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ABSTRACT

In a screw joint for a steel pipe, a taper angle of a tapered surface of a pin is
substantially the same as a taper angle of a tapered surface of a box. In addition, the
pin and the box interfere with each other in a radial direction while a seal surface of the
pin and a seal surface of the box contact each other in a process of make-up between a
male screw portion and a female screw portion, and at least a part of the seal surface of
the pin comes into close contact with at least a part of the seal surface of the box over
the entire circumference. Moreover, a contact pressure amplification mechanism,
which increases a contact pressure between the seal surface of the pin and the seal

surface of the box at the completion of the make-up, is further provided.
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SCREW JOINT FOR STEEL PIPE
[Technical Field]

0001}

The present invention relates to a screw joint for a steel pipe.

Priority 1s claimed on Japanese Patent Application No. 2012-208600, filed on
September 21, 2012.
|[Background Art]

[0002]

For example, when fossil fuels such as crude o1l, natural gas, shale gas, or
methane hydrate, and gaseous or liquid underground resources such as ground water or
a hot spring are excavated and produced, steel pipes such as oil-well pipes are used.

In general, the steel pipes such as the oil-well pipes are connected to each other by a
screw joint. The screw joint 1s largely classified into two types. One type 1s a
coupling type. In the coupling type, two steel pipes in which male screw members
(pins) are provided on both ends are connected to each other via a short pipe referred to
as a coupling in which female screw members (boxes) are provided on both ends.

The other type is an integral type. In the integral type, the pin 1s provided on one end
of the steel pipe, the box 1s provided on the other end, and two steel pipes are directly

connected to each other without using the coupling.
[0003]

As a screw joint for an o1l-well pipe, there 1s a screw joint according to
American Petroleum Institute Standard, that 1s, a so-called API joint. In addition,
there is a premium joint which improves performance to endure more severe

environments. Most of the premium joints include not only screw structures required
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to connect the steel pipes but also sealing mechanisms responsible for sealing
performance of gas or liquid.  Particularly, when a high pressure fluid is required to
be sealed, as the sealing mechanism, a metal touch seal is widely used in which
rotationally symmetrical screwless surfaces (seal surfaces) are provided on an outer
surface of the pin and the corresponding inner surface of the box respectively and the

seal surfaces are fitted to each other.

(0004

In the metal touch seal, an outer diameter of the pin is set to be slightly larger
than an inner diameter of the box (this diameter difference is referred to as a “seal
interference amount™). In the metal touch seal, the pin and the box are fitted and
interfere with each other in a radial direction, and thus, elastic restoration forces which
try to revert to the original diameters of each of the box and the pin are generated
between the box enlarged in diameter and the pin reduced in diameter. The seal
surfaces can come into close contact with each other over the entire circumference
using the elastic restoration forces. In the metal touch seal, if the seal interference
amount is set to be large, the sealing performance can be increased.  On the other
hand, if the seal interference amount is set to be excessively large, galling occurs on

the seal surfaces in a make-up process of the screw joint.

10005]

[n this way, the sealing performance and the galling-resistant performance of
the screw joint are in a conflicting relationship. Particularly, in the screw joint for a
steel pipe which is formed of high alloy steel containing large amount of chromium,
nickel, or the like, the galling easily occurs, and thus, it is difficult to achieve both the

sealing performance and the galling-resistant performance.

10006
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Accordingly, many technologies are disclosed which avoid the galling of the
seal surfaces while maintaining the sealing performance, that is, without decreasing the

seal interference amount (refer to Patent Documents 1 to 6).

[0007]

For example, 1n Patent Documents 1 and 2, the related arts which improve a
lubricating coating are disclosed. Specifically, in Patent Document 1, a technology is
disclosed in which a substrate layer processed with oxalic acid is formed on each
surface of a screw portion and a seal surface and a resin coating layer dispersed with
molybdenum disulfide or tungsten disulfide is formed on the substrate layer. In
Patent Document 2, a technology is disclosed in which a substrate layer of porous zinc
or zinc alloy 1s formed on each surface of a screw portion and a seal surface and a solid
lubricating coating or a liquid lubricating coating not containing heavy metal is formed
on the substrate layer. According to Patent Documents 1 and 2, the galling-resistant

performance is improved.

10008]

With respect to a screw joint in which the above-described lubricating coating
or the surface treatment coating is formed on each surface of the screw portion and the

seal surface, i1n most cases, attention is needed for handling the lubricating coating or
the surface treatment coating. Accordingly, due to rough handling during transport of
oil-well pipes to an oil-well site or at the site, defects such as peeling-oft of the

lubricating coating or peeling-oft of the surface treatment coating easily occur.

10009]

In Patent Document 3, a technology which devises a shape of a seal surface 1s
disclosed. Specifically, a technology is disclosed in which the seal surface of a box 1s

formed as a tapered surface, the seal surface of a pin is formed as a curved surface,

.3 -
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both seal surfaces contact each other in a relatively narrow range, a local contact
pressure is increased, and sealing performance is improved.

[0010]

In Patent Document 4, a technology in which two seal surfaces are formed on
an integral type screw joint is disclosed.  Specifically, in one seal surface, a pin seal
surface is formed as a tapered surface and a box seal surface is formed as a curved
surface, and both surfaces contact each other. In the other seal surtace, 1n a reverse
relationship, that is, the box is formed as a tapered surface and the pin is formed as a
curved surface, and both surfaces contact each other.

[0011]

In Patent Document 5, a technology in which the pin and box seal surfaces are
formed as curved surfaces is disclosed. According to technologies disclosed in Patent
Documents 3 to 5, since a high local contact pressure can be obtained if the seal
interference amounts are the same as each other, high sealing performance is obtained.
Moreover, since a sealing contact portion is formed according to the contact between
the tapered surface and the curved surface, stable sealing performance is obtained.

[0012]

However, in the shapes of the seal surfaces disclosed in Patent Documents 3
to 5, the seal surfaces of each of the pin and box slide while contacting each other at a
narrow contact width and a high average contact pressure even in a process in which
the screw joint is made-up. Accordingly, galling-resistant performance becomes
unfavorable. Particularly, in the screw joint formed of high alloy steel containing
chromium of 13 mass% or more, occurrence of the galling becomes unavoidable as

long as expensive surface treatment is not applied to the screw joint.

(0013
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In addition, in Patent Document 6, a technology is disclosed in which the
shapes of the seal surfaces of the pin and box are formed as tapered surfaces and
contact each other, and the galling-resistant performance is improved.

[Prior Art Document}
[Patent Document|

[0014]

[Patent Document 1] Japanese Unexamined Patent Application, First
Publication No. 2000-130654

[Patent Document 2] Pampbhlet of PCT International Publication No. WO

2002/059519

[Patent Document 3] United States Patent Application, Publication No.

2004/108719

[Patent Document 4]  Specification of United States Patent No. 4153283

[Patent Document 5]  Specification of United States Patent No. 3856337

[Patent Document 6]  Specification of United States Patent No. 4736967
[ Disclosure of the Invention]

[Problem that the Invention is to Solve]

(0015

According to the technology disclosed in Patent Document 6, the tapered
surfaces which are seal surfaces contact at a wide contact width in the process in which
the screw joint is made-up. Therefore, the average contact pressure between the seal
surfaces can be suppressed, and the galling does not easily occur.

10016]

However, in the technology disclosed in Patent Document 6, the seal surfaces

keep in contact with each other at a wide contact width even after the make-up 18

-5 -
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completed, and the state where the average contact pressure is decreased is maintained.
Accordingly, there is a limit in the sealing performance according to this technology.
Moreover, if the pressure applied to the seal surfaces is increased, the sealing
performance is insufficient, and thus, there is a risk that fluid leakage may occur.

(0017]

The present invention is made in consideration of the above-described
circumstances, and an object thereof is to provide a screw joint for a steel pipe which
stably achieves both high galling-resistant performance and sealing performance.
[Means for Solving the Problems]

10018]

The present invention adopts the following aspects for solving the problems
and achieving the object.

(1) According to an aspect of the present invention, there 1s provided a
screw joint for a steel pipe including: a pin which includes a male screw portion
formed by a two-step screw, and a seal surface including a tapered surface and a
curved surface adjacent to the tapered surface , the seal surface of the pin being formed
on an intermediate portion of the two-step screw; and a box which includes a female

screw portion formed by a two-step screw, and a seal surface including a tapered
surface and a curved surface adjacent to the tapered surface, the seal surface of the box
being formed on an intermediate portion of the two-step screw. A taper angle of the
tapered surface of the pin is substantially the same as a taper angle ot the tapered

surface of the box. In addition, the male screw portion and the female screw portion
are made-up by screwing, the pin and the box interfere with each other in a radial
direction while the seal surface of the pin and the seal surface of the box contact each

other in a process of the make-up. and at least a part of the seal surface comes into

.6 -
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close contact with at least a part of the seal surface of the box over the entire
circumference. Moreover, a contact pressure amplification mechanism, which
increases a contact pressure between the seal surface of the pin and the seal surface of
the box at the completion of the make-up compared to a time point during the make-up,

1s further provided.

(0019]

(2) In the screw joint for a steel pipe described in (1), the curved surface of
the pin may be formed on a tip side of the pin, and the curved surface of the box may
be formed on a tip side of the box.

10020]

(3) In the screw joint for a steel pipe described in (1), the curved surface of
the pin may be formed on a side opposite to a tip side of the pin, and the curved surface
of the box may be formed on a side opposite to a tip side of the box.

[0021]

(4) In the screw joint for a steel pipe described in (1), the curved surface of
the pin may be formed to be adjacent to both sides of the tapered surface of the pin,
and a length of the tapered surface of the box may be longer than a length of the seal

surface of the pin.

(0022]

(5) In the screw joint for a steel pipe described in (1), the curved surface of
the box may be formed to be adjacent to both sides of the tapered surface of the box,

and a length of the tapered surface of the pin may be longer than a length of the seal

surface of the box.

(0023]

(6) In the screw joint for a steel pipe described in any one of (1)to (5),a

.7 -
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peak contact pressure may be generated 1n a contact portion between the curved
surface and :[he tapered surface in a contact surface between the seal surface of the pin
and the seal surface of the box at the completion of the make-up.

10024 ]

(7) In the screw joint for a steel pipe described in any one of (1) to (6), the
contact pressure amplification mechanism may increase the contact pressure between
the seal surface of the pin and the seal surface of the box by make-up between a
dovetail-shaped screw which s formed 1n a place adjacent to the seal surface of the
male screw portion and a dovetail-shaped screw which is formed in a place adjacent to
the seal surface of the female screw portion.

10025]

(8) In the screw joint for a steel pipe described in any one of (1) to (6), the
contact pressure amplification mechanism may increase the contact pressure between
the seal surface of the pin and the seal surface of the box by a hook shoulder which 1s
adjacent to either a front side or a rear side of each of the seal surface of the pin and the
seal surtace of the box.

[0026]

(9) In the screw joint for a steel pipe described in any one of (1) to (8), the
male screw portion and the female screw portion may include a dovetail-shaped screw.

[0027]

(10) In the screw joint for a steel pipe described 1n any one of (1) to (9), the
taper angle of the tapered surface of the pin and the taper angle of the tapered surface
of the box may be 2° to 10°.

10027a]

According to another aspect of the present invention, there is provided a

.8 -
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screw joint for a steel pipe, comprising: a pin which includes a male screw portion
formed by a two-step screw, and a seal surface including a tapered surface and a
curved surface adjacent to the tapered surface, the seal surface of the pin being formed
on an intermediate portion of the two-step screw; and a box which includes a female
screw portion formed by a two-step screw, and a seal surface including a tapered
surface and a curved surface adjacent to the tapered surface, the seal surface of the box
being formed on an intermediate portion of the two-step screw. A taper angle of the
tapered surface of the seal surface of the pin is the same as a taper angle of the tapered
surface of the seal surface of the box. The male screw portion and the female screw
portion are configured to be made-up by screwing, the pin and the box interfere with
each other 1n a radial direction while the seal surface of the pin and the seal surface of
the box contact each other in a process of the make-up, and at least a part of the seal
surface of the pin comes into close contact with at least a part of the seal surface of the
box over the entire circumference. A contact pressure amplification mechanism, which
1s configured to increase a contact pressure between the seal surface of the pin and the
seal surface ot the box at the completion of the make-up compared to a time point
during the make-up, is further provided. And the contact pressure amplification
mechanism 1s configured to increase the contact pressure between the seal surface of

the pin and the seal surface of the box by: make-up between a dovetail-shaped screw

which 1s formed 1n a place adjacent to the seal surface of the male screw portion and a
dovetail-shaped screw which is formed in a place adjacent to the seal surface of the
female screw portion, or a hook shoulder which is adjacent to either a front side or a
rear side of each of the seal surface of the pin and the seal surface of the box.

| Advantage of the Invention]

[0028]
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According to the aspects described above, the screw joint for a steel pipe
which can stably decrease galling risk of the seal surface and can exhibit stable sealing
performance after the make-up is completed can be provided.

[Brief Description of the Drawings]

[0029]

FIG. 1 is a cross-sectional view schematically showing a longitudinal cross-
sectional shape of a screw joint for a steel pipe according to an embodiment of the
present invention.

FIG. 2 is a main portion cross-sectional view showing dimensions of each seal
portion of a pin and a box of the screw joint for a steel pipe shown by an enclosed
portion X in FIG. 1.

FIG. 3A is a schematic view showing a state before the pin and the box are
made-up to each other in the screw joint for a steel pipe shown in FIG. 1.

FIG. 3B is a schematic view showing a state when the rnake-up between the
pin and the box is completed in the screw joint for a steel pipe shown in F1G. 1.

FIG. 4A is a schematic view showing a state before seal surfaces of each ot a
pin and a box configuring an example of the screw joint for a steel pipe according to
the embodiment of the present invention are made-up to each other.

FIG. 4B is a schematic view showing a state in a make-up process of the seal
surfaces of each of the pin and the box shown in FIG. 4A.

FIG. 4C is a schematic view showing a state when the make-up of the seal
surfaces of each of the pin and the box shown in FIG. 4A is completed.

FIG. SA is a schematic view showing a state before seal surfaces of each ot a
pin and a box configuring another example of the screw joint for a steel pipe according

to the embodiment of the present invention are made-up to each other.

.9 _
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FIG. 5B is a schematic view showing a state in a make-up process ot the seal
surfaces of each of the pin and the box shown 1n FIG. SA.

FIG. 5C is a schematic view showing a state when the make-up of the seal
surfaces of each of the pin and the box shown in FIG. 5A 1s completed.

FIG. 6A is a schematic view showing a state before seal surfaces of each of a
pin and a box configuring still another example of the screw joint according to the
embodiment of the present invention are made-up to each other.

FIG. 6B is a schematic view showing a state in a make-up process of the seal
surfaces of each of the pin and the box shown 1n FIG. 6A.

FIG. 6C is a schematic view showing a state when the make-up of the seal
surfaces of each of the pin and the box shown in FIG. 6A is completed.

FIG. 7A is a schematic view showing a state before seal surfaces of each of a
pin and a box configuring still another example of the screw joint according to the
embodiment of the present invention are made-up to each other.

FI1G. 7B is a schematic view showing a state in a make-up process of the seal
surfaces of each of the pin and the box shown in FIG. 7A.

FIG. 7C is a schematic view showing a state when the make-up of the seal

surfaces of each of the pin and the box shown in FIG. 7A 1s completed.

FIG. 8 is a schematic view showing a configuration example of a dovetail-

shaped screw.

FIG. 9 is a schematic view showing an example when one hook shoulder 1s

provided to be adjacent to either the front side or the rear side of each of the seal

surfaces of the pin and the box.

FI1G. 10 is a schematic view showing another example when one hook

shoulder is provided to be adjacent to either the front side or the rear side of each of the

- 10 -
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seal surfaces of the pin and the box.

FIG. 11 is a schematic view showing a case where two hook shoulders are
provided to be adjacent to the front side and the rear side of the seal surfaces of the pin
and the box.

FIG. 12A is a schematic view showing a state before seal surfaces of each of a
pin and a box according to a seal shape of the related art are made-up to each other.

FIG. 12B is a schematic view showing a state in a make-up process of the seal
surfaces of each of the pin and the box shown in FIG. 12A.

FIG. 12C is a schematic view showing a state when the make-up of the seal
surfaces of each of the pin and the box shown in FIG. 12A 1s completed.

[Best Mode for Carrying Out the Invention|

[0030]

Hereinafter, an embodiment of the present invention will be described 1n
detail with reference to the accompanying drawings.

First, for example, the inventors reviewed in detail causes for galling of a seal
surface frequently occurring in a make-up process of a screw joint for a steel pipe
formed of high alloy steel containing chromium (Cr) of 13 mass” or more.

(0031

FIG. 12A is a schematic view showing a state before seal surfaces 2 and 4 of
each of a pin 1 and a box 3 according to a seal shape of the related art are made-up to
each other. FIG. 12B is a schematic view showing a state in a make-up process of the
seal surfaces 2 and 4 of each of the pin 1 and the box 3 shown in FIG. 12A.  FIG. 12C
is a schematic view showing a state when the make-up of the seal surfaces 2 and 4 of

cach of the pin 1 and the box 3 shown in FIG. 12A is completed. In addition, the right

side in FIGS. 12A to 12C is a tip side in the pin 1, and the left side is a tip side in the

- 11 -
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box 3. Hereinafter, this is similarly applied to all drawings in the present
specification.

[0032]

As shown in FIGS. 12A to 12C. the seal surface 4 of the box 3 is configured
of a tapered surface 4a and curved surfaces 4b and 4c¢ which are smoothly connected to
both ends of the tapered surface. On the other hand, the seal surface 2 of the pin 1 1s
configured of a single large curved surface 2b.

[0033]

A copper plating coating was formed on the box 3 and a screw make-up test
was performed. As a result, particularly, it was found that a phenomenon frequently
occurred in which the copper plating coating formed on the curved surface 4c¢ of the
box 3 was significantly worn. In addition, this phenomenon occurred when a screw
joint included a screw shape in which a cross-section shape of a thread was a so-called
dovetail shape and both loading and stabbing flanks of the thread contacted each other
to be made-up when the make-up was completed. That is, this phenomenon occurred
significantly in a case of a screw joint in which there was much play until immediately

before the make-up was completed.

[0034]
Accordingly, in order to examine the cause of the wear of the copper plating

coating formed on the curved surface 4c¢ of the box 3, the inventors reviewed in detail a

contact state of the seal surface 4 of a make-up process according to a finite clement

analysis. As a result, main causes of the galling were found to be the curved surface
4¢ of the box 3 contacting the curved surface 2b of the pin 1 when the contact ot the
seal surface 2 of the pin 1 started, the contact state becoming a linear contact state in

which the curved surfaces 4c and 2b contacted each other at a significantly narrow

- 12 -
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width, and a high peak contact pressure occurring.

[0035]

Moreover, when the screw having a play until immediately betore the
completion of the make-up was used, since each axis of the pin 1 and the box 3 was
shaken and became unstable when the contact between the seal surface 2 of the pin 1
and the seal surface 4 of the box 3 started, it was found that twisting and the galling
between the seal surfaces 2 and 4 occurred significantly.

[0036]

From the above, the inventors obtained findings such as (I) and (II) below.

(1) If an excessive peak contact pressure due to the contact between the curved
surfaces 2b and 4¢ when the contact between the seal surfaces 2 and 4 starts can be

decreased, occurrence of the galling between the seal surfaces 2 and 4 can be

prevented.

(1) When the contact between the seal surfaces 2 and 4 starts or in the make-
up process, if the contact between the curved surfaces 2b and 4¢ or between the curved
surface 2b and the tapered surface 4a is not a linear contact and the shapes of the seal
surfaces 2 and 4 are appropriately formed so that the tapered surfaces contact each
other so as to be parallel, the seal surfaces can uniformly contact each other at a wider
contact width, and occurrence of the high peak contact pressure can be prevented.

10037]

However, high sealing performance cannot be obtained in a state where the
peak contact pressure keeps low after the make-up is completed. In order to obtain
high sealing performance, it is necessary to generate a high peak contact pressure In
the seal surfaces 2 and 4 at a time point when the make-up is completed. Moreover,

in order to obtain a high peak contact pressure, it is most effective for the curved

- 13 -
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surfaces 2b and 4c¢ of the seal surfaces 2 and 4 to contact each other.  On the other
hand, most seal interference amounts are introduced in advance immediately before the
make-up is completed. Accordingly, even when the seal surfaces slide to perform the
slightly remaining rotation slide until the make-up is completed, there 1s a high
possibility that the galling may occur when it is switched to the contact between the
curved surfaces 2b and 4c.

|0038]

Therefore, the inventors considered that a peak contact pressure having
appropriate magnitude in which sufficient sealing performance was exhibited without
occurrence of the galling was obtained if the contact pressure between the seal surtaces
2 and 4 was amplified by applying other elements immediately before the make-up
was completed, for example, by forming the screw portions of the pin 1 and the box 3
in dovetail-shaped screws and engaging them with each other, by butting against each
other hook shoulders provided to be adjacent to the seal surfaces 2 and 4 of the pin 1
and the box 3, or the like, and the contact between the curved surface and the tapered
surface was generated at the end of the contact portion between the seal surfaces 2 and
4 while substantially maintaining the contact between the seal surfaces 2 and 4 until
the make-up was completed.:

[0039]

The inventors further reviewed based on the above-described conceptions and
found that the above-described problems could be solved by satisfying the following
two elements (A) and (B), and more preferably by satisfying the following element (C)
in addition to the elements (A) and (B).

[0040]

(A) A taper angle of the tapered surface of the pin and a taper angle ot the

- 14 -
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tapered surface of the box are substantially the same as each other. Here, both being
substantially the same as each other means that the taper angle of the tapered surface of
the pin and the taper angle of the tapered surface of the box are the same as each other
or an angle difference between both taper angles is within a range of +0.5°.

[0041]

(B) A contact pressure amplification mechanism, which increases a contact
pressure between the seal surface of the pin and the seal surface of the box at the
completion of the make-up compared to a point in time during the make-up, 1s
provided. Here, as the contact pressure amplification mechanism, a dovetail-shaped
screw applied to the screw portion or a hook shoulder provided to be adjacent to the
seal surfaces of the pin and the box is exemplified, and the dovetail-shaped screw and
the hook shoulder will be described below in detail.

[0042]

(C) The seal surface of the pin is formed at a position which is separated from
an end surface of the pin by a fixed distance or more, and the seal surface of the box 1s

formed at a position which is separated from an end surface of the box by a fixed

distance or more.

10043

From the above-described findings, the inventors found that high galling-
resistant performance and sealing performance could be stably obtained in a make-up
process of a screw joint for a steel pipe formed of carbon steel or high alloy steel
containing chromium of 13 mass% or more by satisfying the elements (A) to (C).

10044]

Moreover, the inventors found that high galling-resistant performance and

sealing performance could be stably obtained in a screw joint in which galling easily

- 15 -



CA 0288b233 2015-03-16

occurs such as the screw joint for a steel pipe formed of high alloy steel containing
chromium of 13 mass% or more as well as the screw joint for a steel pipe formed of
carbon steel or sour resistant steel, or a screw joint for a steel pipe such as an integral
type screw joint in which an expensive surface treatment is not easily performed, and
have completed the present invention.

[0045]

Next, an example of a premium joint to which a screw joint for a steel pipe
(hereinafter, simply referred to as a “screw joint™) 10 according to an embodiment of
the present invention is applied will be described.

FIG. 1 is a cross-sectional view schematically showing a longitudinal cross-
sectional shape of the screw joint 10.

10046

As shown in FIG. 1, the screw joint 10 includes a pin 20 and a box 30.

10047]

The pin 20 includes a male screw portion 21 and a seal surface 22.  The male
screw portion 21 is formed in a spiral on an outer circumferential surface ot the pin 20.

The male screw portion 21 is formed of a two-step screw which includes an upper-step

screw portion 21a and a lower-step screw portion 21b.

10048]

The seal surface 22 is formed in an intermediate portion between the upper-
step screw portion 21a and the lower-step screw portion 21b.  The seal surface 22 1s a

screwless surface which includes a tapered surface 22a and a curved surface 23 which

are formed on the outer circumferential surface of the pin 20.

(0049]

The tapered surface 22a is inclined by a predetermined angle (hereinafter,

.16 -
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referred to as a taper angle of the tapered surface 22a) in an axial cross-section of the
pin 20. Accordingly, the tapered surface 22a forms a truncated cone surface in which
a diameter is gradually reduced from a base end side of the pin 20 toward a tip side in
the outer circumferential surface of the pin 20. For example, the taper angle of the
tapered surface 22a is preferably 2° to 10°, and more preferably 3° to 7°.

[0050]

The curved surface 23 includes a rear curved surface 23a and a front curved
surface 23b which are formed to be adjacent to both sides of the tapered surface 22a.
The rear curved surface 23a and the front curved surface 23b are formed to draw an arc
with a predetermined curvature in the axial cross-section of the pin 20.  Accordingly,
the curved surface 23 forms a curved curvature rotor surface in the outer
circumferential surface of the pin 20.  The curvature of the curved surface 23 may be
set to form a curved surface which is continuous between a surface opposite to the
tapered surface 22a with the interposed curved surface 23 and the tapered surface 22a.

[0051]

The box 30 includes a female screw portion 31 and a seal surface 32. The
female screw portion 31 is formed in a spiral on an inner circumferential surface of the
box 30. The female screw portion 31 includes a two-step screw which mncludes an

upper-step screw portion 31a and a lower-step screw portion 31b.  'The upper-step

screw portion 31a of the box 30 is screwed to the upper-step screw portion 21a of the
pin 20, and the lower-step screw portion 31b of the box 30 is screwed to the lower-step

screw portion 21b of the pin 20.  Accordingly, the male screw portion 21 and the
female screw portion 31 are made-up by the screwing.
[0052]

The seal surface 32 is formed in an intermediate portion between the upper-
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step screw portion 31a and the lower-step screw portion 31b.  The seal surface 32 1s a
screwless surface which includes a tapered surface 32a and a curved surface 33 which
are formed on the inner circumferential surface of the box 30.

[0053]

The tapered surface 32a is inclined by a predetermined angle (hereinafter,
referred to as a taper angle of the tapered surface 32a) in an axial cross-section of the
box 30. Accordingly, the tapered surface 32a forms a truncated cone surface in which
a diameter is gradually reduced from a base end side of the box 30 toward a tip side in
the inner circumferential surface of the box 30. For example, the taper angle of the
tapered surface 32a is preferably 2° to 10°, and more preferably 3° to 7°.

(0054]

The curved surface 33 includes a front curved surface 33a and a rear curved
surface 33b which are formed to be adjacent to both sides of the tapered surface 32a.
The front curved surface 33a and the rear curved surface 33b are formed to draw an arc
with a predetermined curvature in the axial cross-section of the box 30.  Accordingly,
the curved surface 33 forms a curved curvature rotor surface in the inner
circumferential surface of the box 30. The curvature of the curved surface 33 may be
set to form a curved surface which is continuous between a surface opposite to the
tapered surface 32a with the interposed curved surface 33 and the tapered surface 32a.

10055

In the screw joint 10, in the process of the make-up between the male screw
portion 21 and the female screw portion 31, the pin 20 and the box 30 interfere with
cach other in a radial direction while the seal surface 22 of the pin 20 and the seal
surface 32 of the box 30 contact each other, and thus, a structure (metal touch seal) in

which at least a part of the seal surface 22 of the pin 20 comes into close contact with
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at least a part of the seal surface 32 of the box 30 over the entire circumference 1s
obtained.

[0056]

That is, in the metal touch seal, an outer diameter of the pin 20 is set to be
slightly larger than an inner diameter of the box 30 (this diameter difference is referred
to as a “seal interference amount™). In the metal touch seal, the pin 20 and the box 30
are fitted and interfere with each other in the radial direction, and thus, elastic
restoration forces which try to revert to the original diameters of each of the box 30
and the pin 20 are generated between the box 30 enlarged in diameter and the pin 20
reduced in diameter. The seal surfaces 22 and 32 can come into close contact with
cach other over the entire circumference using the elastic restoration forces.

[0057]

FIG. 2 is a main portion cross-sectional view showing dimensions of each seal
portion of the pin 20 and the box 30 of the screw joint 10 shown by an enclosed
portion X in FIG. 1.

10058

Moreover, in FIG. 2, a reference numeral 41 indicates a radius of curvature of
the rear curved surface 23a of the pin 20. A reference numeral 42 indicates a radius
of curvature of the front curved surface 23b of the pin 20. A reference numeral 43
indicates the taper angle of the tapered surface 22a of the pin 20. A reference
numeral 44 indicates a diameter of the seal surface 22 of the pin 20. A reterence
numeral 45 indicates a taper length of the seal surface 22 of the pin 20. Moreover, a
reference numeral 46 indicates a radius of curvature of the rear curved surface 33b of

the box 30. A reference numeral 47 indicates a radius of curvature of the front curved

surface 33a of the box 30. A reference numeral 48 indicates the taper angle of the
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tapered surface 32a of the box 30. A reference numeral 49 indicates a diameter of the
seal surface 32 of the box 30. A reference numeral 50 indicates a taper length of the
seal surface 32 of the box 30.

10059]

The screw joint 10 preferably satisfies the following two elements (A) and (B),
and more preterably satisties the following element (C) in addition to the elements (A)
and (B).

[0060]

(A) The taper angle 43 of the tapered surface 22a of the pin 20 and a taper
angle 48 of the tapered surface 32a of the box 30 are substantially the same as each
other. Here, both being substantially the same as each other means that the taper
angle 43 and the taper angle 48 are the same as each other or the angle difference
between both taper angles is within a range of £0.5°.

10061}

(B) A contact pressure amplification mechanism 40, which increases a contact
pressure between the seal surface 22 of the pin 20 and the seal surface 32 of the box 30

at the completion of the make-up compared to a point in time during the make-up, is
provided. Here, as the contact pressure amplification mechanism 40, the dovetail-
shaped screw or the hook shoulder as shown in FIGS. 8 to 11 is exemplified.

[0062]

(C) The seal surtace 22 of the pin 20 or the seal surface 32 of the box 30 is
formed at a position which 1s separated from the end surface of each of the pin 20 and
the box 30 by a fixed distance or more. That 1s, in a two-step screw, the seal surface
22 of the pin 20 and the seal surface 32 of the box 30 are provided in the intermediate

portions between the upper-step screw portions 21a and 31a and the lower-step screw
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portions 21b and 31b.  Since the seal surface 22 of the pin 20 and the seal surface 32
of the box 30 are provided in the intermediate portions, the taper angles of the seal
surfaces 22 and 32 are constantly maintained in the make-up process and uniform seal
contact can be obtained. -

[0063]

FIG. 3A is a schematic view showing a state before the pin 20 and the box 30
are made-up to each other in the screw joint 10 shown in FIG. 1, and FIG. 3B 1s a
schematic view showing a state when the make-up between the pin 20 and the box 30
is completed in the screw joint 10 m FIG. 1.

10064 ]

As shown in FIGS. 3A and 3B, in the seal surfaces 22 and 32 of each of the
pin 20 and the box 30, the tapered surfaces 22a and 32a having substantially the same
taper angles 43 and 48 are formed, and the tapered surfaces 22a and 32a contact each
other so as to be approximately parallel and at a wide width when the contact between
the seal surfaces 22 and 32 starts. Accordingly, the element (A) can be relatively
casily achieved.

[0065]

However, if the seal surface 22 is formed in a tip portion including the tip

surface of the pin 20, the diameter of the seal surface 22 provided in the tip portion
(referred to as a lip) including the tip surface of the pin 20 is reduced by the seal
interference amount according to progression of the make-up.  Accordingly, a
deflection angle (the taper angle 43 of the tapered surface 22a of the pin 20) 1s
increased. On the other hand, the diameter of the box 30 is uniformly increased, and
thus, the deflection angle (the taper angle 48 of the tapered surface 32a of the box 30)

is almost unchanged. That is, even when the seal surfaces 22 and 32 can contact each
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other so as to be approximately parallel to each other when the contact starts, influence
of the seal interference amount gradually appears according to the make-up, and thus,
the taper angles 43 and 48 of the seal surfaces 22 and 32 of each of the pin 20 and the
box 30 do not coincide with each other. In this case, it is difficult to keep the seal
surfaces 22 and 32 in continuous contact at a wide width in the make-up process.

[0066]

In order to make the taper angles 43 and 48 of the seal surfaces 22 and 32
continuously coincide with each other even when the influence of the seal interference
amount begins to appear, a portion having sufficient stiffness iS formed in the further
tip side of the seal surface 22 provided in the tip portion of the pin 20, the diameter of
the seal surface 22 is uniformly reduced, and occurrence of the deflection angle may be
suppressed. Accordingly, forming the seal surface 22 at the position separated from
the end surface of the pin 20 by a fixed distance or more 1s eftective.

[0067]

In the above, the case where the seal surface 22 is provided in the tip portion
of the pin 20 is described. However, a case where the seal surface 32 is provided in
the tip portion of the box 30 is similarly applied. That is, a portion having sufficient
stiffness may be formed in the further tip side of the seal surface 32 of the box 30.

[0068]

In order to form the portion having sufficient stiffness, as shown in F1G. 1, a

so-called intermediate seal structure is adopted, in which the upper-step screw portion

21a and the lower-step screw portion 21b of the male screw portion 21 are formed on

both sides of the seal surface 22 and the upper-step screw portion 31a and the lower-

step screw portion 31b of the female screw portion 31 are formed on both sides of the

seal surface 32.
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[0069]

If the intermediate seal structure is configured as described above, the contact
between the tapered surfaces 22a and 32a which are the seal surfaces 22 and 32 1s
uniformly maintained at a wide contact width even in the make-up process, and risk of
the galling is further decreased.

10070]

FIG. 4A is a schematic view showing a state before seal surfaces 22 and 32 of
each of the pin 20 and the box 30 configuring an example of the screw joint for a steel
pipe according to the embodiment of the present invention are made-up to each other.
FIG. 4B is a schematic view showing the state in the make-up process of the seal
surfaces 22 and 32 of each of the pin 20 and the box 30 shown in FIG. 4A.  FIG. 4C 1s
a schematic view showing a state when the make-up of the seal surfaces 22 and 32 of
each of the pin 20 and the box 30 shown in FIG. 4A is completed.

[0071]

Moreover, in FIGS. 4A to 4C, the same reference numerals are attached to the
same portion as each portion of the pin 20 and the box 30 configuring the screw joint
10, and the descriptions are omitted. Moreover, a reference numeral A in FIG. 4B
shows contact pressure distribution in the make-up process. A reference numeral B in
FIG. 4C shows the peak contact pressure when the make-up is completed.

10072]

As shown in FIGS. 4A to 4C, the length of the seal surface 22 of the pin 20 1S
shorter than the length of the tapered surface 32a of the box 30.  Accordingly, as
shown by the reference numeral A in FIG. 4B in the process of the make-up, the
tapered surfaces 22a and 32b can uniformly contact each other at a wider contact width

while being in contact with each other so as to be parallel. Theretore, occurrence of a
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high contact pressure is prevented, and variation of the contact pressure distribution
can be suppressed.

10073

On the other hand, at the time point when the make-up is completed, the
shorter tapered surface 22a, and the rear curved surface 23a and the front curved
surface 23b which are smoothly connected to both ends contact the tapered surface 32a
of the box 30. Accordingly, the contact pressure between the seal surfaces 22 and 32
is increased immediately before the make-up is completed. Moreover, when the
make-up is completed, as shown by the reference numeral B in FIG. 4C, the peak
contact pressure is generated in which the contact pressures in the portions of the rear
curved surface 23a and the front curved surface 23b contacting the tapered surface 32a
are higher than those of other portions.

[0074]

Accordingly, in the screw joint 10, the risk of the galling of the seal surfaces
22 and 32 can be stably decreased, and sealing performance can be stably exhibited
after the make-up is completed.

[00735]

Next, another example of the screw joint for a steel pipe according to the

embodiment of the present invention will be described.

FIG. SA is a schematic view showing a state before seal surfaces 22 and 32 of
each of the pin 20 and the box 30 configuring another example of the screw joint for a
steel pipe according to the embodiment of the present invention are made-up to each
other. FIG. 5B is a schematic view showing a state in the make-up process of the seal

surfaces 22 and 32 of each of the pin 20 and the box 30 shown in FIG. SA.  FIG. 5C 1s

a schematic view showing a state when the make-up of the seal surfaces 22 and 32 ot
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each of the pin 20 and the box 30 shown in FIG. 5A 1s completed.

[0076]

Moreover, in FIGS. 5A to 5C, the same reference numerals are attached to the
same portion as each portion of the pin 20 and the box 30 configuring the screw joint
10, and the descriptions are omitted. Moreover, a reference numeral A in FIG. 5B
shows contact pressure distribution in the make-up process. A reference numeral B in
FIG. 5C shows the peak contact pressure when the make-up 1s completed.

10077]

In a way contrary to FIGS. 4A to 4C, in FIGS. 5A to 5C, the front curved
surface 33a and the rear curved surface 33b of the box 30 are formed on both sides of
the tapered surface 32a, and a length 45 of the tapered surface 22a of the pin 20 1s
longer than a length 50 of the seal surface 32 of the box 30.  Also in this case, the risk
of the galling of the seal surfaces 22 and 32 can be stably decreased, and scaling
performance can be stably exhibited after the make-up is completed.

10078

FIG. 6A is a schematic view showing a state before seal surfaces 22 and 32 of
each of the pin 20 and the box 30 configuring still another example of the screw joint
according to the embodiment of the present invention are made-up to each other.  FlG.
6B is a schematic view showing a state in the make-up process of the seal surfaces 22
and 32 of each of the pin 20 and the box 30 shown in FIG. 6A. FIG. 6C is a schematic

view showing a state when the make-up of the seal surfaces 22 and 32 of each ot the

pin 20 and the box 30 shown in FIG. 6A is completed.

(0079]

Moreover, in FIGS. 6A to 6C, the same reference numerals are attached to the

same portion as each portion of the pin 20 and the box 30 configuring the screw joint
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10, and the descriptions are omitted. Moreover, a reference numeral A in FIG. 6B
shows contact pressure distribution in the make-up process. A reference numeral B 1n
FIG. 6C shows the peak contact pressure when the make-up is completed.

[0080]

FIGS. 6A to 6C show an aspect in which the seal surfaces 22 and 32 of both
of the pin 20 and the box 30 includes tapered surfaces 22a and 32a having substantially
the same taper angles 43 and 48 as each other. In addition, in the aspect, the front
curved surface 23b 1s provided in the side which is positioned in the tip side of the pin
20 in the tapered surface 22a of the pin 20, and the front curved surface 33a is provided
in the tip side of the box 30 in the tapered surface 32a of the box 30. In this case,
even when the lengths 45 and 50 of the tapered surfaces 22a and 32a of both of the pin
20 and the box 30 are the same as each other, uniform contact is maintained at a wide

contact width when the contact between the seal surfaces 22 and 32 starts or in the

make-up process, and risk of the galling 1s decreased.

[0081]

FIG. 7A is a schematic view showing a state before seal surfaces 22 and 32 ot
cach of the pin 20 and the box 30 configuring still another example of the screw joint
according to the embodiment of the present invention are made-up to each other.  FIG,

7B is a schematic view showing a state in the make-up process of the seal surfaces 22

and 32 of each of the pin 20 and the box 30 shown in FIG. 7A.  FIG. 7C is a schematic

view showing a state when the make-up of the seal surfaces 22 and 32 of each of the
pin 20 and the box 30 shown in FIG. 7A 1s completed.

10082 ]

Moreover, in FIGS. 7A to 7C, the same reference numerals are attached to the

same portion as each portion of the pin 20 and the box 30 configuring the screw joint
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10, and the descriptions are omitted. Moreover, a reference numeral A in FIG. 7B
shows contact pressure distribution in the make-up process. A reference numeral B in
FIG. 7C shows the peak contact pressure when the make-up is completed.

|0083]

FIGS. 7A to 7C show an aspect in which the seal surfaces 22 and 32 of both
of the pin 20 and the box 30 includes tapered surfaces 22a and 32a having substantially
the same taper angles 43 and 48 as each other. In addition, in the aspect, the rear
curved surface 23a is provided in the side opposite to the tip side of the pin 20 in the
tapered surface 22a of the pin 20, and the rear curved surface 33b is provided 1n the
side opposite to the tip side of the box 30 in the tapered surface 32a of the box 30. In
this case, even when the lengths 45 and 50 of the tapered surfaces 22a and 32a of the
seal surfaces 22 and 32 of both of the pin 20 and the box 30 are the same as each other,

uniform contact is maintained at a wide contact width when the contact between the
seal surfaces 22 and 32 starts or in the make-up process, and risk of the galling 1s

decreased.

0084 ]

According to the aspect shown in FIGS. 7A to 7C, at the beginning of the
make-up, that is, at the starting of the contact between the seal surfaces 22 and 32 and
in the make-up process following it, the tapered surfaces 22a and 32a having the taper
angles in the seal surfaces 22 and 32 of the pin 20 and the box 30 contact each other so
as to be parallel, the contact between the curved surfaces 23 and 33 in the make-up

process is not generated, and thus, the peak contact pressure can be decreased.

10085]

Next, the contact pressure amplification mechanism 40 having the screw joint

10 will be described.
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The contact pressure amplification mechanism 40 is a mechanism which
Increases a seal contact force immediately before the make-up 1s completed and
amplities the contact pressure, and with respect to the mechanism increasing the seal
contact force, some mechanisms are considered. In one mechanism, screw shapes of
cach of the male screw portion 21 and the female screw portion 31 may be formed in
dovetail-shaped screws.

10086

FIG. 8 1s a schematic view showing a configuration example of a
representative dovetail-shaped screw 40-1. In addition, in FIG. 8, reference numerals
a and a’ indicate loading flanks of the thread. Reference numerals b and b’ indicate
stabbing flanks of the thread. Reference numerals ¢ and ¢’ show thicknesses occupied
by the screw.

10087]

In the contact pressure amplification mechanism 40, the dovetail-shaped
screws 40-1 adjacent to the seal surfaces 22 and 32 are locked to each other by
caulking both loading and stabbing flanks of the screw immediately before the make-
up 1s completed, and the contact force between the seal surfaces 22 and 32 1s increased.
Accordingly, for example, as shown by the reference numeral B in FIG. 4C, when the
make-up 1s completed, in the portion in which the curved surfaces 23a and 23b contact
the tapered surface 32a, the peak contact pressure having the higher contact pressure
than those of other portions can be generated.

[0088]

At least one dovetail-shaped screw 40-1 may be provided 1n places adjacent to
the seal surfaces 22 and 32 of the upper-step screw portion 21a and 31a and the lower-

step screw portion 21b and 31b.  The dovetail-shaped screw 40-1 is preterably
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formed by at least 1.5 pitches to be adjacent to the seal surfaces 22 and 32. However,
the entirety of the male screw portion 21 (21a and 21b) and the female screw portion
31 (31a and 31b) is more preferably the dovetail-shaped screw 40-1.

[0089]

Moreover, in the dovetail-shaped screw 40-1 shown in FIG. 8, a surface of
thread crest and a surface of the thread root is parallel to a joint axis L.  In this case,
heights of the loading flanks a and a’ of the thread is lower than heights of the stabbing
flanks b and b’, and the larger the taper angle and wider the gap between surfaces of
the thread crest are, the lower the heights of the loading flanks a and a’ are.

[0090]

On the other hand. in a case where the surface of thread crest and the surface
of the thread root are parallel to a taper line of the screw, the loading flanks a and a’
can be set to be increased to a full limit of the occupying thickness range (width in a
radial direction between the pitch lines including the surface of thread crest and the
surface of thread root) of the applied screw. Compared to the dovetail-shaped screw
40-1, a force (force which amplifies the seal contact force immediately before the
make-up), which fastens the pin 20 and the box 30 in the radial direction when the

screw is engaged, can be further improved.  Accordingly, if the dovetail-shaped screw

40-1 is used, the effects of the contact pressure amplification mechanism 40 are further
increased. Moreover, it is more preferable that both of the male screw portion 21
(21a and 21b) and the female screw portion 31 (31a and 31b) be the tapered screw and
the dovetail-shaped screw.

10091]

For example, as another mechanism configuring the contact pressure

amplification mechanism 40, there is a hook shoulder which 1s provided to be adjacent

- 970 .



CA 0288b233 2015-03-16

to either the front side or the rear side of each of the seal surfaces 22 and 32 of the pin
20 and the box 30 or to both sides thereof.

10092}

FIGS. 9 to 11 are schematic views showing an example of the hook shoulder.
In the drawings, FIGS. 9 and 10 are schematic views showing a case where one hook
shoulder is provided to be adjacent to either the front side or the rear side of each of the
seal surfaces 22 and 32 of the pin 20 and the box 30. On the other hand, FIG. 11 1s a
schematic view showing a case where two hook shoulders are provided to be adjacent
to the front side and the rear side of the seal surfaces 22 and 32 of the pin 20 and the
box 30.

10093 ]

Moreover, in FIGS. 9 to 11, the reference numeral 20 indicates the pin.  'The
reference numeral 30 indicates the box. The reference numeral 22 indicates the seal
surface of the pin 20. A reference numeral 24 indicates a shoulder surface of the pin
20. The reference numeral 21a indicates a male screw of the pin 20.  The reference
numeral 32 indicates the seal surface of the box 30. A reference numeral 34 indicates
a shoulder surface of the box 30. The reference numeral 31a indicates a female screw

of the box 30. A reference numeral T indicates the tapered surfaces 22a and 32a on

the seal surfaces 22 and 32. A reference numeral R indicates the curved surface on
the seal surfaces 22 and 32.

(0094]

If the hook shoulder surfaces 24 and 34 are provided to be adjacent to either
the front side or the rear side of each of the seal surfaces 22 and 32 or both sides
thereof, a radial component of a reaction force generated by butting of the shoulders 1S

operated in a direction in which the seal surfaces 22 and 32 come into further close
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contact, and the seal contact force can be increased.
|Example]
[0095]

In the present example, in order to demonstrate effects of the present
invention, by performing finite element analysis and actual make-up test with respect
to screw joints for a steel pipe having four types of seal shapes shown in Tables 1A and
I B 1n the intermediate portion of a two-step screw having an upper step and a lower
step 1n a screw joint, galling-resistant performance and sealing performance of the seal

surface were evaluated. Here, Tables 1A and 1B show the seal shapes of the pin.

Table 2 shows the seal shapes of the box.
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10098]

First, a procedure of the finite element analysis will be described.  The

offered screw joint is an integral type premium joint having a dovetail-shaped screw.

The specification of the screw joint is shown in Tables 1A and 1B. In the present

example, the contact pressures of the seal surfaces at the beginning of the make-up and

at the completion of the make-up were focused on by performing analysis simulating

the make-up of the screw joint.

Nos. 1 and 3 materials.

10099

13Cr steel (nominal yield strength YS=794 MPa) was used with respect to

Carbon steel Q125 (nominal yield strength YS=862 MPa

(125ksi)) of API standard was used with respect to Nos. 2 and 4 materials.

[0100]

Results of the finite element analysis are shown in Table 2.

10101}
| Table 2]
No. | At the beginning of make-up At the completion of make-up Remark
Contact width | Peak contact | Contact width | Peak contact
on seal (mm) | pressure/YS on seal (mm) pressure/Y S
l 1.1 1.3 1.6 1.3 Comparative
example
2 1.4 I 2.9 1.3 Comparative
example
3 2.7 0.3 1.6 1.9 Present invention
4 2.4 0.6 2.5 1.8 Present invention
10102 |

As is clear from Table 2, at the beginning of the make-up, Nos. 3 and 4

contact widths on seal are increased compared to those of Nos. 1 and 2, and the

intended contact start state of the seal can be reproduced. Moreover, the peak contact

pressures of the seal surfaces are significantly decreased to be approximately 0.3 YS to
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0.6 YS. From the results, in the screw joint to which the present invention is applied,
it was found that the seal surfaces had high galling resistant performance.

[0103]

In Table 2, the contact pressures at the completion of the make-up are also
shown. From Table 2, it is found that Nos. 3 and 4 peak contact pressures at the
completion of the make-up are approximately two times the YS and are significantly
increased compared to Nos. 1 and 2.

[0104]

From the results, in the screw joint to which the present invention is applied, it
was found that the seal surface had sufficient sealing performance at the completion of
the make-up.

[0105]

Next, the actual make-up test will be described. In this test, the galling-
resistant performance of the seal surface of the screw joint was evaluated by a repeated
make-up/break-out test.

10106]

With respect to the galling-resistant performance, in API test standard, by
performing the make-up/break-out test with respect to the casing three times or more, 1t

is determined to pass the test if the galling does not occur.

[0107]

As shown in Table 3, the galling-resistant performance was evaluated
according to screw joints having Nos. 17, 3°, and 4 seal shapes. Moreover, even when
Nos. 1’ and 3’ seal shapes are the same as those of Nos. 1 and 3, since the sizes of Nos.

1’ and 3’ screw joints are different from those of Nos. 1 and 3, different numbers such

as 17 and 3’ are assigned. The details of the seal shapes are as shown in Table 1.
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[0108]

As a test sample, a surface treatment was performed on both of the pin and the
box by sand blasting and a screw compound of API standard was used for a lubricant.

10109]

The results of the repeated make-up/break-out test are collected and shown in

Table 3.
(0110]
| Table 3]
Size Seal shape Number of success of make-up/break-
out

7-5/87°39# No I’ |

~ 7-5/87394# No 3° 10
5-1/2723# No 4 4

10111]

As shown in Table 3, the galling occurred at the second make-up/break-out
with respect to No. 1’ screw joint. However, the galling of the seal surface did not
occur even when the make-up/break-out of three-times or more was performed with
respect to the screw joints of Nos. 3 and 4, and thus, 1t was demonstrated that the
screw joint to which the present invention was applied had improved galling-resistant
performance.

| Description of Reference Numerals and Signs]

[0112]

10: screw joint for steel pipe
20: pin

21: male screw portion

2 1a: upper-step screw portion

21b: lower-step screw portion
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22: seal surface

22a: tapered surface

23: curved surface

23a: rear curved surface

23b: front curved surface

30: box

31: female screw portion
31a: upper-step screw portion
31b: lower-step screw portion
32: seal surface

32a: tapered surface

33: curved surface

33a: front curved surtace
33b; rear curved surface

40: contact pressure amplification mechanism
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CLAIMS
[Claim 1]

A screw joint for a steel pipe, comprising:

a pin which includes a male screw portion formed by a two-step screw, and a
seal surface including a tapered surface and a curved surface adjacent to the tapered
surtace, the seal surface of the pin being formed on an intermediate portion of the two-
step screw; and

a box which includes a female screw portion formed by a two-step screw, and
a seal surface including a tapered surface and a curved surface adjacent to the tapered
surface, the seal surface of the box being formed on an intermediate portion of the two-
Step screw,

wherein a taper angle of the tapered surface of the seal surface of the pin is the
same as a taper angle of the tapered surface of the seal surface of the box,

whereln the male screw portion and the female screw portion are configured
to be made-up by screwing, the pin and the box interfere with each other in a radial
direction while the seal surface of the pin and the seal surface of the box contact each
other 1n a process of the make-up, and at least a part of the seal surface of the pin
comes 1nto close contact with at least a part of the seal surface of the box over the

entire circumference,

wherein a contact pressure amplification mechanism, which is configured to
increase a contact pressure between the seal surface of the pin and the seal surface of
the box at the completion of the make-up compared to a time point during the make-up,
is further provided, and

wherein the contact pressure amplification mechanism is configured to

increase the contact pressure between the seal surface of the pin and the seal surface of
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the box by:
make-up between a dovetail-shaped screw which is formed in a place
adjacent to the seal surface of the male screw portion and a dovetail-shaped screw
which 1s formed in a place adjacent to the seal surface of the female screw portion, or
a hook shoulder which is adjacent to either a front side or a rear side
of each of the seal surface of the pin and the seal surface of the box.
[Claim 2]
The screw joint for a steel pipe according to claim 1,
wherein the curved surface of the seal surface of the pin 1s formed on a tip
side of the pin, and the curved surface of the seal surface of the box 1s formed on a tip
side of the box.
|Claim 3]
. The screw joint for a steel pipe according to claim 1,
wherein the curved surface of the seal surface of the pin 1s formed on a side
opposite to a tip side of the pin, and the curved surface of the seal surface of the box is
formed on a side opposite to a tip side of the box.
[Claim 4]
The screw joint for a steel pipe according to claim 1,
wherein the curved surface of the seal surface of the pin is formed to be
adjacent to both sides of the tapered surface of the seal surface of the pin, and a length
of the tapered surface of the seal surface of the box is longer than a length of the seal

surface of the pin.
[Claim 5]

The screw joint for a steel pipe according to claim 1,

wherein the curved surface of the seal surface of the box is formed to be
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adjacent to both sides of the tapered surface of the seal surface of the box, and a length
of the tapered surface of the seal surface of the pin is longer than a length of the seal
surtace of the box.
| Claim 6]
The screw joint for a steel pipe according to any one of claims 1 to 5,
wherein the curved surface and the tapered surface is configured to generate a
peak contact pressure 1n a contact portion between the curved surface and the tapered
surface 1n a contact surface between the seal surface of the pin and the seal surface of
the box at the completion of the make-up.
[Claim 7]
The screw joint for a steel pipe according to any one of claims 1 to 6,
wherein the taper angle of the tapered s_urface of the seal surface of the pin

and the taper angle of the tapered surface of the seal surface of the box are 2° to 10°.
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