIMENTS FOR CARRYING OUT THE INVENTION

A threaded joint having shoulder surfaces located near the middle as
determined along the pipe-axis direction is typically constructed such that
the tip of the pin does not contact the box upon fastening, because control of
the position at the completion of fastening would be difficult if the shoulder
surfaces were to contact each other and the tip of the pin were to contact the

box upon fastening.

Unfortunately, if there is a gap between the tip of the pin and the box
upon fastening, crevice corrosion is likely to occur. In view of this, the
present inventors attempted to make a threaded joint having shoulder
surfaces at the interior end as determined along the pipe-axis direction in
addition to those near the middle as determined along the pipe-axis direction.
A shoulder surfaces at the interior end determined along the pipe-axis
direction will be hereinafter referred to as interior shoulder surface or first
shoulder surface, and a shoulder surface near the middle as determined
along the pipe-axis direction as intermediate shoulder surface or second

shoulder surface.

If each of the pin and box includes an interior shoulder surface and
an intermediate shoulder surface, it is preferable that the contact between
the interior shoulder surfaces and the contact between the intermediate
shoulder surfaces begin simultaneously during fastening in order to avoid
application of an excessive contact pressure on each shoulder surface. In
reality, however, due to fabrication tolerances and other factors, it is difficult
to cause the interior shoulder surfaces to begin to be in contact with each
other at the same time as the intermediate shoulder surfaces begin to be in
contact with each other. In some cases, upon completion of fastening, either
the interior shoulder surfaces or the intermediate shoulder surfaces are in

contact with each other.

The timing of the contact between the interior shoulder surfaces and
that for the intermediate shoulder surfaces will be described below.

In the pin, a frst male thread is provided between the interior
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shoulder surface and intermediate shoulder surface, and a second male
thread is provided closer to the base than the intermediate shoulder surface.
In the box, first and second female threads are provided to correspond to the
first and second male threads. When the pin and box are fastened together,
the portions of the pin located closer to the tip than the intermediate
shoulder surface reduce in diameter due to the interference fitting of the first

male and female threads to be elongated in the pipe-axis direction.

In the pin and box before fastening, the distances between the
interior shoulder surfaces and the associated intermediate shoulder surfaces
as measured in the pipe-axis direction are represented as Lpin [mm] and Lpox
[mm], respectively, and the intermediate shoulder interference Gsma [mm] is

defined as Lpox minus Lpin.

If Ssnia is larger than the elongation of the pin, during fastening, the
intermediate shoulder surfaces come into contact before the interior shoulder
surfaces come into contact. If Gsng 1s too large, the intermediate shoulder
surfaces and threads yield and plastically deform before the interior
shoulder surfaces come into contact, which reduces sealing performance.

The position at the completion of fastening is controlled based on the
relationship between the generated torque and the number of tightening
rotations (i.e. torque chart). An appropriate torque chart cannot not be
obtained if Gsna is too large and thus plastic deformation of the intermediate
shoulder surfaces and/or threads occurs before the interior shoulder surfaces
begin to be in contact with each other during fastening. In this case, the
position at the completion of fastening cannot be decided.

If Sshia is too large, the interior shoulder surfaces may not contact
each other even when the joint is tightened until plastic deformation occurs
in the intermediate shoulder surfaces and/or threads. In this case, a gap 1s
formed between the tip of the pin and the box, as is the case with
conventional threaded joints, which means that crevice corrosion can easily

occur.

If 6sn1q is smaller than the elongation of the pin, during fastening, the
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interior shoulder surfaces come into contact before the intermediate shoulder
surfaces come into contact. In this case, the tip of the pin is certain to
contact the box, which means that the above-discussed problem of crevice
corrosion does not occur. However, if 8snd is too small, the interior shoulder
surfaces and/or threads yield and plastically deform before the intermediate
shoulder surfaces come into contact, which decreases sealing performance.
Further, if plastic deformation occurs in the interior shoulder surfaces and
threads, an appropriate torque chart cannot be obtained, which means that

the position at the completion of fastening cannot be decided.

The present inventors considered these problems and attempted to
find the appropriate range of the intermediate shoulder interference Sshiq.

FIG. 3 is a schematic vertical cross-sectional view of the pin and box
used for this attempt. FIG. 3 shows the pin and box before fastening. In
the pin shown in FIG. 3, ID is the inner diameter of the pipe [mm], Dus is the
innermost diameter of the intermediate shoulder surface [mm], and Dis is the

outermost diameter of the interior shoulder surface [mm).

FIG. 4 shows a simplified model of the pin and box shown in FIG. 3.
In FIG. 4, the pin portion of the simplified model is represented by a stepped
cylinder composed of a small-diameter portion and a large-diameter portion.
The small-diameter portion corresponds to the portion of the pin which is
located closer to the tip than the intermediate shoulder surface and on which
the first male thread is provided. The outer diameter Din: [mm] of the

small-diameter portion is defined by the following equation, Equation (4):

{Formula 3]

Dyt = (Dms + D )/ 2 4

Supposing that the interference fitting with the interference &
between the first male thread of the pin and the first female thread of the
box causes the small-diameter portion to be elongated by A [mm] in the

pipe-axis direction during fastening, then, Equations (6) to (8) are
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established, where V is the volume [mm?] of the small-diameter portion
before deformation and V' is the volume [mm?] thereof after deformation and
it is supposed that the volume and wall thickness remain the same before
and after deformation.

[Formula 4]

3 k3
V:Z(Di‘:‘lt —ID? L i =Z(Dim ~ID|D,  +IDJL 6)
7 T
V= z((Dim — 8% —(ID—-6,)" XL pin +A)= Z(Jz)im ~ID|D,,, +ID 25, XLpi,, A )
v=v ®

Equations (6) to (8) give the elongation A expressed by the following
equation, Equation (5):

[Formula 5}

[ Owtm) ),
*“{(Dim +ID—25,) | )

If the elongation A of the pin is equal to the intermediate shoulder
interference :nq, then, during the process of fastening of the pin and box, the
intermediate shoulder surfaces begin to be in contact with each other at the
same time as the intermediate shoulder surfaces begin to be in contact with
each other. If\islarger than 8snd, then, during the process of fastening, the
interior shoulder surfaces come into contact before the intermediate shoulder
surfaces come into contact. If A is smaller than 6snd, then, during the
process of fastening, the intermediate shoulder surfaces come into contact

before the interior shoulder surfaces come into contact.

As discussed above, if A#08sn1a, the time point at which the interior
shoulder surfaces come into contact is different from the time point at which
the intermediate shoulder surfaces come into contact. The number of
tightening rotations between the point at which one pair of shoulder surfaces

10
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come 1nto contact and the point at which the other pair of shoulder surfaces
come into contact, i.e. the difference A [rotations] between the number of
tightening rotations from the beginning of fastening until one pair of
shoulder surfaces come into contact and the number of tightening rotations
from the beginning of fastening until the other pair of shoulder surfaces

come into contact, is represented by the following equation, Equation (9):

[Formula 6]

Sepia — A
P

A= 9

, where P is the thread pitch [mm] of the first male thread.

In Equation (9), if A is positive, the intermediate shoulder surfaces
come into contact first; if A 1s negative, the interior shoulder surfaces come

into contact first.

The lower and upper limits of the number of tightening rotations to
exhibit sufficient sealing performance will be represented as Amin and Amax,
respectively. Then, to ensure good sealing performance, after one pair of
shoulder surfaces come into contact, fastening must be completed by a
number of tightening rotations that is not smaller than Amnin and not larger
than Amax. That is, the difference A between the numbers of tightening

rotations must meet following equation, Equation (10):

[Formula 7}

Apin S A< Amax (10)

FIG. 5 i1s a graph showing the relationship between the difference A
between the numbers of tightening rotations represented by Equation (9),
and the intermediate shoulder interference 8sma. If A meets Equation (10),
Bshia is in the hatched sections in FIG. 5. The present inventors did
extensive research and found the preferred values of Amin and Agax and the
appropriate range of Oshid, and arrived at the arrangement of the threaded

joint for steel pipe according to the embodiment.

11
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The threaded joint for steel pipe according to the embodiment
includes a tubular pin and a tubular box. The pin and the box are fastened
together as the pin is screwed into the box. The pin includes, in order from
its tip, a first shoulder surface, a first sealing surface, a first male thread
constituted by a taper thread, a second shoulder surface, a second sealing
surface and a second male thread constituted by a taper thread. The box
includes a first shoulder surface, a first sealing surface, a first female thread
constituted by a taper thread, a second shoulder surface, a second sealing
surface and a second female thread constituted by a taper thread
corresponding to the first shoulder surface, first sealing surface, first male
thread, second shoulder surface, second sealing surface and second male
thread of the pin. The pin includes a nose located between the first
shoulder surface and the first sealing surface and contiguous to the first
sealing surface. The pin includes an unthreaded extension located between
the second shoulder surface and the second sealing surface and contiguous to
the second sealing surface. The box includes a recess corresponding to the
nose of the pin. The box includes an unthreaded extension corresponding to
the unthreaded extension of the pin. Upon fastening, the first shoulder
surfaces come into contact, the first sealing surfaces come into contact, the
second sealing surfaces come into contact, a gap is formed between the nose
of the pin and the recess of the box, a gap is formed between the unthreaded
extension of the pin and the unthreaded extension of the box, the first male
thread and the first female thread engage each other, and the second male
thread and the second female thread engage each other. Supposing that the
distance, as measured in a pipe-axis direction, between the first and second
shoulder surfaces of the pin before fastening is represented as Lpin, the
distance, as measured in the pipe-axis direction, between the first and
second shoulder surfaces of the box before fastening 1s represented as Liox,
and the interference 8sng between the second shoulder surface of the pin and
the second shoulder surface of the box is defined by Equation (1) given below,

then, Equations (2} and (3) given below are satisfied.

[Formula 8]

12
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Ishid = Lbox = Lpin @)
PXAmin +’1553hld SPXAmax-i-;t (2)
A =—97/100, Ay =3/100 3)

Here, P is the thread pitch of the first male thread, Amin is the lower
limit of the number of tightening rotations after the first shoulder surfaces
come into contact or the second shoulder surfaces come into contact during
fastening, Amax 18 the upper limit of the number of tightening rotations, and A
1s the elongation of the portion of the pin located closer to the tip than the
second shoulder surface 1s during fasteming.

Supposing that the inner diameter of the pin is represented as ID,
the innermost diameter of the second shoulder surface of the pin 1s
represented as Dms, the outermost diameter of the first shoulder surface of
the pin is represented as Dijs, and the interference between the first male and
female threads is represented as S, then, A is represented by Equations (4)

and (5) given below.

[Formula 9}
D'mt = (Dm.s' +Dr's )/2 (4)
(D int + ID )
A= =1L ; 5
{(Dint + 1D -26y, ) P ©

In a threaded joint that satisfies Equations (2) and (3), even if the
second shoulder surfaces come into contact first, the first shoulder surfaces
come into contact by a number of tightening rotations not smaller than Amin
and not larger than Amax after the second shoulder surfaces come into contact,
thereby completing fastening. This will ensure good sealing performance
and prevent formation of a gap between the tip of the pin and the box,
thereby reducing crevice corrosion facilitated by this gap.

13
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If the intermediate shoulder interference Ssnia 1s set to a value that
satisfies Equations (2) and (3), during the process of fastening, the time point
at which the first shoulder surfaces come into contact is not significantly
different from the time point at which the second shoulder surfaces come into
contact. This will prevent excessive plastic deformation in the shoulder
surfaces that have begun to come into contact first, thereby ensuring good
sealing performance.

Even if the first shoulder surfaces are in contact with each other and
the second shoulder surfaces are not in contact with each other upon
completion of fastening, no large gap is formed between the second shoulder
surfaces if the intermediate shoulder interference Ssniq is set to a value that
satisfies Equations (2) and (3). Thus, if an excessive compression load is
applied, the second shoulder surfaces also contact each other, thereby
reducing decrease in compression resistance and decrease in sealing

performance.

Embodiments will now be described in more detail with reference to
the drawings. The same or corresponding components in the drawings are
labeled with the same reference characters, and their description will not be
repeated. For convenience of explanation, in the drawings, components
may be shown in a simplified or schematic manner or some components may

not be shown.

[Construction of Threaded Joint for Steel Pipe]

FIG. 6 is a vertical cross-sectional view of a threaded joint for steel
pipe according to an embodiment. The threaded joint i1s a coupling-type
threaded joint and is composed of a pin 10 and a box 20. FIG. 7 is an
enlarged vertical cross-sectional view of the portion of the threaded joint of
FIG. 6 located near the tip of the pin 10. FIG. 8 is an enlarged vertical
cross-sectional view of the portion of the threaded joint of FIG. 6 located near
the middle as determined along the pipe-axis direction. As determined
along the pipe-axis direction, the direction toward the tip of the pin 10 and
the direction toward the base of the box 20 may be hereinafter referred to as
"toward the interior" or "forward", and the direction toward the base of the
pin 10 and the direction toward the tip of the box 20 as "toward the exterior”

14
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or "rearward".

The pin 10 includes, beginning with its tip toward its base, a first
shoulder surface 11, a nose 12, a first sealing surface 13, a first male thread
14, a second shoulder surface 18, a first unthreaded extension 15a, a second
sealing surface 16, a second unthreaded extension 15b, and a second male
thread 17. The first and second sealing surfaces 13 and 16 are tapered in
shape. More exactly, each of the first and second sealing surfaces 13 and 16
has the shape of a face corresponding to the periphery of a truncated cone
decreasing in diameter toward the tip, or the shape obtained by combining
the periphery of such a truncated cone and a face corresponding to the
periphery of a solid of revolution obtained by rotating a curve such as an arc
about the pipe axis CL.

The nose 12 is cylindrical in shape, and is contiguous to the first
sealing surface 13 located toward the interior and extends in the pipe-axis
direction. The outer periphery of the nose 12 may be a tapered surface with
a slope equal to that of the tapering of the first sealing surface 13 or a
smaller (i.e. gentle) or larger (i.e. steep) slope. If the outer periphery of the
nose 12 is a tapered surface, this outer periphery has, more exactly, the
shape of a face corresponding to the periphery of a truncated cone decreasing
in diameter toward the tip, or the shape obtained by combining the periphery
of such a truncated cone and a face corresponding to the periphery of a sohd
of revolution obtained by rotating a curve such as an arc about the pipe axis
CL.

The first shoulder surface 11 is provided on the tip of the nose 12.
The first shoulder surface 11 is a toroidal surface that is substantially
perpendicular to the pipe axis CLl.. More exactly, the first shoulder surface
11 is slightly inclined such that its outer periphery is closer to the tip of the
pin 10.

The second shoulder surface 18 is located between the first male
thread 14 located toward the interior and the first unthreaded extension 15a.
The second shoulder surface 18 is contiguous to the first unthreaded

extension 15a. In the present embodiment, the second shoulder surface 18

15
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is a toroidal surface perpendicular to the pipe axis CL. Alternatively,
similar to the first shoulder surface 11 on the tip of the pin 10, the second
shoulder surface 18 may be slightly inclined such that its outer periphery is
closer to the tip of the pin 10.

The first unthreaded extension 15a is forwardly contiguous to the
second sealing surface 16 located toward the exterior and extends in the
pipe-axis direction. The first male thread 14 located toward the interior is
contiguous to the first unthreaded extension 15a. The second unthreaded
extension 15b is rearwardly contiguous to the second sealing surface 16
located toward the exterior and extends in the pipe-axis direction. The
second male thread 17 located toward the exterior is contiguous to the second
unthreaded extension 15b. The outer periphery of the first unthreaded
extension 15a may have any shape that ensures sufficient stiffness, and may
be a cylindrical surface, for example, or have a tapering that is smaller (or
gentler) than the tapering of the threaded portion with the first thread 14, or
may be a curved surface. The same applies to the outer periphery of the

second unthreaded extension 15b.

The box 20 includes, beginning with its base toward its tip, a first
shoulder surface 21, a recess 22, a first sealing surface 23, a first female
thread 24, a second shoulder surface 28, a first unthreaded extension 25a, a
second sealing surface 26, a second unthreaded extension 25b, and a second
female thread 27. The first shoulder surface 21, recess 22, first sealing
surface 23, first female thread 24, second shoulder surface 28, first
unthreaded extension 25a, second sealing surface 26, second unthreaded
extension 25b and second female thread 27 of the box 20 are provided to
correspond to the first shoulder surface 11, nose 12, first sealing surface 13,
first male thread 14, second shoulder surface 18, first unthreaded extension
15a, second sealing surface 16, second unthreaded extension 15b and second
male thread 17 of the pin 10.

FIGS. 6 and 7 show an implementation where the first sealing
surface 23 of the box 20 protrudes toward the first sealing surface 13 of the
pin 10. Alternatively, the first sealing surface 23 of the box 20 may not

protrude. In such implementations, the first sealing surface 13 of the pin
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10 protrudes toward the first sealing surface 23 of the box 20.

The first male thread 14 of the pin 10 and the first female thread 24
of the box 20 are trapezoidal threads constituted by taper threads that
engage each other, and constitute the first threaded portion located toward
the interior. The second male thread 17 of the pin 10 and the second female
thread 27 of the box 20 are also trapezoidal threads constituted by taper
threads that engage each other, and constitute the second threaded portion

located toward the exterior.

The tapered surface defined by the first threaded portion is located
closer to the pipe axis CL than the taper surface of the second threaded
portion, because the second shoulder surfaces 18 and 28 are provided
between the first threaded portion (i.e. first male and female threads 14 and
24) and the second threaded portion (i.e. second male and female threads 17
and 27). Thus, those portions of the pin 10 that have the first male thread
14 and first sealing surface 13 located toward the interior have small outer
diameters and these portions have small wall thicknesses. On the other
hand, those portions of the pin 10 that have the second sealing surface 16
and second male thread 17 located toward the exterior have large outer
diameters and these portions have large wall thicknesses.

The first male and female threads 14 and 24 allow screw-in to each
other, and are in close contact by fitting together upon fastening, thereby
achieving an interference fit. The second male and female threads 17 and

27 also achieve an interference fit.

As the pin 10 is screwed in, the first sealing surfaces 13 and 23 come
into contact and the second sealing surfaces 16 and 26 come into contact, are
in close contact by fitting together upon fastening, thereby achieving an
mterference fit. Thus, the first sealing surfaces 13 and 23 form a first seal
portion by metal-to-metal contact, and the second sealing surfaces 16 and 26
form a second seal portion by metal-to-metal contact.

Upon fastening, a gap is formed between the nose 12 of the pin 10
and the recess 22 of the box 20, a gap is formed between the first unthreaded
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extension 15a of the pin 10 and the first unthreaded extension 25a of the box
20, and a gap is formed between the second unthreaded extension 15b of the
pin 10 and the second unthreaded extension 25b of the box 20.

Upon fastening, the first shoulder surfaces 11 and 21 are pressed
against each other to come into contact. The press contact between the first
shoulder surfaces 11 and 21 apply a thread-tightening axial force mainly to
the load flank of the first male thread 14 of the pin 10. In some
implementations, the second shoulder surfaces 18 and 28 may contact each
other upon fastening; in other implementations, they may not contact each
other upon completion of fastening and may face each other with a gap left in
between. If the second shoulder surfaces 18 and 28 are in press contact, a
thread-tightening axial force is applied mainly to the load flank of the second
male thread 17 of the pin 10.

The arrangement for causing, upon fastening, the first shoulder
surfaces 11 and 21 to contact each other and the second shoulder surfaces 18
and 28 to contact each other or come sufficiently close to each other will be

described below.

FIG. 9 is a schematic vertical cross-sectional view of the pin 10 and
box 20 before fastening. As shown in FIG. 9, the distance, as measured in
the pipe-axis direction, between the first and second shoulder surfaces 11
and 18 of the pin 10 before fastening will be represented as Lypin [mm]. The
distance, as measured in the pipe-axis direction, between the first and
second shoulder surfaces 21 and 28 of the box 20 before fastening will be

represented as Lipox [mm].

The first shoulder surfaces 11 and 12 and the second shoulder
surfaces 18 and 28 are toroidal surfaces that cross the pipe-axis direction.
The first shoulder surfaces 11 and 21 and the second shoulder surfaces 18
and 28 may be perpendicular to the pipe axis CL, or may be angled relative
to a plane perpendicular to the pipe axis CL. Lyin 18 the distance between
the interior-most point of the first shoulder surface 11 and the interior-most
point of the second shoulder surface 18 as measured in the pipe-axis

direction as can be seen in a cross section, containing the pipe axis CL, of the
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pin 10 before fastening. Liox 1s the distance between the interior-most point
of the first shoulder surface 21 and the interior-most point of the second
shoulder surface 28 as measured in the pipe-axis direction as can be seen in
a cross section, containing the pipe axis CL, of the box 20 before fastening.

As shown in Equation (1) given below, the intermediate shoulder
interference Sshia [mm] is defined using Lpin and Lisox.  8shid is the interference
between the second shoulder surfaces 18 and 20 determined when the
deformation due to fastening is not taken into consideration.

[Formula 10]

Oshid = Lbox — I‘pz’n @

During an actual fastening, the interference fit of the first threaded
portion elongates the portion of the pin 10 that is located closer to the tip
than the second shoulder surface 18 by A Imm]. In view of this, the
positional relationship between the first shoulder surfaces 11 and 21 and the
second shoulder surface 18 and 28 must be determined taking account of the
elongation A of the pin 10. In the present embodiment, an intermediate
shoulder interference 8sniq is determined such that the following equations,
Equations (2) and (3) are satisfied.

[Formula 11]

PXAmhl_F’%S‘SshldSPXAmaX'E'A' (2)

Ay =—9/100, Ao =3/100 3)

Here, P is the thread pitch of the first male thread 14 (FIG. 6). Amin
and Amax are the lower and upper limits, respectively, of the difference
between the number of tightening rotations registered when one pair of the
first shoulder surfaces 11 and 21 and the second shoulder surfaces 18 and 28
come into contact and the number of tightening rotations registered when
the other pair of shoulder surfaces come into contact during the process of
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fastening. If the difference A between the numbers of tightening rotations
is not smaller than Amin and not larger than Amax defined in Equation (3), the
joint exhibits sufficient sealing performance.

The elongation A of the pin 10 can be calculated by the following
equations, Equations (4) and (5):

[Formula 12]

Dipt = (Dms +Djy )/2 4

pin
(Dint +1D-264)

e

In Equations (4) and (5), before fastening, the inner diameter of the
pin is represented as ID, the outer diameter of the first shoulder surface 11
as Dis, and the innermost diameter of the second shoulder surface 18 as Dys.
Ot 15 the interference of the first threaded portion.

Here, the interference 6w of the first threaded portion is the value
obtained by subtracting the thread crest diameter of the first female thread
24 as measured at that location in a cross section, containing the pipe axis
CL, of the box 20 before fastening which is located rearward from the
interior-most point of the first shoulder surface 21 by Lyin/2, from the thread
root diameter of the first male thread 14 at that location on a cross section,
containing the pipe axis CL, of the pin 10 before fastening which is located

rearward from the interior-most point of the first shoulder surface 11 by

Lpiu/ 2.

During the process of fastening, the first shoulder surfaces 11 and 21
may contact each other at the same time as the second shoulder surfaces 18
and 28, or one of these pairs may come into contact first. Preferably, the
second shoulder surfaces 18 and 28, which have greater areas, contact each
other earlier than, or at the same as, the first shoulder surfaces 11 and 21.
The second shoulder surfaces 18 and 28 may be caused to contact each other
with preference by setting the intermediate shoulder interference &sp1q to a
value equal to or larger than the elongation A of the pin 10. Alternatively,
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as discussed above, upon fastening, the second shoulder surfaces 18 and 28
may not contact each other and only the first shoulder surfaces 11 and 21
may contact each other.

[Effects]

In the threaded joint according to the present embodiment, first
shoulder surfaces 11 and 21 are provided on the interior end as determined
along the pipe-axis direction, while second shoulder surfaces 18 and 28 are
provided near the middle as determined along the pipe-axis direction.
According to the present embodiment, the intermediate shoulder
interference 8snia is set to a value that satisfies Equations (2) and (3) given
above. In this arrangement, even if the second shoulder surfaces 18 and 28
contact each other first, the first shoulder surfaces 11 and 21 can be brought
into contact with a number of subsequent tightening rotations that will not
decrease sealing performance, i.e. not smaller than Awin and not larger than
Amax, thereby completing fastening. This will ensure good sealing
performance and prevent a gap from being formed between the tip of the pin
10 and the box 20, thereby preventing crevice corrosion.

According to the present embodiment, the intermediate shoulder
interference Ssna is set to a value that satisfies Equations (2) and (3) given
above and the first shoulder surfaces 11 and 21 and second shoulder surfaces
18 and 28 are positioned in an appropriate positional relationship. Thus,
during the process of fastening, the time point at which the first shoulder
surfaces 11 and 21 come into contact is not significantly different from the
time point at which the second shoulder surfaces 18 and 28 come into contact.
This will prevent excessive plastic deformation in the shoulder surfaces that
begin to be in contact first and threads, thereby ensuring good sealing

performance.

Even if the first shoulder surfaces 11 and 21 are in contact with each
other and the second shoulder surfaces 18 and 28 are not in contact with
each other upon completion of fastening, a large gap 1s not created between
the second shoulder surfaces 18 and 28 if the intermediate shoulder
interference 8sniq is set to a value that satisfies Equations (2) and (3) given
above. Thus, if an excessive compression load is applied, the second
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shoulder surfaces also come into contact. This will reduce decrease in

compression resistance and/or decrease in sealing performance.

The threaded joint according to the present embodiment includes
first shoulder surfaces 11 and 21 and second shoulder surfaces 18 and 28.
In this arrangement, a larger area receives a compression load than in a
conventional threaded joint in which shoulder surfaces are provided at only
one location. This will ensure high compression resistance.

In the threaded joint according to the present embodiment, the close
contact by fitting together between the first sealing surfaces 13 and 23
located toward the interior ensures sealing performance mainly against an
internal pressure. Further, the close contact by fitting together between the
second sealing surfaces 16 and 26 located toward the exterior ensures
sealing performance mainly against an external pressure.

Particularly, since the pin 10 includes a first unthreaded extension
15a forwardly contiguous to the second sealing surface 16 located toward the
exterior, the stiffness of the first unthreaded extension 15a increases the
diameter-reduction resistance of the portion of the pin 10 that has the second
sealing surface 16. Thus, even when an external pressure is applied to the
threaded joint, the diameter-reduction deformation of the pin 10 is reduced,
and decrease in the contact pressure between the second sealing surfaces 16
and 26 is reduced. This will improve sealing performance against an
external pressure. Further, the box 20 includes a first unthreaded
extension 25a corresponding to the portion of the pin 10 that has the first
unthreaded extension 15a and a gap is created between the first unthreaded
extensions 15a and 25a upon fastening. This will allow extra dope applied
to the joint to be contained in the gap upon fastening. This will prevent
unintended decrease in the contact pressure between the second sealing
surfaces 16 and 26 that may be caused by an increase in the pressure of the

dope.

The pin 10 and box 20 include second unthreaded extensions 15b and
25b rearwardly contiguous to the second sealing surfaces 16 located toward

the exterior, and a gap is created between the second unthreaded extensions
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15b and 25b upon fastening. This reduces the decrease in contact pressure
due to the decrease in the actual interference between the second sealing
surfaces 16 and 26 produced by the interference-fitting effect of the second
threaded portion. This will improve sealing performance against an

external pressure.

Further, the pin 10 includes a nose 12 contiguous to the first sealing
surface 13 located toward the interior. The box 20 includes a recess 22
corresponding to the portion of the pin 10 that has the nose 12. A gap is
created between the nose 12 and recess 22 upon fastening. For example,
when an excessive tensile load is applied to the threaded joint, the first
shoulder surface 11 of the pin 10 becomes separated from the first shoulder
surface 21 of the box 20, decreasing the actual interference between the first
sealing surfaces 13 and 23, which tends to loosen the contact. Even in such
cases, the elastic recovery of the nose 12 provides the effect of amplification
of the contact pressure between the first sealing surfaces 13 and 23. Thus,
decrease in contact pressure is reduced as a whole, which will provide high
sealing performance against an internal pressure even when an excessive

tensile load is applied.

In the threaded joint according to the present embodiment, the
provision of the second shoulder surfaces 18 and 28 reduces the wall
thicknesses of the portions of the pin 10 that have the first male thread 14
and first sealing surface 13 located toward the interior. Thus, when an
internal pressure is applied to the threaded joint, the portions with the
decreased wall thickness effectively deform such that their diameter
increases. This will amplify the contact pressure between the first sealing

surfaces 13 and 23.

The provision of the second shoulder surfaces 18 and 28 increases the
wall thicknesses of the portions of the pin 10 that have the second sealing
surface 16 and second male thread 17 located toward the exterior such that
their stiffness becomes relatively high. Thus, when an external pressure is
applied to the threaded joint, the diameter-reduction deformation of the
affected portions is reduced, thereby maintaining the contact pressure
between the second sealing surfaces 16 and 26 at high levels.
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Suitable implementations of the threaded joint according to the
present embodiment will be provided below as supplements.

Supposing that, in the pin 10, the area of a cross section of the
steel-pipe body perpendicular to the pipe axis CL is represented as Ay, and
the total of the projected areas of the first and second shoulder surfaces 11
and 18 on a plane perpendicular to the pipe axis CL is represented as Ag,
then, it is preferable that the ratio between these areas (hereinafter referred
to as "area ratio of the total shoulder area to the steel-pipe body), A2/Ay, is
30 % or higher. More preferably, A2/Ac is 35 % or higher. The reasons for
this are as follows: Ao/A¢ essentially depends on the areas of the first and
second shoulder surfaces 11 and 18. If As/Ap is small, this means that the
areas of the first and second shoulder surfaces 11 and 18 are small such that,
when an excessive compression load is applied to the threaded joint, the first
and second shoulder surfaces 11 and 18 cannot resist this compression load.
Then, the first shoulder surface 11, as well as the nose 12 contiguous to it
and the first sealing surface 13, are plastically deformed such that the
contact between the first sealing surfaces 13 and 23 becomes unstable. At
the same time, the second shoulder surface 18, as well as the first
unthreaded extension 15a contiguous to it and the second sealing suxface 16
are plastically deformed such that the contact between the second sealing
surfaces 16 and 26 becomes unstable. As a result, the contact pressure
between the first sealing surfaces 13 and 23 and the contact pressure
between the second sealing surfaces 16 and 26 may decrease. In view of
this, it is preferable that the ratio of the total shoulder area to the steel-pipe
body A2/As 1s relatively large.

No upper limit for the area ratio of the total shoulder area to the
steel-pipe body Ax/Ap is specified. However, if As/Ag is too large, this
effectively means that the areas of the first and second shoulder surfaces 11
and 18 are too large, which means that the outer diameters of the first and
second shoulder surfaces 11 and 18 of the pin 10 are too large. As a result,
the inner diameters of the portions of the box 20 that have the first thread 24
and first sealing surface 23 must be too large. To provide a sufficient
cross-sectional area of the dangerous section of the box 20, the outer
diameter of the box must be large. Further, it is difficult to provide
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sufficient lengths of engagement of the first and second threaded portions.
In view of this, for practical reasons, the area ratio of the total shoulder area
to the steel-pipe body As/Ag is preferably 60 % or lower.

Supposing that, in the pin 10, the total of the projected areas of the
first and second shoulder surfaces 11 and 18 on a plane perpendicular to the
pipe axis CL 1s Ao and the projected area of the first shoulder surface 11 on a
plane perpendicular to the pipe axis CL is Aj, then, the ratio of these areas
(hereinafter referred to as "area ratio of the first shoulder surface to the
entire shoulder"), A1/Az, is preferably 35 % or higher. More preferably, A1/As
1s 40 % or higher. The reasons for this are as follows: Ai1/Az essentially
depends on the area of the first shoulder surface 11 relative to the second
shoulder surface 18. If Aj/Ag is low, this means that the area of the first
shoulder surface 11 is small such that, when an excessive compression load
is applied to the threaded joint, the first shoulder surface 11 cannot resist
this compression load. Then, the first shoulder surface 11, as well as the
nose 12 contiguous to it and the first sealing surface 13, are plastically
deformed such that the contact between the first sealing surfaces 13 and 23
becomes unstable. As a result, the contact pressure between the first
sealing surfaces 13 and 23 may decrease. In view of this, it is preferable
that the area ratio of the first shoulder surface to the entire shoulder Aj/As is

relative large.

No upper limit for the area ratio of the first shoulder surface to the
entire shoulder Ai/As is specified. However, if Ai/Az is too large, this
essentially means that the area of the first shoulder surface 11 is too large
relative to the second shoulder surface 18, which means that the wall
thickness of the nose 12 contiguous to the first shoulder surface 11 of the pin
10 as well as the thicknesses of the portions of the pin that have the first
male thread 14 and first sealing surface 13 are too large. As a result, when
an internal pressure is applied to the threaded joint, these portions do not
effectively deform so as to increase its diameter, and thus the effect of
amplification of the contact pressure between the first sealing surfaces 13
and 23 cannot be obtained. In such cases, the contact pressure between the
first sealing surfaces 13 and 23 may decrease. In view of this, for practical
reasons, it is preferable that the area ratio of the first shoulder surface to the
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entire shoulder Ai/As 1s 55 % or lower,

As shown in FIG. 8, it is preferable that the minimum outer diameter
of the first unthreaded extension 15a of the pin 10 is larger than the
diameter of the standard taper surface 19b. The standard taper surface 19b
1s a taper surface with an outer diameter smaller than that of the extension
19a of the tapering of the thread root surfaces of the second male thread 17
by two times the thread height of the second male thread 17. The reasons
for this are as follows: The outer diameter of the first unthreaded extension
15a essentially depends on the wall thickness of the first unthreaded
extension 15a. If the outer diameter of the first unthreaded extension 15a
is small, this means that the wall thickness of the first unthreaded extension
15a is small, such that, when an external pressure is applied to the threaded
joint, the diameter-reduction resistance of the portion having the second
sealing surface 16 derived from the stiffness of the first unthreaded
extension 15a is insufficient. Then, the contact pressure between the
second sealing surfaces 16 and 26 may decrease. In view of this, it is
preferable that the outer diameter of the first unthreaded extension 15a is
relatively large.

No upper limit for the outer diameter of the first unthreaded
extension 15a is specified. However, the outer diameter of the first
unthreaded extension 15a must be such that the first unthreaded extension
15a does not interfere with the second sealing surface 26 of the box 20 during

fastening.

It is preferable that the length of the first unthreaded extension 15a
of the pin 10 as measured along the pipe axis starting at the forward end of
the second sealing surface 16 is at least one times the thread pitch of the
second male thread 17. If the length of the first unthreaded extension 15a
is small, when an external pressure is applied to the threaded joint, the
contact pressure between the second sealing surfaces 16 and 26 may
decrease for the same reasons as in implementations where the wall
thickness of the first unthreaded extension 15a is small.

No upper limit for the length of the first unthreaded extension 15a is
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specified. However, if the length of the first unthreaded extension 1Ha is
excessively large, this means that the total length of the joint is long, which
increases the process time or material costs, increasing manufacturing costs.
Further, if the length of the first unthreaded extension 15a is larger than a
certain level, near-saturation i1s reached with respect to the improvement of
sealing performance. Thus, for practical reasons, it is preferable that the
length of the first unthreaded extension 15a is not larger than five times the
thread pitch of the second male thread 17.

It is preferable that the length of the second unthreaded extension
15b of the pin 10 as measured along the pipe axis starting at the rearward
end of the second sealing surface 16 1s at least one times the thread pitch of
the second male thread 17. If the length of the second unthreaded
extension 15b is small, the actual interference between the second sealing
surfaces 16 and 26 derived from the interference fit of the second thread
assembly may decrease, which may decrease the contact pressure between
the second sealing surfaces 16 and 26.

No upper limit for the length of the second unthreaded extension 15b
is specified. However, if the length of the second unthreaded extension 15b
is excessively large, this means that the total length of the joint is long,
which increases the process time or material costs, increasing manufacturing
costs. Further, if the length of the second unthreaded extension 15b is
larger than a certain level, near-saturation is reached with respect to the
improvement of sealing performance. Thus, for practical reasons, it is
preferable that the length of the second unthreaded extension 15b is not
larger than five times the thread pitch of the second male thread 17.

It is preferable that the length of the nose 12 of the pin 10 as
measured along the pipe axis CL 1s not smaller than 5 mm. The reasons for
this are as follows: If the length of the nose 12 is small, when an excessive
tensile load is applied to the threaded joint, the elastic recovery of the first
sealing surface 13 produced by the nose 12 is insufficient. Then, the contact
pressure between the first sealing surfaces 13 and 23 may decrease. Thus,
it is preferable that the length of the nose 12 is relatively large.
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No upper limit for the length of the nose 12 is specified. However, if
the length of the nose 12 is excessively large, this means that the total length
of the joint is large, which increases the process time or material costs,
increasing manufacturing costs. Further, if the length of the nose 12 is
larger than a certain level, near-saturation is reached with respect to the
improvement of sealing performance. Thus, for practical reasons, it is
preferable that the length of the nose 12 is not larger than five times the
thread pitch of the first male thread 14.

Otherwise, the present disclosure i1s not limited to the above
embodiments, and various modifications are possible without departing from
the spirit of the present disclosure. For example, when an internal pressure
is applied to the threaded joint, a means may be added to mitigate the close
contact by fitting together between the first threads located toward the
interior only in the area in the vicinity of the first seal portion. Thus, the
portion of the pin 10 that has the first sealing surface 13 located toward the
interior can deform to increase its diameter more effectively, thereby
amplifying the contact pressure between the first sealing surfaces 13 and 23.
The means may be an incomplete thread portion in the first male and female
threads 14 and 24 disposed in the area of the first threads in the vicinity of
the first seal portion, the incomplete thread portion having an incomplete
thread shape. In one implementation of this construction, the incomplete
thread portion has thread heights smaller than the normal thread height,
where the thread crest surfaces of the first female thread 24 of the box 20 is a
cylindrical surface parallel to the pipe axis CL. Thus, a gap is provided
between the thread crest surfaces of the first female thread 24 and the
thread root surfaces of the first male thread 14 only in the region with the
incomplete thread portion. In this implementation, the length of the
incomplete thread portion is three to nine times the thread pitch of the first
female thread 24 (about 15 to 45 mm).

The arrangement of the threaded joint of the above-described
embodiment may be applied to an integral-type or coupling-type thread.

[Examples]
A numerical simulation analysis using the elastic-plastic finite
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element method was conducted to determine the effects of the threaded joint
for steel pipe according to the present disclosure.

<Test Conditions>

For a plurality of samples with different intermediate shoulder
interferences 8:h1d, a finite element analysis was conducted to compare their
performances. Each sample was a coupling-type threaded joint having the
basic structure shown in FIGS. 6 to 8. The common test conditions are
provided below.

(1) Dimensions of steel pipe

7—5/8 [inch] % 1.06 [inch] (with an outer diameter of 193.68 [mm] and
a wall thickness of 27.0 [mml), or 8-5/8 [inchl x 1.15 [inch] (with an outer
diameter of 219.1 [mm] and a wall thickness of 29.2 [mm}).

(2) Grade of steel pipe

P110 in accordance with the API standards (i.e. a carbon steel with a
nominal yield stress of 110 [ksil).

(3) Dimensions of thread (common to all threads)

Thread pitch: 5.08 [mml, flank angle of load flank: —3 °, flank angle of
stab flank: 10 °, gap at stab flank: 0.15 [mm].

In the finite element analysis, the various samples were modeled
where the material was an elastic-plastic material with isotropic hardening,
the elastic modulus was 210 [GPal, yield stress was 0.2 % and yield strength
was 110 [ksi] (=758.3 [MPal).

<Evaluation Method>

[First Analysis]

The first analysis analyzed the tightening of the threads of each
sample. In the first analysis, after the shoulder surfaces of one pair came
into contact, tightening was performed until the shoulder surfaces of the
other pair came into contact. However, if, after the shoulder surfaces of one
pair came into contact, the shoulder surfaces of the other pair did not come
into contact even after 15/100 turns of tightening, tightening was stopped at
this point.

In the first analysis, the difference between the time point at which

29




10

15

20

25

30

35

18698

the interior shoulder surfaces (11, 21) came into contact and the time point at
which the intermediate shoulder surfaces (18, 28) came into contact was
evaluated using the following four levels:

-excellent; the intermediate shoulder surfaces came into contact and
then the interior shoulder surfaces came into contact, where the absolute
value of the difference A between the numbers of tightening rotations was
not greater than 3 [x1/100 turns];

-good; the interior shoulder surfaces came into contact and then the
intermediate shoulder surfaces came into contact, where the absolute value
of the difference A between the numbers of tightening rotations was not
greater than 3 [x1/100 turns);

-acceptable; the interior shoulder surfaces came into contact first,
where the absolute value of the difference A between the numbers of
tightening rotations was greater than 3 [x1/100 turns]; and

-poor; the intermediate shoulder surfaces came into contact first,
where the absolute value of the difference A between the numbers of
tightening rotations was greater than 3 [x1/100 turnsl.

[Second Analysis]

In the second analysis, for each sample, a load history modeling the
series A test of ISO13679 was applied to the model upon fastening. In the
second analysis, after either the interior shoulder surfaces or the
intermediate shoulder surfaces came into contact, 3/100 turns of tightening
were done, and this point was treated as the completion of fastening.

The second analysis evaluated the sealing performances against
external and internal pressures. The sealing performances against the
external and internal pressures were evaluated by comparing the contact
force per unit circumferential length of the first seal portion (13, 23) in the
internal pressure cycle of the load history (i.e. first and second quadrants)
and the contact force per unit circumferential length of the second seal
portion (16, 26) in the external pressure cycle (i.e. third and fourth
quadrants) of the load history. Larger contact forces mean better sealing
performances. The sealing performance was evaluated using the following
four levels using relative values, where the contact force of a sample with an

intermediate shoulder interference G:h4=0 is 1.
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-excellent; the contact forces of both the first and second seal portions
were not smaller than 0.9;

-good; the contact forces of both the first and second seal portions
were not smaller than 0.8 and the contact force of at least one portion was
smaller than 0.9;

-acceptable; the contact forces of both the first and second seal
portions were not smaller than 0.7 and the contact force of at least one
portion was smaller than 0.8; and

-poor; the contact force of one of the first and second seal portions was

smaller than 0.7.

Table 1 shows an overview of the test conditions and evaluations for

the samples.
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Cuter b
diameter 1 s Inrerral ;| Bderral
Mo | of steel Lower | Upper shid iy Cantact pressure | pressure Remarks
oipe [mml § it | Timit | Doowrd [x1 E,mt) &fﬂcﬂt) Evaluation | oyole cycie | Evaluation
[l [roml | [l A10%turnd (first | {eecomd
seal) seal)
_ tnterior Comp.
* -
1 1.00 shouidar scceptable 1 090 GB6 poar o
» interior intermediate Comp.
2 050 11.8 shoulder shouder acoceptakle | 080 066 poor o
irterior interrmediate Trw,
3 030 60 shoulder houider acceptable | 085 0438 @od o
4 | 19368 (o072 | 0% | 022 [-015 | 50 interior | ifermedEte | oo oortable | 088 | 102 | excellert | TV
shoulder shouldar ex.
_ intetior intarmediate Trns,
5 jal0 o] 19 Srovider shoulder Zod 100 1.03 axcellent o
intermediate irterior Irev,
6 045 1.2 chovldar shoulder excellert 102 088 good ox.
intermediate irterior Comp.
T 030 44 shouider shoulder paor 1.06 056 poor o,
_ interior _ Corp.
B 1.00 ® shouider aceptakle | 081 0469 poor .
interior intermediate Cormp.
8 ~050 -121 shouder shoder acceptable [ 081 068 noor .
irkerior irtermediate Tres.
1 —0.20 -84 shouldar choulder acceptable | 0896 089 sood o
intericr intermediate Trne.
11 015 =51 shouder shoulder acoepiable | 020 102 sxallent ax
intericr | Intenrediate Irw.
12 | 21508 | 0063 ¢ 030 | 022 [ QO 20 shouder shouder Hod 100 100 axcellent o
interior intarediate I,
13 o] ez] -05 shoulder choider mod 1.00 058 exceliart o
intermediate interior Iy,
14 015 13 shauder shouder excellert 101 046 ood ex
intermediate irterior T,
15 020 25 shauder shoulder excellent 10 080 |acceptable o
intermediate interior Carmp.
16 030 45 shaulder shouldar poor 101 0h5 poor ox

*Aftar the interior shoulder surfaces care into contact, further tightening with 15/100 turhs was done, and still the intermediate shoulder surfaces
warne rot in cortact.

Table 1 shows the values of intermediate shoulder interference 6sna
calculated for the samples based on Equation (1) provided above. Further,
Table 1 shows the values of the elongation A of the pin, lower limit for Gsnd
(=P-Amint)) and upper limit for Ssna (EP-Amaxt)) calculated based on
Equations (2) to (5) provided above. The set of sample Nos. 1 to 7 and the
set of sample Nos. 8 to 18 are from steel pipes of different dimensions,
resulting in different pin elongations A; however, as a result of providing the
values in 2 significant figures, the lower and upper limits of 8sha are equal.

For sample Nos. 1, 2, 7 to 9 and 16, dsna was lower than the lower

limit or higher than the upper limit, which means that Equation (2} was not
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met. On the other hand, for sample Nos. 3 to 6 and 10 to 15, Bsna was not
lower than the lower limit and not higher than the upper limit, and thus
Equation (2) was met.

<Test Results>

[First Analysis]

For sample Nos. 3 to 5 and 10 to 13, the interior shoulder surfaces
came into contact first, which means no gap between the tip of the pin and
the box. Further, since d:na was not lower than the lower limit and not
higher than the upper limit, the absolute value of the difference A between
the numbers of tightening rotations was relatively small. That is, the
number of tightening rotations registered between the time point at which
the interior shoulder surfaces came into contact and the time point at which
the intermediate shoulder surfaces came into contact was small, preventing
plastic deformation of the interior shoulder surfaces.

Particularly, for sample Nos. 5, 12 and 13, the absolute value of A was
not greater than 3/100 turns. Thus, in a normal tightening process in which,
after shouldering, the point of about 3/100 turns of tightening is treated as
completion, both the interior shoulder surfaces and the intermediate

shoulder surfaces came into contact, ensuring high compression resistance.

For sample Nos. 1, 2, 8 and 9, too, the interior shoulder surfaces came
into contact first, meaning no gap between the tip of the pin and the box.
However, for sample Nos. 1, 2, 8 and 9, 8sna was lower than the lower limit
and the absolute value of A was larger than those for sample Nos. 3 to 5 and
10 to 13. Thus, the number of tightening rotations registered between the
time point at which the interior shoulder surfaces came into contact and the
time point at which the intermediate shoulder surfaces came into contact
was large, causing an excessive plastic deformation of the interior shoulder

surfaces.

For sample Nos. 6, 14 and 15, the intermediate shoulder surfaces
came into contact first. However, for sample Nos. 6, 14 and 15, 6sh14 was not
lower than the lower limit and not higher than the upper limit, and thus,
after the intermediate shoulder surfaces came into contact, the interior
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shoulder surfaces came into contact with a small number of tightening
rotations. Thus, plastic deformation of the intermediate shoulder surfaces
is unlikely to develop in such joints.

For sample Nos. 6, 14 and 15, the absolute value of A was not greater
than 3/100 turns. Thus, in a normal fastening process, such joints ensure
that both the interior shoulder surfaces and the intermediate shoulder
surfaces come into contact, providing high compression resistance. Further,
such joints are particularly preferable in order to prevent plastic deformation
since the intermediate shoulder surfaces, which have larger areas, come into

contact first.

For sample Nos. 7 and 16, too, the intermediate shoulder surfaces
came into contact first. However, for sample Nos. 7 and 16, 5shia was higher
than the upper limit and the absolute value of A was greater than those of
sample Nos. 6, 14 and 15. Thus, the number of tightening rotations
between the time point at which the intermediate shoulder surfaces came
into contact and the time point at which the interior shoulder surfaces came
into contact was large, causing an excessive plastic deformation of the

intermediate shoulder surfaces.

For sample Nos. 7 and 16, the absolute value of A was larger than
3/100 turns. Thus, a normal fastening process cannot cause the interior
shoulder surfaces of such joints to contact each other, creating a gap between
the tip of the pin and the box. Thus, crevice corrosion is likely to develop.

[Second Analysis]

For sample Nos. 5, 6 and 12 to 15, §sng was not lower than the lower
limit and not higher than the upper limit, and the absolute value of A was
not greater than 3/100 turns. Thus, after the shoulder surfaces of one pair
came into contact, both the interior shoulder surfaces and the intermediate
shoulder surfaces came into contact. Sample Nos. 5, 6 and 12 to 15 had
good sealing performance against both external and internal pressures.

For sample Nos. 3, 4, 10 and 11, the interior shoulder surfaces came
into contact first. For sample Nos. 3, 4, 10 and 11, the absolute value of A
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was larger than 3/100 turns, and thus the intermediate shoulder surfaces did
not come into contact. However, for sample Nos. 3, 4, 10 and 11, &g was
not lower than the lower limit and not greater than the upper limit, meaning
good sealing performance against both external and internal pressures.

For sample Nos. 1, 2, 8 and 9, Gsna was lower than the lower limit.
For sample Nos. 7 and 16, 8snia was higher than the upper limit. Thus,
sample Nos. 1, 2, 7 to 9 and 16 had significantly decreased sealing
performance particularly against an external pressure.

The results of the first and second analyses show that setting dsnq to
such a value that Equations (2) and (3) are met will ensure that the interior
shoulder surfaces contact each other, preventing crevice corrosion, and at the
same time providing good sealing performance. Further, setting 8shia to
such a value that Equations (2) and (3) are met will prevent excessive plastic

deformation of the shoulder surfaces.
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CLAIMS

1. A threaded joint for steel pipe including a tubular pin and a
tubular box, wherein the pin and the box are fastened together as the pin is
screwed into the box,

wherein the pin includes, in order from its tip, a first shoulder
surface, a first sealing surface, a first male thread constituted by a taper
thread, a second shoulder surface, a second sealing surface and a second
male thread constituted by a taper thread,

the box includes a first shoulder surface, a first sealing surface, a
first female thread constituted by a taper thread, a second shoulder surface,
a second sealing surface and a second female thread constituted by a taper
thread corresponding to the first shoulder surface, first sealing surface, first
male thread, second shoulder surface, second sealing surface and second
male thread of the pin,

the pin includes a nose located between the first shoulder surface and
the first sealing surface and contiguous to the first sealing surface, and
further includes an unthreaded extemsion located between the second
shoulder surface and the second sealing surface and contiguous to the second
sealing surface,

the box includes a recess corresponding to the nose of the pin, and
further includes an unthreaded extension corresponding to the unthreaded
extension of the pin,

upon fastening, the first shoulder surfaces come into contact, the first
sealing surfaces come into contact, the second sealing surfaces come into
contact, a gap is formed between the nose of the pin and the recess of the box,
a gap is formed between the unthreaded extension of the pin and the
unthreaded extension of the box, the first male thread and the first female
thread engage each other, and the second male thread and the second female
thread engage each other, '

supposing that the distance, as measured in a pipe-axis direction,
between the first and second shoulder surfaces of the pin before fastening is
represented as Lpin, the distance, as measured in the pipe-axis direction,
between the first and second shoulder surfaces of the box before fastening is
represented as Liox, and the interference 8sna between the second shoulder
surface of the pin and the second shoulder surface of the box is defined by
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Equation (1) given below, then, Equations (2) and (3) given below are
satisfied:
[Formula 1]

Oshid = Lpox — L pin oy
PxApin + AL Opg SPx Ay +4 (2)

Anin =-9/100, Az =3/100 3)

5 , where P is the thread pitch of the first male thread, Amin 18 the lower
limit of the number of tightening rotations after the first shoulder surfaces
come into contact or the second shoulder surfaces come into contact during
fastening, Amax is the upper limit of the number of tightening rotations, and A
1s the elongation of the portion of the pin located closer to the tip than the

10  second shoulder surface is during fastening, and,
supposing that the inner diameter of the pin is represented as ID, the
innermost diameter of the second shoulder surface of the pin is represented
as Dus, the outermost diameter of the first shoulder surface of the pin is
represented as Dis, and the interference between the first male and female
15 threads is represented as 8w, then, A is represented by Equations (4) and (5)
given below:

[Formula 2]
-Dint = (Dms +Dis)/2 )
(Dint + ID)
A= 1L .. 5
{(Dim +ID—268y) pin ®)

20
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ABSTRACT

A threaded joint for steel pipe is provided that ensures good sealing
performance and reduces crevice corrosion. A threaded joint includes a pin
(10) and a box (20). The pin (10) includes a first shoulder surface (11), a
first male thread (14), a second shoulder surface (18), and a second male
thread (17). The box (20) includes a first shoulder surface (21), a first
female thread (24), a second shoulder surface (28), and a second female
thread (27). Supposing that the distance between the shoulder surfaces of
the pin (10) is represented as Lpin and the distance between the shoulder
surfaces of the box (20) is represented as Liox, and the interference Sna is
defined by Equation (1) given below, then, the threaded joint is constructed
such that Equations (2) and (3) given below are satisfied. In Equations (2)
and (3), P is the thread pitch of the first male thread (14), Amin and Amax are
the lower and upper limits, respectively, for the difference between the
numbers of tightening rotations, and A is the elongation of the portion of the
pin (10) located closer to the tip than the second shoulder surface (18) is.
[Formula 1]

Sshid = Loox — Lpm ¢y
PxApin + A< Ggp1q S PX Aoy +4 (2)

=-9/100, A,y =3/100 3
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