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(57) Abréegée/Abstract:

A threaded joint for steel pipes comprising a pin (1) and a box (2). The pin has a male thread (11) and a lip (12) which comprises (i)
a sealing surface (13) and (i) a nose portion (16) provided with a shoulder surface. The box has a female thread (21), a sealing
surface (23) and a shoulder surface. The shoulder surface of the pin comprises two distinct adjacent surfaces, main shoulder (14)
INn the inner side and sub shoulder (15) In the outer side. Correspondingly, the shoulder surface of the box comprises two distinct
adjacent surfaces, main shoulder (24) in the inner side and sub shoulder (25) Iin the outer side. The main shoulder surfaces of the
pin and box are disposed such as to prevent a radially inward deformation of the lip end, and the sub shoulder surfaces of pin and
box are disposed such as to limit a radially outward deformation of the lip end. The main shoulder of the pin has a greater radial
dimension than said sub shoulder of the pin, and at least the main shoulder surface of the pin Is in axial abutment with at least the
corresponding main shoulder surface of the box.
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(57) Abstract: A threaded joint for steel pipes comprising a pin (1) and a box (2). The pin has a male thread (11) and a lip (12)
which comprises (i) a sealing surface (13) and (ii) a nose portion (16) provided with a shoulder surface. The box has a female thread
(21), a sealing surface (23) and a shoulder surface. The shoulder surface of the pin comprises two distinct adjacent surfaces, main
shoulder (14) in the inner side and sub shoulder (15) in the outer side. Correspondingly, the shoulder surface of the box comprises two
distinct adjacent surfaces, main shoulder (24) in the inner side and sub shoulder (25) in the outer side. The main shoulder surfaces
of the pin and box are disposed such as to prevent a radially inward deformation of the lip end, and the sub shoulder surfaces of pin
and box are disposed such as to limit a radially outward deformation of the lip end. The main shoulder of the pin has a greater radial
dimension than said sub shoulder of the pin, and at least the main shoulder surface of the pin is in axial abutment with at least the
corresponding main shoulder surface of the box.
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Description

Threaded Joint for Steel Pipes

Technical Field

This invention relates to a threaded joint for use in connecting steel pipes such
as o1l country tubular goods (OCTG) which include tubing and casing primarily used
for the exploration and production of oil wells and gas wells, riser pipes, line pipes,
and the like. More particularly, the present invention relates to a threaded joint for
steel pipes of the type having a sealing surface and a shoulder surface in addition to a
threaded portion and which has excellent sealing properties against internal and

external pressure and excellent compression resistance when repeatedly subjected to

combined loads.

Background Art

Technology used for connecting steel pipes used in equipment of the oil

production mdustry such as oil country tubular goods, riser pipes, and line pipes

includes threaded joints. Threaded joints for steel pipes are constituted by a pin

having a male thread element provided at the end of a first tubular member and a box
which is a female thread element provided at the end of a second tubular member.
The joint 1s tightened by engaging the male thread and the female thread.

Standard threaded joints are prescribed by API (American Petroleum Institute)
standards but in recent years, the environments for exploration and production of
crude o1l and natural gas are becoming more severe. As a result, there is increasing
use of high performance special joints referred to as premium joints which are not
prescribed by API standards.

In a typical premium joint, in addition to a tapered thread for firmly
connecting steel pipes, the pin and the box have sealing surfaces which can form a
metal-to-metal seal for providing sealing performance and torque shoulder surfaces

for acting as stoppers during tightening (make-up).

In the past, since vertical wells were predominant, it was sufficient for a
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threaded joint for OCTG to resist the tensile load due to the weight of pipes and to
prevent leakage of high pressure fluid passing through 1t. However, in recent years,
wells are becoming deeper, and deviated wells and horizontal wells which bend
underground are increasing, and the development of wells m difficult environments
such as in the sea or in polar regions is increasing. Therefore, the properties required
for threaded joints are becoming more varied and more strict as exemplified by
resistance to compression, resistance to bending, ability to seal against external
pressure, and ease of use in the field.

As a result, qualification tests for threaded joints are becoming more severe.
In the Series A test of recent ISO 13679 standards; alternances of internal pressure
and external pressure combined with tension or compression (internal pressure +
tension, internal pressure + compression, external pressure + tension, and external
pressure + compression) (herein referred to as repeated combined loads) are applied
three times. Such severe test conditions were not taken into consideration in the past
in the development of threaded joints.

As shown in Figure 2, a typical premium joint has a structure in which an
unthreaded portion 12 referred to as a lip portion is provided at the end of a threaded
portion having a tapered male thread 11 provided on a pin 1 which is a male threaded
element. A sealing surface 13 for forming a metal-to-metal seal is provided on the
outer peripheral surface of the lip portion. A torque shoulder surface 14 is provided
on the end surface of the lip portion (and accordingly on the end surface of the pin).

Naturally, a box 2 which is a corresponding female threaded element 1s
provided with a female thread 21, a sealing surface 23, and a shoulder surface 24 at
the rear of the box which correspond to or mate with the male thread 11, the sealing
surface 13, and the end surface shoulder surface 14, respectively, of the pin 1.

An overlap in the radial direction referred to as interference is provided
between the sealing surfaces of the pin and the box. This type of threaded joint 1s
designed so that if the joint is tightened until the shoulder surfaces of the pin and the
box contact each other, the sealing surfaces of both members are in intimate contact
around their entire periphery and sealing is provided by metal-to-metal contact.

The above-described sealing performance is exhibited to the highest degree
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when tightening is carried out with a suitable torque in the period from when the
shoulders abut until the shoulders begin to undergo plastic deformation (when a
normal tightened state occurs).

The shoulder surfaces act not only as stoppers for tightening but also act to
bear almost all of a compressive load acting on the joint. Therefore, if the shoulder
surfaces are not thick or if the shoulders are not stiff, they cannot withstand a large
compressive load.

Prior art for increasing the resistance to external pressure and resistance to
compression of a premium joint is described in WO 2004/109173 (Patent Document
1). That threaded joint greatly increases resistance to external pressure by providing
a portion which does not contact the box (referred to below as a nose portion)
between the shoulder surface and the sealing surface of the end surface of the pin. At
the same time, the taper angle of the nose portion is made 0 degrees (a cylindrical
surface) or is made smaller than that of the sealing surface. Due to the provision ot
the nose portion, a decrease in the thickness of the end surface shoulder surface 1s
prevented, and an increase in resistance to compression can be achieved.

However, in the threaded joint described in Patent Document 1, when a high
compressive force and external pressure are simultaneously applied, and when a
tensile force and internal pressure are subsequently simultaneously applied, it has
been found by the inventors that there can be a risk of developing a leak.

WO 00/08367 (Patent Document 2) discloses a threaded joint in which a tight
contacting region is provided in two locations of a lip portion, namely, a tight
contacting region near the threaded portion is defined as a sealing surface and a tight
contacting region near the end surface (shoulder surface) is defined as a protecting
portion. The protecting portion which is a second contact region provided in a
focation close to the end of the lip portion has the object of supplying a first seal to
internal pressure (and thus to protect the sealing surface) and to optimize the forces
and moments undergone by the lip.

In the threaded joint described in Patent Document 2, the amount of
interference of the protecting portion is set to be higher than the amount of

interference of the sealing surface (at least 1.15 times and at most 1.3 times) in order
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to retain a sufficient amount of contact pressure on the protective portion while a
moderate contact pressure is obtained on the sealing surface. In addition, as Patent
Document 2 incites to set sufficient distances from the shoulder to the protective
portion, from the protective portion to the sealing surface and from the sealing
surface to the thread, the lip portion is designed to be extremely long, so a sufficient
thickness (radial dimension) of the shoulder surface may not be obtained. As a
result, when a high compressive load is applied, the joint may not sufficiently
withstand the compressive load, and it is thought that 1ts compressive performance

may be inadequate.

DE 4446806 (Patent Document 3) discloses a threaded joint of the same type
as disclosed in Patent Document 2.

U.S. Patent No.4,473,245 (Patent Document 4) discloses a threaded joint in
which a metal-to-metal seal is provided on the exterior of the pipe and a torque
shoulder provides an additional metal-to-metal seal. In the threaded joint disclosed
in Patent Document 4, however, the thickness of a lip portion is designed to be very
thin, so it is difficult to ensure the resistance to high external pressure and high
compression.

U.S. Patent No.3,489,437 (Patent Document 5) discloses a threaded jont in
which a metal-to-metal seal and a shoulder are provided. However, in the threaded
joint disclosed in Patent Document 3, the lip portion is designed according to the
same rule as a typical premium joint in Figure 2, so it is not considered to ensure the
resistance to high external pressure and high compression.

U.S. Patent No. 3,870,351 (Patent Document 6) discloses a threaded joint
characterized by its shoulder surfaces having a particular profile. In the threaded
joint disclosed in Patent Document 6, the shoulder surfaces are rounded profiles (the
shoulder surface of one of the pin and box being convex and that of the other being
concave), and they function to form a second seal. This structure 1s intended to
equalize the contact between the sealing surfaces of the first seal by suppressing
misalignment or the flexure of the lip toward the pipe axis at the time of make-up.

Howeyver, in a threaded joint disclosed in Patent Document 6, although

equalization of the sealing contact or sealing pressure of the first seal is taken into
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account, it is out of consideration to use the threaded joint in a situation where a high
compression force and high external pressure simultaneously act thereon. As shown
in Figure 7 of this patent document, there is a space between the outer side of the
concave shoulder surface of the box and the outer edge of the convex shoulder
surface of the pin. In a situation where a high tension force and high external
pressure act thereon, the shoulder surfaces of pin and box can separate easily due to
the high tensional force and the tip of lip can easily be deformed or be moved
towards the outer side (that is, in the direction which expands the diameter).
Therefore, in a threaded joint disclosed in Patent Document 6, it 1s difficult to control
and suppress the deformation or movement of the tip of the pin towards the outer
side as described above. Furthermore, if the shoulder surface of the pin has a convex
profile, the innermost edge part of the shoulder surface of the box which is concave
is so thin that the shoulder surface of the box tends to undergo a heavy plastic
deformation when a high compression load is applied to the joint.

Patent Document 1: WO 2004/109173

Patent Document 2: WO 00/08367

Patent Document 3: DE 4446806

Patent Document 4: U.S. Patent No. 4,473,245 -

Patent Document 5: U.S. Patent No. 3,489,437

Patent Document 6: U.S. Patent No. 3,870,351

Disclosure of Invention

The object of this invention is to provide a premium-type threaded joint for
steel pipes which solves the problems of the above-described prior art and which has
excellent resistance to compression and which can greatly increase overall sealing
performance when subjected to repeated combined loads.

As disclosed in Patent Document 1, it is known that resistance to external
pressure is greatly improved in a premium-type threaded joint for steel pipes by
providing a nose portion which does not contact the box between the sealing surface

of the lip portion and the end surface shoulder surface of a pin.

However, when a high torque or a high compressive load acts on the threaded
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joint having a nose portion, the joint may sometimes develop leaks. The inventors
have found after thorough studies that a reason for developing leaks is linked to the
long nose portion which is not supported and can move in the radial direction (the
direction perpendicular to the joint axis); the shoulder surface at the end surface of
the lip portion of the pin thus unstably deforms in this direction, plastic deformation
develops due to bending of the entire lip portion, involving a risk for the sealing
performance produced by the metal-to-metal contact of the sealing surfaces located
near the threads to be impaired. Accordingly, in order to obtain good sealing
properties stably against internal and external pressure in a threaded joint for steel
pipes having a nose portion, a structure which prevents unstable deformation of the
shoulder surface of the lip portion of the pin is necessary. Furthermore, in order to
prevent unstable deformation while maintaining torque resistance and good sealing
properties against internal and external pressure, a structure which guarantees the
length of the pin lip portion and the thickness of the shoulder surface is necessary.
According to the present invention, deformation in the radial direction of the
end surface shoulder surface of the pin lip portion can be suppressed by making a
main portion of the shoulder surface (referred to below as the main shoulder surface)
to have a shape to cope with deformation towards the inner surface and by providing
a sub shoulder as a secondary shoulder to cope with deformation towards the outer
surface. Namely, the shoulder surface is immobilized so that deformation does not
occur towards either the inner surface or the outer surface. In order to maintain good
resistance to compression, most of the thickness of the pin shoulder surface is
occupied by the main shoulder having a gentle slope with the perpendicular surface
of the axial direction of the joint. The sub shoulder receives substantially no
compressive load, and it 1s sufficient for it to stop detormation in the outward radial
direction of the end of the pin. Therefore, the thickness of the sub shoulder 1s
preferably as small as possible. Only when high compressive load acts on the
threaded joint between the pin and the box, the shoulder surface of the pin 1s stably
supported by the shoulder surface of the box by abutment of both the main shoulders
and the sub shoulders, and unstable deformation in the radial direction of the end of

the lip portion 1s prevented, thereby ensuring good resistance to compression.
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The present invention is a threaded joint for steel pipes comprising a pin and a
box, the pin having a male thread and a lip comprising (1) a sealing surface and (11) a
nose portion provided with a shoulder surface, the box having a female thread, a
sealing surface and a shoulder surface, the male thread being interengaged with the
female thread, the sealing surface of the pin being in sealing contact with the
corresponding sealing surface of the box, the shoulder surface of the pin being
arranged at an end face of the pin, the sealing surface of the pin being located on a
pipe end side near the male thread, the nose portion existing between the sealing
surface and the shoulder surface, said nose portion not contacting a portion of the
box facing said the nose portion of the pin,

characterized in that the shoulder surface of the pin comprises two distinct
adjacent surfaces, main shoulder in the inner side and sub shoulder in the outer side,
and in that the corresponding shoulder surface of the box facing the shoulder surface
of the pin comprises two distinct adjacent surfaces, main shoulder in the inner side
and sub shoulder in the outer side, said main shoulder surfaces of the pin and box
being disposed such as to prevent a radially inward deformation of the lip end, said
sub shoulder surfaces of pin and box being disposed such as to limit a radially
outward deformation of the lip end, said main shoulder of the pin having a greater
radial dimension than said sub shoulder of the pin, at least said main shoulder surtace
of the pin being in axial abutment with at least the corresponding main shoulder
surface of the box.

Here, "the shoulder surface of the pin comprises two distinct adjacent
surfaces" means that the angles of main shoulder surface and sub shoulder surface
with regard to a plane perpendicular to the axis of the threaded joint are distinctly
different.

In preferred embodiments of the present invention the main shoulder surface
of the pin is a reverse shoulder surface having a negative angle with respect to a
plane perpendicular to the joint axis and sub shoulder surface has a positive angle.

"The main shoulder surface of the pin 1s a reverse shoulder surface having a
negative angle with respect to a plane perpendicular to the joint axis" means a

shoulder surface having an angle of slope such that the innermost portion of the main
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shoulder surface is to the rear of the outermost portion (the portion adjoining the sub
shoulder surface) in the advancing direction of the pin in tightening the threaded
joint. Similarly "sub shoulder surface has a positive angle" means sub shoulder
surface having an angle of slope with respect to its reference angle such that the
outermost portion of the sub shoulder surface is to the rear of the innermost portion
(the portion adjoining the main shoulder surface) in the advancing direction of the
pin in tightening the threaded joint. These angles of slope are then in a range
between -90 and +90 degrees.

In a preferred embodiment of the present invention, only the main shoulder
surface of the pin is in axial abutment with the corresponding main shoulder surface
of the box. There is then no substantial tight contact and more preferably no contact
at all between sub shoulders of the pin and the box. Sealing performance between
sealing surface of the pin and the box is accomplished more effectively.

In another preferred embodiment, at least a part of the nose portion of the pin
has an outside peripheral surface which is not in prolongation of the sealing surface
of the pin. "At least a part of the nose portion has an outside peripheral surface
which is not in prolongation of the sealing surface” means that the shape of the
outside surface of a part or the whole of the nose portion i1s substantially different
from that of the sealing surface.

Said part of the nose portion having a different shape from the sealing surface
is preferably a region extending for at least half the length 1n the axial direction of the
nose portion and is thus named a main part of the nose portion. For example, said
(main) part of the nose portion can be a cylindrical surface which 1s not sloped with
respect to the axial direction, or it can be a tapered surface with a small angle of
slope. A region which is the remainder of the nose portion 1s preferably a region
shorter than half the axial length, and it may have the same shape as the sealing
surface (namely, it may be an extension of the sealing surface).

In other preferred embodiments, the absolute value of the angle of the main
shoulder surfaces of the pin and the box is from 5 to 25 degrees with respect to a
plane perpendicular to the joint axis (namely, the angle of the main shoulder surface

of the pin is in the range from -3 to -25 degrees), and the angle of slope of their sub
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shoulder surfaces are from 5 to 30 degrees with respect to the joint axis (from +60 to
+85 degrees with respect to a plane perpendicular to the joint axis), and the angle of
slope of the sealing surfaces of the pin and the box is in the range of 5 to 25 degrees
with respect to the joint axis. The angle of slope of the sub shoulder surfaces (with
reference to the joint axis) is preferably larger than the angle of slope of the sealing
surfaces. As a result, even if the shoulder surface deforms in the axial direction, a
decrease in the sealing performance due to deformation of the sealing surface 1s
prevented.

In order to increase resistance to compression, it is advantageous that the
thickness (radial dimension) of the shoulder surface at the end of the pin be made as
large as possible and that the cross section of the portions closer to the end than the
sealing surface (namely, the nose portion) be made as large as possible. To this end,
in its main part as defined hereabove, the nose portion preferably has a smaller slope
than the slope of the sealing surface and the sub shoulder surface with respect to the
joint axis. Specifically, the shape of the outer surface of the main part of the nose
portion of the pin can be made a cylindrical surface (with a slope of 0 degrees with
respect to the joint axis) or a frusto-conical surface having a slope with respect to the
joint axis which is smaller than the slope of the sealing surface or the sub shoulder
surface with reference to the same axis.

If the outer surface of the nose portion contacts the inner surface of the box
after tightening of the threaded joint, there is a risk for the sealing performance of the
joint being damaged. Therefore, in order to prevent this contact with certainty, a gap
(radial distance between non contacting surfaces) of at least 0.1 mm is preferably
provided between these surfaces in the above-described main region of the nose
portion. The inner surface of the box in this region preferably has a shape similar to
that of the nose portion of the pin, and the gap between the two is preferably made
uniform in the main region.

As aforementioned in the explanation of "at least a part of the nose portion has
an outside peripheral surface which is not in prolongation of the sealing surface", a

partial surface of the nose portion of the pin adjoining the sealing surface may have

the same slope as the sealing surface.
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The junction between the sub shoulder surface and the main shoulder surface
of the pin preferably forms a rounded apex having a radius of at most 1.5 mm.

The sealing surfaces of the pin and the box may both be a frusto-conical
surface, but making one of the sealing surfaces a frusto-conical surface and the other
sealing surface a curved surface of rotation (torical surface) having a radius of
curvature of at least 20 mm or a combination of a curved surface of rotation and a
frusto-conical surface increases the sealing performance of the joint.

The sub shoulder surfaces of both the pin and the box are preferably frusto-
conical surfaces. The main shoulder surfaces of both the pin and the box are
preferably frusto-conical surfaces, but it is also possible for one to be a projecting
curved surface (convex torical surface) and the other to be a recessed curved surface
(concave torical surface) or a combination of such curved surfaces with planar
surfaces as disclosed in WO 2007/017082. As an alternative, the main shoulder
surfaces may have a stepped shape as disclosed in US 4,611,838, such step shape
preventing an inward deformation of the pin end.

The thickness (radial dimension) of the main shoulder surface 1s preferably at
least 1.5 times the thickness of the sub shoulder surtace.

In a premium-type threaded joint for steel pipes according to the present
invention, a nose portion which does not contact the box is provided at the end of the
lip portion of a pin, and the shape of the shoulder surfaces of the end surfaces thereof
is made a double-shoulder structure having a main shoulder surface and a sub
shoulder surface, whereby good compressive performance is obtained. As a result,
the sealing performance when a combined load is repeatedly applied 1s greatly
increased, and leaks no longer occur in a Series A test according to ISO 13679

standards.

Brief Description of the Drawings

Figure 1 is a schematic cross-sectional view of the vicinity of the lip portion of
a threaded joint for steel pipes according to the present invention in which the main

portion of the nose portion is a frusto-conical surface.

Figure 2 is a schematic cross-sectional view of a typical premium joint for
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OCTG of the conventional coupling type, (A) being a partial view showing only one
side, and (B) being a view of the entirety.

Figure 3 is a schematic cross-sectional view of a threaded joint for steel pipes
according to the present invention.

Figure 4 1s a schematic cross-sectional view of the vicinity of the lip portion of
a threaded joint for steel pipes according to the present invention in which the main
portion of the nose 1s a cylindrical surface.

Figure 5 is a schematic cross-sectional view of the shape of a thread.

Figures 6(A) to 6(D) are schematic diagrams illustrating grooves formed on
the shoulder surface of a pin. Figure 6(A) is a partial perspective view, Figures 6(B)
- 6(C) are end views, and Figure 6(D) shows an axial profile of a pin and a box near

the end of the pin.

Figures 7 and 8 show grooves formed on the shoulder surface of a pin.

Best Mode for Carrying Out the Invention

Below, a threaded joint for steel pipes according to this invention will be
explained while referring to the drawings.

Figures 1, 3, and 4 are schematic cross-sectional views of a threaded joint for
steel pipes according to the present invention. This threaded joint is one type of
premium-type threaded joint comprising a pin 1 and a box 2. Accordingly, the pin 1
comprises a threaded portion having a male thread 11, and a lip portion 12 situatéd
on the front end side of the threaded portion and having a sealing surface 13. A
shoulder surface is provided on the end surface of the tip of the lip portion. As
shown in these figures, the sealing surface 13 of the pin 1 is usually positioned
adjoining or in the vicinity of the threaded portion of the lip portion 12. The box 2
has a threaded portion having a female thread 21 which meshes with the male thread
11 of the pin 1, a sealing surface 23 which can sealingly contact the sealing surface
13 of the pin (to achieve a metal-to-metal contact seal), and a shoulder surface which
contacts the shoulder surface of the pin in the axial direction of the joint.

As shown 1n Figure 5, the male thread 11 of the pin 1 and the female thread 21
of the box 2 are both tapered threads, with the diameter of the thread crest and the
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thread root gradually decreasing towards the end of the pin. Similarly, the sealing
surfaces 13 and 23 of the pin 1 and the box 2 are tapered surfaces which decrease m
diameter towards the end of the pin.

A portion of the male thread closer to the tip of the threaded portion of the pin

s 1 (the side adjoining the lip portion 12) may be a non-engaging thread which does
not mesh with the female thread 21 of the box 2. In this case, as shown in the figure
3, a circumferential groove 32 is preferably formed in the portion of the box 2
opposing the non-engaging thread of the pin. In this manner, the stiffness of the lip
is increased and the resistance of the joint to compression is increased. With the
10 same object, the wall thickness of the pin and the box may be increased towards the
shoulder surface (the inner diameter is decreased) by swaging or upsetting.

The lip portion 12 of the pin 1 has a nose portion 16, which 1s a non-
contacting region which does not contact the opposing portion of the box, between
the sealing surface 13 and the shoulder surface at its end. Therefore, the length of the

15 lip portion is increased compared to a usual premium joint shown in Figure 2 which
does not have a non-contacting region forward of the sealing surface of the pin.

In the present invention, the end shoulder surface of the pin 1 has a two-level
structure comprising a main shoulder surface 14 on the inner surface side of the joint
and a sub shoulder surface 15 on the outer surface side of the joint. The thickness 46

20 (the thickness projected on a plane perpendicular to the joint axis) of the main
shoulder surface 14 is larger than the thickness 47 of the sub shoulder surfacels.
The main shoulder surface 14 of the pin 1 is a reverse shoulder surface in which the
angle 42 with respect to a plane perpendicular to the joint axis 1s a negative angle.
On the other hand, the angle of the sub shoulder surface 15 with respect to a plane

»s  perpendicular to the joint axis is positive. Of course, the shoulder surface of the box
2 which contacts the shoulder surfaces 14 and 15 of the pin 1 correspondingly
comprises a main shoulder surface 24 on the inner surface side of the joint and a sub
shoulder surface 25 on the outer surface side of the joint.

With a usual premium joint, compressive performance of approximately 40 to

30 60% of the yield strength of the pipe body is demanded, and in some o1l wells,

compressive performance exceeding 80% is necessary. Of course, a compressive
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load is borne not only by the shoulders but also by the threaded portions, and if
threads having a good ability to bear a compressive load are used, the load on the
shoulders can be decreased to that extent. However, the lip portion thickness 41 (the
wall thickness of the pin at the middle of the sealing surface 13) is made at least 25%
and preferably at least 50% of the wall thickness of the pipe body so that the lip
portion will have the resistance to compression demanded of it.

The greater are the thicknesses of the sealing surface and the nose portion of
the lip portion, the greater is their ability to seal against external pressure, so when a
chamfer 17 is formed on the inner surface of the end of the lip portion in order to
prevent turbulence by increasing circularity, the angle of the chamfer 17 with respect
to the joint axis is preferably a rather small angle in the range from 9 to 30 degrees.
Although this is not the case in Figure 1, 3 and 4, a chamfer with a shallow angle
may similarly be provided on the inner surface of the box 2 adjoining the pin 1.

The shape of the sealing surfaces 13 and 23 of the pin 1 and the box 2 can be
made a straight line which is sloped with respect to the joint axis or a curved line
such as a circular arc (the former will be referred to as a frusto-conical surface and
the latter will be referred to as a curved surface of rotation), or it can be a surface of
rotation formed by rotating a line segment which 1s a combination of both lines
around the joint axis (namely, a combination of a frusto-conical surface and a curved
surface of rotation). Preferably, the sealing surface of one of the pin 1 and the box 2
is made a frusto-conical surface, and the sealing surface of the other is a curved
surface of rotation or a combination of a curved surface of rotation and a frusto-
conical surface. As aresult, the sealing performance of the joint is increased, and 1t
becomes difficult for galling to occur.

If the slope 44 (angle of slope) of the sealing surfaces 13 and 23 with respect
to the joint axis is too steep, 1t leads to a decrease in the sealing contact pressure at
the time of a tensile load, while if the slope is too gentle, it becomes easier for galling
to occur due to an increase in the sliding distance. The slope angle 44 of the sealing
surfaces is in the range from S to 25 degrees and preferably in the range from 10 to
20 degrees. When tapered threads are employed, the slope angle 44 of the sealing
surfaces is larger than the slope angle of the threads 11, 21. For example, the slope



10

15

20

25

30

CA 02703249 2010-04-21
WO 2009/060729 PCT/JP2008/069295

14

angle of the threads is between 1 to 5 degrees and preferably around 1.6 degrees.

If a reverse angle of at least a certain amount is imparted to the main shoulder
surfaces 14 and 24 of the pin 1 and the box 2, the deformation of the lip portion
when a compressive load is applied becomes uniform spreading in the direction of
radially outward, and the sealing performance of the joint increases. However, 1f the
reverse angle is made too large, excessive plastic deformation may occur in the main
shoulder surface 24 of the box, thereby impairing the effect of stabilizing
deformation and decreasing the sealing performance of the joint. Therefore, the
reverse angle 42 of the main shoulder surfaces 14 and 24 is such that the absolute
value of the slope 42 of the main shoulder surface 14 of the pin 1 with respect to a
plane perpendicular to the joint axis (which is actually a negative angle) 1s from 5 to
25 degrees and preferably from 10 to 20 degrees.

The sub shoulder surfaces 15 and 25 of the pin 1 and the box 2 act as stoppers
which suppress excessive outwards deformation of the end of the lip portion 12 of
the pin 1. Therefore, the sub shoulder surfaces 15 and 25 do not contact each other
in a normal tightened state. When a high compressive load is acting or an excessive
tightening torque is applied, they contact and suppress outwards deformation of the
lip portion.

The geometric diametric interference (difference in diameter measured at a
reference plane before tightening the pin and box) of the sub shoulder surfaces is
made at most 1.1 times that of the sealing surfaces, and preferably it is made
substantially equal to the geometric diametric interference of the sealing surtaces.
The expression “substantially equal” allows a variation up to 5%.

By designing sub shoulder surfaces 15 and 25 of the pin and the box so as to
have nearly the same interference as that between the sealing surfaces 13 and 23 in a
normal tightened state, the entire lip of the pin will bends inwardly (decrease in
diameter) due to the effect of the interference of the sealing surfaces of the pin and
the box, and the sub shoulder surface of the pin will bend inwardly by at least the
same amount as the interference of sealing surfaces, so contact will not take place

between the sub shoulder surfaces of the pin and the box.

However, it is permissible for the sub shoulders 15 and 25 to contact each
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other in a normal tightened state. In this case, the contact pressure of the sub
shoulders is made at most 50% of the contact pressure of the sealing surfaces so as
not to have an adverse effect on sealing properties.

The normal tightened state means that the pin and box of a threaded joint are
tightened to reach a proper tightening torque which is prescribed by the manufacturer
of the joint the according to the shape and material of the joint. In the normal
tightened state, the shoulder surfaces (the main shoulder surfaces in the case of a
threaded joint according to the present invention) of the pin and the box contact each
other with a certain amount of interference without overall yield or extensive plastic
deformation.

The slope 43 of the sub shoulder surfaces 15 and 25 with respect to the joint
axis is made at least 5 degrees and at most 30 degrees (namely, the slope with respect
to the direction perpendicular to the joint axis 1s at least +60 degrees and at most +85
degrees) and is preferably greater than that of the seal (slope 44) from the standpoints
of guaranteeing enough thickness of the main shoulder surfaces 14 and 24 and

suppressing deformation of the shoulder surfaces in the direction perpendicular to the

joint axis (the radial direction).

Preferably, the sealing surface of the piﬁ, the outside surface of the nose
portion of the pin and sub shoulder surface of the pin are not aligned and wherein the
sealing surface of the box, the inner surface of the portion of the box facing the
outside surface of the nose portion of the pin and the sub shoulder surface of the box
are not aligned.

From the standpoints of maintaining resistance to compression and resistance
to torque, the thickness of the sub shoulder surface 15 of the pin 1 (the thickness
projected on a plane perpendicular to the joint axis) is made smaller than the
thickness of the main shoulder surface 14. Preferably, the thickness of the main
shoulder surface 14 of the pin 1 is made at least 1.5 times the thickness of the sub
shoulder surface 15, more preferably it 1s made at least 2.5 times and at most 6 times,
and still more preferably it is made at least 3 times and at most 5 times.

The length 45 of the nose portion 16 of the pin 1 (namely, the length 1n the

axial direction of the whole nose portion, that is to say, non-contacting region of the
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pin and the box, including sub shoulder surface region which may be in contact with
the box) varies with the size of the threaded joint, but if it is too short, the effect of
increasing sealing properties against the external pressure disappears, while 1f 1t 1s
too long, the effect of increasing sealing propetrties saturates. In the range of pipe
sizes used in OCTG (an outer diameter of approximately 50 to 550 mm), 1t 1s
preferably made approximately 4 to 20 mm.

In order to increase the resistance to compression, it is advantageous that the
thickness of the shoulder surface of the end of the pin 1 be made as large as possible
and that the volume of the portion of the lip portion 12 closer to the end than the
sealing surface 13 (namely, the nose portion 16 and the shoulder surface 14, 15) be
made as large as possible. To this end, the outer surface of the nose portion is
preferably a cylindrical surface (having an angle of slope with respect to the joint
axis of 0 degrees) or a frusto-conical surface having a slope with respect to the joint
axis which is smaller than the slope of the sealing surface and the sub shoulder over a
partial region thereof in the axial direction and preferably over a main region having
a length of at least one half of the length in the axial direction. In this case, the inner
surface of the portion of the box 2 opposing the nose portion 16 1s preferably made a
cylindrical surface or a frusto-conical surface (for example with the same slope or a
substantially similar slope) like the shape of the nose portion over at least half the
length in the axial direction so as to form a uniform gap from the outer surface of the
nose portion.

In an embodiment in which the outer surface of the main part of the nose
portion 16 is made a frusto-conical surface (namely, a tapered surface) (shown 1n
Figure 1 and Figure 3), the inner surface of the box having a frusto-conical shape
which opposes the main part of the nose portion functions as a guide, so it becomes
possible to perform tightening while centering the lip portion of the pin, whereby the
sealing surfaces 13 and 23 of the pin 1 and the box 2 stably contact and the sealing
ability is increased, and galling can be prevented. In the case that the outside
peripheral surface of nose portion of the pin and the inner surface of the portion of
the box opposing nose portion of the pin have a portion having a substantially frusto-

conical shape, the taper angle of them is preferably less than 10 degree.
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On the other hand, in an embodiment in which the nose portion has a
cylindrical surface (Figure 4), the thickness (46 + 47) of the shoulder surface and the
thickness 41 of the sealing surface 13 can be made as large as possible within a
limited pipe wall thickness, so the resistance to compression is increased. Even in an
embodiment in which the outer surface of the nose portion 1s frusto-conical, the
thickness of the shoulder surface can be maintained close to that in an embodiment
with a cylindrical surface by making it possible for contact to take place at the sub
shoulder surface at the time of tightening.

If the outer surface of the nose portion of the pin contacts the inner surface ot
the opposing surface of the box after tightening, there is the possibility ot the sealing
ability being impaired. In order to prevent this contact, the gap (radial distance)
between the outer surface of the main part of the nose portion of the pin and the inner
surface of the opposing portion of the box is preferably at least 0.1 mm in a normal
tightened state of the threaded joint. The gap is preferably at most 1.0 mm since a
too big gap may cause the inner surface of the box to lose its ability to guide the nose
portion of the pin during tightening.

However, as shown in Figure 4, a partial region of the nose portion 16
adjoining the sealing surface 13 of the pin 1 may have the same slope as the sealing
surface 13 (namely, it may become an extension of the sealing surface and have a
clearly different shape from the main part of the nose portion 16 (a cylindrical surface
in the illustrated example)) and/or a partial region adjoining the sub shoulder surface
25 in the portion of the box 2 opposing the nose portion may have the same slope as
the sub shoulder surface 25 (it may become an extension of the sub shoulder surtace
and have a clearly different shape from the inner surface of the portion of the box
facing the main part of the nose portion of the pin). As a result, not only the etfect of
nose portion but also the good performance of tightening while centering the lip
portion of the pin is accomplished. In this case as well, the main part of nose portion
16 clearly has a different shape from the sealing surface 13 and the sub shoulder
surface 15 on both sides thereof.

The junction between the main shoulder surface 14 and the sub shoulder

surface 15 of the pin 1 forms a rounded apex 49 with a radius of at most 1.5 mm. As
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a result, the contact area of the main shoulder surface and the sub shoulder surface
can be maximized, and an increase in resistance to compression and suppression of
deformation in the radial direction of the shoulder surface are achieved.

As discussed earlier, a threaded joint according to the present invention can
exhibit a high performance under compression due to a nose portion which is
provided near the tip of a lip portion of a pin so as not to contact the opposing
surface of a box and due to a two-step shoulder structure having a main shoulder
surface and a sub shoulder surface for the shoulder surface at the end of the pin.

However, a greasy lubricant which is a fluid used at the time of make-up of
the threaded joint may remain in the space 50 between the pin and the box formed 1n
the area of the nose portion (hereunder, the space will be referred to as nose space).
At the completion of make-up, the pressure in the nose space 50 1s increased by the
lubricant confined in the space, and the increased pressure may cause the contact
pressure between the sealing surfaces 13 of the pin and the box to decrease and thus
impair the sealing ability of the joint.

In a preferred embodiment of the present invention, the shoulder surface of at
least one of the pin and box has at least one groove or bleed concavity extending
from the nose space to the inner surface of the threaded joint. Thus, the groove
extends across both the main shoulder surface and sub shoulder surface of the pin
and/or box. It is possible to locate a portion of the groove on the shoulder surface of
the pin and the remaining portion thereof on the shoulder surface of the box. Thus
the nose space 50 communicates with the interior space of the threaded joint through
the groove. Therefore, when the pressure of the fluid confined in the nose space 1s
increased, it can escape into the interior space of the threaded joint through the
grooVve.

The fluid in the nose space can be allowed to escape by a through-hole
extending inside the shoulder portion, but the formation of such a through-hole 1s
rather ditficult.

In a particularly preferred embodiment, as shown in Figures 6(A) - 6(D), at
least one groove is provided on the shoulder surface of the pin.

In the case shown in Figure 6(A), the shoulder surface of the pin which is the
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end surface of the lip portion has a groove comprising two groove portions, 1.€., @
first or outer groove portion 51A and a second or inner groove portion 51B. The
outer groove portion 51A extends obliquely across the sub shoulder surface 15, and
the inner groove portion 51B extends obliquely across the main shoulder surface 14.
Figure 6(B) shows an end view of the lip portion having three grooves each having
two groove portions 51A, 51B located along the circumference of the lip end. Figure
7 shows a photographic illustration of a pin end having a groove with such two step
orooves on the shoulder surface.

In order to achieve the above-described function, the groove portions 51A and
51B must communicate with each other. To this end, as shown in Figure 6(D), along
the innermost circumferential portion of the box shoulder which opposes the apex 49
of the pin shoulder (the junction or interface between the main shoulder surface and
the sub shoulder surface of the pin), a concavity 52 can be provided as a connecting
channel so as to extend from a point opposing the inner end of the outer groove
portion 51A to a point opposing the outer end of the inner groove portion 51B,
whereby the groove portions 51A, 51B on the pin shoulder communicate with each
other through the concavity 52 extending along the circumferential apex 49 on the
box shoulder. Alternatively, this connecting channel between groove portions 51A
and 51B can be achieved by forming a chamfer or concavity on the surface of the pin
shoulder along the circumferential apex 49 so as to extend from the inner end of the
outer groove portion 51A to the outer end of the inner groove portion 51B. More
preferably, such connecting concavity or channel can be formed on both the pin
shoulder surface and the box shoulder surtace.

As shown in Figure 6(C), the outer groove portion S1A and the inner groove
portion 51B may be positioned such that they directly communicate with each other
(namely, the inner end of the outer groove portion 51A is connected to the outer end
of the inner groove portion 51B). Figure 8 shows a photographic illustration of the
shoulder portion of a pin end having an outer and an inner groove portion directly
connected to each other. This arrangement dispenses with the formation of a
connecting channel as described above, although grooving (formation of grooves) is

somewhat easier when the outer and inner groove portions are located in the same
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circumferential positions as shown in Figure 6(A). In either case, forming grooves or
bleed concavities can be performed using an NC (numerical control) machining
system.

In another embodiment, the outer groove portion 51A on the sub shoulder
surface and the inner groove portion 51B on the main shoulder surface can extend 1n
a radial direction rather than in an oblique direction as shown in Figures 6(A) - 6(C),
preferably such that these two radially-extending groove portions are directly
connected to each other. In this case, the length of each groove portion is minimized
so that fluid can escape easily, and grooves can be formed without an NC machining
system. However, a special groove forming machine 1s necessary.

In the embodiments shown in Figures 6(B) and 6(C), three grooves each
comprising an outer and an inner groove portion for establishing communication
between the nose space and the interior space of the threaded joint are provided at
equal distances along the circumference of the shoulder surface at the pin end. There
may be at least one such groove, and there is no upper limit on the number of
grooves, although eight is enough. Preferably, the pin and/or box shoulder has from
two to four such grooves.

The cross-sectional shape of the grooves is not restricted, but they should have
a cross-sectional area sufficient to allow fluid to pass therethrough. The depth of the
grooves is preferably at least 0.1 mm and more preferably at least 0.2 mm. In order
to prevent a significant decrease in performance of the threaded joint under
compression due to a decrease in the contact area of the main shoulder surface caused
by the formation of grooves, the circumferential length of each of the inner and outer
oroove portions is preferably such that each groove extends over at most 180 degrees
along the circumference of the shoulder surface. Thus, if three groove portions are
provided on each of the main shoulder and sub shoulder as shown in Figures 6(B) or
6(C), each groove portion preferably extends along an arc with an angle of 180
degrees or less and more preferably with an angle of 120 degrees or less.

The grooves may be formed on the shoulder surface of the box instead of the
pin. When a plurality of grooves are provided m the circumferential direction, some

of the grooves may be formed on the pin with the remaining groove or grooves on
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the box. When a groove comprises an outer and an inner groove portion as shown in
Figures 6(A) to 6(C), it is also possible to form the outer groove portion on the pin
and the inner groove portion on the box, or vice versa.

The shape of a threaded joint for steel pipes other than that described above
may be the same as that of a conventional threaded joint for steel pipes of the
premium joint type.

For example, the male thread 11 and the female thread 21 of the pin 1 and the
box 2 of a threaded joint for steel pipes according to this invention may be tapered
threads like those of a typical conventional threaded joint for steel pipes (such as a
trapezoidal thread specified by an API buttress thread or a thread having trapezoidal
shape derived from the API Buttress thread shape). There have been many proposals
concerning the shape (for example, the angles of slope of the stabbing flank and the
load flank of the thread, the chamfer, the gap between stabbing flanks, the separation
between crest surfaces and root portions, and the radius of curvature of rounded
portions) of a tapered thread for a threaded joint for steel pipes, and any of these may
be employed. For example, although not shown 1n Figure 5, a chamfer (a change in
level produced by beveling) may be provided in the stabbing flank (the side surface
of the thread on the right side in Figure 5) of one or both of the male thread and the
female thread.

In a tapered thread of the male thread 11 and the female thread 12, the crest
surface and the root portion of each crest can be made parallel to the taper of the
tapered thread, but preferably they are made parallel to the axial direction of the jont.
By doing so, problems due to deviations of the stabbing angle at the time of
connecting operations in the field can be decreased.

As is well known, threaded joints for steel pipes include coupling types and
integral types. In a typical coupling type, a pin 1s formed on the outer surface of both
ends of steel pipes to be connected, and a box is formed on the inner surface of both
sides of a coupling, which is a separate member. In an integral type, a pin i1s formed
on the outer surface of one end of a steel pipe, a box is formed on the inner surface of
the other end, and steel pipes are connected without using a coupling. The present

invention can be applied to either of these two types of threaded joints for steel pipes.
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Examples

In order to 1llustrate the effects of this invention, a Series A test according to

ISO 13679 standards was carried out on the five test pipes shown in Table 1.

Test pipes #1 to #5 shown in Table 1 have the basic shape of a coupling-type
threaded joint (T&C joint) for OCTG shown in Figure 2. They were three sizes of
casing measuring 9-5/8 inches, 53.5# (outer diameter of 244.48 mm and wall
thickness of 13.84 mm), 10-3/4 inches, 60.7# (outer diameter of 273.05 mm, wall
thickness of 13.84 mm), and 10-3/4 inches, 65.7# (outer diameter of 273.05 mm, wall
thickness of 15.11 mm).

The material of the pipes was an L80 material (carbon steel) ot API (American

Petroleum Institute) standards. For comparison, #4 was a Q125 material (carbon
steel) according to API standards. The length in axial direction of the nose portion
45 of the pin and the length in axial direction of the non-contacting main region 48 of
the nose portion are shown in Table 1. The outer surface of the main region of the

nose portion and the opposing inner surface of the box were both a frusto-conical

surface as shown in Fig.1 for test pieces #1 to #4 or a cylindrical surface as shown in

Fig.4 for test piece #5. The separation between the pin and the box in the main part

of the nose portion was 0.2 mm for test pieces #1 to #4 and 0.9mm for test piece #5.

The angle of chamfered portion 17 is 15 degree for all test pieces. The test results of

a Series A test according to ISO 13679 standards are also shown in Table 1.
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As shown in Table 1, even if the size or material of a joint according to the
present invention changed, there was no occurrence of leaks whatsoever, and there
was a clear difference in performance compared to a joint outside the scope of the
present invention, for which leaks occurred.

The present invention was explained above with respect to a specific
embodiment, but this explanation is no more than an example, and the present
invention is not limited thereto.

In particular the ones specialized in the art will understand that the present
Invention may symmetrically apply pin and box with a box sealing surface located on
a lip extending at the free end of the box and a box shoulder located at the free end of

the box, all features disclosed hereabove being transferred from the pin to the box

and vice versa.



CA 02703249 2013-01-30

25

What is claimed 1s:
1. A threaded joint for steel pipes comprising a pin and a box, the pin having a male
thread and a lip comprising (i) a sealing surface and (i1) a nose portion provided with a
shoulder surface, the box having a female thread, a sealing surface and a shoulder surface,
the male thread being interengaged with the female thread, the sealing surface of the pin
being in sealing contact with the corresponding sealing surface of the box, the shoulder
surface of the pin being arranged at an end face of the pin, the sealing surface of the pin
being located on a pipe end side near the male thread, the nose portion existing between
the sealing surface and the shoulder surface, said nose portion not contacting a portion of
the box facing said the nose portion of the pin,

wherein the shoulder surface of the pin comprises two distinct adjacent surtaces, a
main shoulder in the inner side and a sub shoulder in the outer side, and in that the
corresponding shoulder surface of the box facing the shoulder surface of the pin comprises
two distinct adjacent surfaces, a main shoulder in the inner side and a sub shoulder in the
outer side, said main shoulder surfaces of the pin and box being disposed such as to
prevent a radially inward deformation of the lip end, said sub shoulder surfaces of pin and
box being disposed such as to limit a radially outward deformation of the lip end, said
main shoulder of the pin having a greater thickness in a radial direction of the pin than said
sub shoulder of the pin, at least said main shoulder surface of the pin being 1n axial
abutment with at least the corresponding main shoulder surface of the box,

at least a part of the nose portion of the pin has an outside peripheral surface which
is not in prolongation of the sealing surface of the pin, and

the sealing surface of the pin, the outside surface of the nose portion of the pin and
the sub shoulder surface of the pin are not aligned and wherein the sealing surface of the
box, the inner surface of the portion of the box facing the outside surface of the nose

portion of the pin and the sub shoulder surface of the box are not aligned.

2. A threaded joint according to claim 1, wherein the main shoulder surface of the pin

is a reverse shoulder surface having a negative angle with respect to a plane perpendicular

to the joint axis.

3. A threaded joint according to claim 1 or 2, wherein the sub shoulder surface of the

pin has a positive angle with respect to a plane perpendicular to the joint axis.
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4. A threaded joint according to any one of claims 1 to 3, wherein only the main
shoulder surface among the shoulder surfaces at the end of the pin is in axial abutment

with the corresponding main shoulder surface of the box.

J. A threaded joint according to any one of claims 1 to 4, wherein the sub shoulder
surface of the pin is designed to interfere with the sub shoulder surface of the box, the
geometrical diametric interference, which represents a difference in diameters measured at
a reference plane before tightening the pin and box, between the sub shoulder surfaces of

the pin and box being equal to or less than 1.1 times the geometrical diametric interterence

between the sealing portions of the pin and box.

6. A threaded joint according to claim 5, wherein the geometrical diametric
interference between the sub shoulder surfaces of the pin and box is substantially equal to

the geometrical diametric interference between the sealing portions of the pin and box.

7. A threaded joint according to any one of claims 2 to 6, wherein the angle of the

reverse shoulder with respect to a plane perpendicular to the joint axis is between 5 and 25

degrees.

8. A threaded joint according to any one of claims 1 to 7, wherein the shoulder

surfaces are substantially frusto-conical.

9. A threaded joint according to any one of claims 1 to 8, wherein the main shoulder
surface and the sub shoulder surface of the pin can be supported by the corresponding
main shoulder surface and the sub shoulder surface of the box when they receive

compressive load.

10. A threaded joint according to any one of claims 1 to 9, wherein the sealing surfaces

of the pin and the box are sloping with regard to the axis of the threaded joint of an angle

comprised between 5 and 25 degrees.
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11. A threaded joint according to any one of claims 1 to 10, wherein the sub shoulder

surfaces of the pin and the box are sloping with regard to the axis of the threaded joint of

an angle comprised between 5 and 30 degrees.

12. A threaded joint according to any one of claims 1 to 11, wherein the slope of the

sub shoulder surfaces is greater than the slope of the sealing surfaces.

13. A threaded joint according to any one of claims 1 to 12, wherein a main part of the
nose portion of the pin is in a clearance fit with the facing portion of the box with a

minimum clearance fit value of 0.1 mm on diameters.

14. A threaded joint according to any one of claims 1 to 13, wherein the slope of the
sealing surface of the box, the inner surface of the portion of the box facing the outside

surface of the nose portion of the pin, and the sub shoulder portion of the box 1s

monotonic.

15. A threaded joint according to any one of claims 1 to 14, wherein the pin comprises

a rounded apex between the sub shoulder surface and the main shoulder surface, with a

radius lower than 1.5 mm.

16. A threaded joint according to any one of claims 1 to 15, wherein one of the sealing
surface of the pin and of the sealing surface of the box is a frusto-conical surface and the

other sealing surface comprises a torical surface having a radius of curvature larger than

20 mm or the combination of the said torical surface and a frusto-conical surface.

17. A threaded joint according to any one of claims 1 to 16, wherein both sub shoulder

surfaces of pin and box are frusto-conical surfaces.

18. A threaded joint according to any one of claims 1 to 17, wherein the radial

dimension of the main shoulder is at least 1.5 times greater than the radial dimension of

the sub shoulder.
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19. A threaded joint according to any one of claims 1 to 18, wherein the outside
peripheral surface of the nose portion of the pin and the inner surface of the portion of the

box facing said the nose portion of the pin have substantially cylindrical shape.

20. A threaded joint according to any one of claims 1 to 18, wherein the outside
peripheral surface of the nose portion of the pin and the inner surface of the portion of the

box facing said the nose portion of the pin have substantially frusto-conical shape, the

taper angle is less than 10 degree.

21. A threaded joint according to any one of claims 1 to 20, wherein the shoulder
surface of at least one member of the pin and box has at least one groove which extend
from the space between the nose portion of the pin and the portion of the box opposing the

nose portion to the interior space of the threaded joint.

22. A threaded joint according to claim 21, wherein the groove comprises a first
groove portion formed on the sub shoulder and a second groove portion formed on the

main shoulder which directly communicates with the first groove portion at the interface

between the sub shoulder and the main shoulder.

23. A threaded joint according to claim 21, wherein the groove comprises a first
groove portion formed on the sub shoulder and a second groove portion formed on the
main shoulder which does not directly communicates with the first groove portion at the

interface between the sub shoulder and the main shoulder, the second groove portion

communicating with the first groove portion through a connecting channel.

24. A threaded joint according to claim 23, wherein the connecting channel 1s a

concavity formed on the shoulder surface ot the box.

25. A threaded joint according to claim 23, wherein the connecting channel is a

concavity formed on the shoulder surface of the pin.

26. A threaded joint according to claim 24 or 25, wherein the concavity is formed by

chamfering or grooving.



CA 02703249 2012-02-23

1/4

45

ISy TI U
-! . =8 '.I.. (.

r = . .
[ 24 . AV
l. .. g . *
’ = o« P 44
] ' R RL
z T L . ‘.‘. e

iy . .
TR ] B I D STO R - R W ¥
o T AT R PRy s ' .
S LN f' YDA g N h At T

-;J‘ . D.\‘
AL LT

a .
FI"
~

—

W )
LN BRI R I

.
BRI T

¢ "'-'pls,.
[ TN |

: ) v ;' R
AR TN “'Q. «
PR / 47
.'; N 1. .
BHVRE SR

FFTAC C P IPLE

i R -

s b

R o

]
—

a'® -
S

“n
I-”"-
Y

, .,-:\;r;w-'_btt-l_,;];

.

-1\
—r

Ay

-—

L4
Y3

‘A

e ;?R:
TS e 4

s
T

e

.
- -
Ny ROF s
T X :
JE

..‘.f‘ - l}

v ' -
<. g .

..' ‘
-Aan'A

DR
T |
’

fim? e
P
<
h

. ?!"'_'4

A R 13"‘3{
R

Pt L RO S
P TR LA

rat

h

N
s ¥ g, ayd
....;'ﬂ

T
i
VAT skt 2

1\l-l'.-.‘7

-t T
- st
el

"

S0
; -
PRE TR R

M
f

i
-t
CL il A
‘?.l “'W\..'.
- D
~--_
“ 0.

-e
> g
T -
- .l't-

4 .
“a
47,
L
-t e
;'.‘,!()

v B
L -
N R

Y
'

< 'g.; DR

-y ced

-t
N

Flymi

£ -¥. -
L ]
Coen e

*T' .
“
avt
L r
15
S
L LI
L
[ Vgt
1:- )
— e

) o m-
T

\'_I

‘q;"-
.t

1+ 30 .:“.,._.'-.
.J\_»",J'..'"‘I.TI;‘.

-~

]
!|,‘.

4

- , { v ., iy . . . 1.1
* e e, " - . : ) . * - . e ‘I_L\“ J“ i rr . p o4
L*?I‘.-‘".Y-’-"F’" . « . PR ) uf § " -"E‘-:u. “asd s
N : - Lo

-.r;.-" ‘_' ~.l‘.?',:

LR
.

Fig. 2(A)
RIOR ART

T,

Pl

A
e

24

L
\\‘ \‘ ";? ” "/f;{'
R '\\,{ 7,

AN

11 13 14

Fig. 2(B) -
PRIOR ART

»” )7, ’ s PP N
AR

// ALY YN Q :
e A I R

)
|



WO 2009/060729

Fig. 3

-
. ) > L4 .- 4=
Q
d
r 0
-
v
v
a '-
-,
) . q
~ - - o= - 4 -
-
-
<
4 $
»
v
4
-~ f
'
-
- v
.
T
-
’
4
'
)
s -
-
>
vy — v
” D

r
.
+
o
L
N S
.
¥
! .
A -
-
TR
D
w
A
hy Q
5 \

Y

CA

N
' b
<
¢ >
4
4 2
'
f
x -
X
B Y oy
.
’
- -
=
t
a
X
. .
d
~
=
&
L
-D-
.
X '
=
1
—ix
4
I
-
N )
- e
.
4
-4
~
N
ar
LI e
s B
= A
'.
J o~
b
L
4
St A
- ’ )
5

AL A
S LA T
;;..’.*. r,.i\“f'

n

ol

?

’
b Y
2

Y
3
v

Al

02703249 2010-04-21

2/4

.
Foa
i ‘* . ¥
N : Y A %
>
v F ’ 014 ke
v f 4 Y
: 6 MsqAa TR 3
(3 e Y
A . "
-
% 2 o
o Jrd ! i ’H ¢ +
S -
[ 4
& 3
f
. . -
\
A
(]
- .
S
- .~
i
.'s e
’
A . oo - N
3 A A
v, A

: WS,
- lwshn(nTy. v F ead ~ &
c - - . :' >\~‘

. . i.l'-d

i 2 MR :
R B LR ;. "-;E
< >

N

MY !
S & r_,.". %
Igva 31 ‘(i ’
¢ K= » wlyer
- v .
-

1 N
("?“-!drol y-

1

L)
Th
FAT,

PCT/JP2008/069295

- .
v 5.
i ; o
- 1 4 . d
i
& > , a3 I D ,
AN > e 1 £ -,
A X o
g 1 o z :
J ‘ : %
- . 14 - -~ 3 Vi a4 § -~
L4

24
42

SUBSTITUTE SHEET(RULE26}



CA 02703249 2010-04-21
WO 2009/060729 PCT/JP2008/069295




PCT/JP2008/069295
4/4

CA 02703249 2010-04-21

WO 2009/060729

e T K ™
g —' A ua v
-4 . M{ u rr [
lll . .-\ uﬂlrl _‘O.a
L A .l-
. ..-A. -. - - R - gl
RO A i D Ny Qe R I e
3 . LT L e
o.. LA D 7 r ‘Ii - - i ¢ as ) - : : ..J-.m.ﬁ‘ 2 sﬂ 3
e Rt K G .
Ao 3 N\._n;..f\vb’?.dd‘ =il ) > .H.l - . s - . " .ol = E
4 .-.M..w u... g ﬁ.ﬂﬂ-q%“tﬂc-ﬂm.ﬂnlﬂ.ﬂ“wwbﬂft A Pt 4 'y R - " s e 5 > :
. » % ¥ . (N.“w....nhfﬂnav.\..—!ﬁuqr:ﬂ Fe'Tl~a 1&
L T A ) ROEFTE

Smaaes -..v..

‘ll Iil-“u“m.“hﬂ'“m.-dmlldmm‘ -

-
- a ‘exr=rup
e R e e WL R RS o -$ . - - o - " a.\.... 1« A ]
vy M Mc-:.h P E . * . Srseda
' .y -~ 494 JGE - L .- rly
G e vndat REY ERLCC . - -
> oAl iwepaan ) . u~c...aN.-.-.W9s .ﬂ ‘e ﬁm.;. - -
quf;unv t¥carCorvoran b P - - -, Yask - nﬂ.. -
A.u.nw L) dcl- AT LT ol 2 T [k L E ) v - S s X) = -
h- Farary Evbyrep uo.-t.-ag\ L4 " - i) H
e ERELE LI L PR LERE ) . JEFINNANF oA IERENN N ¢ A - - . e
¢ rayy PPLYFAIPTEN T e Kb ryrer “ﬂs: o =-“rotonr
[y 3 e AINFATARACSYaTiy a e S
FBPE N, rere L) LA R III‘IQI-Nﬂ.“- [ ] . o . -~ . prT e, . reer
rrEs Y. Fvee . N A Ao AL T~ Ak B . . : P T u..um?
PR ErEEARE R N :‘M‘- reami-rey M 2N ﬂ. -..:.\!-!‘ PP - a - . i 2.1 P rren [
A - r ﬂ X4 s DA LR (1 QJFNI-F el P - . . - - i .-..ln\
AL R .MM Lkl L) - R T A L e O A Ay Y Lokl Ta 4l PN TN T St pwp-wrape re € aw.tvi b » r -— g - - s O {4 o
" oA T \ S AN MR Ly e e 320 814 g - 14§ e A e, ey ....amf:a...va SO R S TEL R ERr e B T -
o el .| o I LY 2 LR A e v rrrint e ol e X DT o o \..\.N\.@. T IS [ . ', WS TR oy -
o C 0 F) (] :v.cfaan.&x«c..oa.vnnv. vyl np ..-lull.w- - TN ...hn > DR N EIRCE Sl T B T 2 - - — - - wrFadr YT
M AR Al i SRl 2 LK s A ot Y o Torn i L] of r-p = " PEPIE T YIS 11-\-..\\-.--;101 - rrlk : . L -~ > [
e LA -ﬂ!: 4 - .- - e rus=gpeaaay N. b LA R RN R S LY DL RX Y -..a.aoﬂ..d.c.a LA 0A) - -
LR L AL Syhvssl ) ] - o - W < R LY AU N L LT O ey bl A b at AR L TR L] ’
Tk g&ﬁo - »r an e rafay R T T Lk oy -3 a.v..-..maﬂi-..-'s Rt R Y - )
A - A L P L T L Y 3 €rp e, UL -
e 1. . D R AL T ELRT e b a a -
"nny - - . --pre -ntb-"lv f’)\SMu“q.. ..w © - - 2 &
1 - < o - . ) Ll Rl L5 WL MRS L ) A s . i . A
; : > 4 - 2907 119wy § 4
- ’ * PIWrRAS BANANY | oy
- . qryeime ' - 4
- . n g s ~
"3 » (2 XL XD >
= 1] d!m.f.‘--ﬂv-. yaltErrLor .l 4
" r.. . .cﬂ (4 oad rer ne == yECs A
- H ) At ) p AR L) - afq-
- * var o f v AruTiepripwesl el iekrarrrs =
- - -~ - LA R Rl g s 4N 1Y .
»r ‘1 ] . ¢ bl 113 [ rs vetere -
s N sqq~e WIWTWAS
ERLLE) A (R [} ' Rk L
[ 13 3 1 . { N8 AN g
aav- o 4- Y K LS Y 113
Phany e gy h - . A y Gu-.n.a.a-.-lun '
T AP 54 » - JAEaR 3y -
o ml} ..a-!d;h Nva Pt © - -~ T lu ¥epu
- O [0 [L] ) r m‘u- ﬂﬂ\ ﬁtvﬂ.ﬁ;laﬂh--u\-. - B . . . AL R AR ’
Ry ' - - ~ANANANP )W
- .- : v ' ' npsCo R PR - FIErE v
: V4 it AL X f Senng SR
. =wa
r ¥ " » L -.-.J.VM-A..-A...-.J. m-lu.f.;;..a.‘cln -4 -aJ.-..J
L N 1y RECTFOIFETIP I AN ear PPT' raEMNTIIS PREREr e “hrevpopd
- ) ke i LD LA L LR E R PLY S5 ondltﬂnul._.vh. = (s TV -
e e Ay a_.ﬂ-rvfa\v reperEnr rApcr PXyrrererer lai.m!m\ M
. . -5 "~ ) W ARl R 7 - LR R DA LGN L) \u...:waﬂ.: ™ ) >
—_u 1 ' \ PrAS by rrras e R s =ryy . Ll L3 Al “.1nn. - ney »,
[JA . 48 D .-n.n AvaAsINIIINYY - h.- u.-l
- o » ire .u:?.!._....?r-e....q. sy (3414 el 2 gl R Y] (121 .
) ._tﬁ\né Y L = - T RN AR PR AV w, - LD aa\w .t.vt.-daén..v-*..-..w L CEEFITL
AN, buwu..xﬂu!.a..c - | T us.:..._m/.un: A AR D T A 1 T " frocks .&vha -
FLEXRIE LR - O stk LA ", i A X Y T £ATE Sl sl -..M.Mm.w.....:..u.- N AR T eV e d
Y ee ﬂ- — ' ’Wl& ‘e a ) - n..ul‘oﬂsc Jc W-ﬁ&:lﬂr:;].-‘- ~ 39NN 1TAYE 1Y Ak, -ur\-lﬁ\l ln.t na\‘.n -lha!siﬁh‘-v‘d...cad fhlﬂﬂ!‘ ll-l-
L O LRGN LA 4 % N RS A S Sy RO o P bl
Y A - : e B A A TR B Ll T oati ) A X
. - ™ -
ey Oy BEA AT, S ;- %) LA T A AL g BT R uas
3 - § jnay TR R E £l ) . . ¢ U s LAY _.\W\auvn.d.u-.s a4 i T R Y Iy ¢ F)
!-.v(-ﬁrh.‘ ar T A - hl K . . A hP’.Q\‘c\d- P Y ey =g |!duVL(. -’w‘!‘bl (% EFEFE A
o STy ns Gy e e ry rN I 3 ' A, SAATArT AN o _fadan (NS Ue. At b ks RERNTLREEL) R R A | t Srrrrroxgfl :
RO T A ’ - n.\ww I T e, (350 A RER E BN
' g . » - . - v .
Ty T e A n Bl 3 A g A < RS e g I i A ML S =L AT AN TN I AAS AN AP LY D W ~ 213N 1= 4N )
= AR EAPRP . pua=r D et -e - 4.\“.’ rodl lasgl tPrecacpdl g0 Yl v ey vy Byot r A==y YL S L rrepers g .- - L A L Y LT
R Ty v | (A Sy D o et L R N e T F Tty L Y- SR At P W I8P TRy i eI LI WA TNy g
') e pver. ¥ rea=r T - (K - et R NP S TN e e, Agy. a..._ﬁ.:.-.. twfc._!.o u! g 0 » - - PPFAEP
ik s a...nrs_....l o = N ﬂ.‘.-wm-.\p.n.-bl - u....uw.\. A A o L L Ll Ty - e
» ~ErNCE. = ..._.Jv:. ‘- [ RS ) &) IR ) -:.‘Ju- S T T T P S ) rdvcr - . : o Y
P e g .w 1vr Tt 3 L) |ﬁ| T WA 3 ety Y S TR T A INY L e = LS
1V Te 7 EAT A rELS Y TR i e Y Ty l-orw B LAl AR :%wl ¢ - - .
oL L AR A L SC S o) V- T PR R Ivﬁaﬁu‘ 4P T TG g DL NIV Pam i
. RS R PRRE o Ky e e . g - T 3T AV Yy puraz e ey Sry iy an Ty el ey LYY m\
L) hakh L . ny ) [ 1 Al Nl et 1] o AL EERE L L R q F) s - LE)
- S e -~ -p ) L0 - PeRe Ty TRy - arvrvxswdinne Yot g % N X
-.ﬂ.@ Lt o o DOR) > L) LK NI PEARAT TR NG i Te A g ¢ U J hmbl )
0 T L Ly R 7 o e 5 v)«..MH .q.‘.w.\p'ﬂ.? 4nov-vu- DT Bt P mnwﬂm..mwn.- X AP LrEnn) AL LA
€ -ﬂ-...‘f.; BTN 7 R ; - e d T R T T R T TN Py e e - fr e
AT LRI L) WA T BTN N A ) e 8 1y dE Dy Aphviey - TANgv s Qﬁl
D . WNee drermagva .\*A ‘b o a ~= A-»-r'l- Car TN phae e, .W-\Nﬂ(ld\.:.. . g p ue »
W3 aa- g T 431 A - (o LT P Gl TR Pt A A (AR It Cp i i . .&d\uf.&}. st g e . - :
" !-.lsn.l\.l- (LARS [ {] - (M EOC® Trgirs = =0 50Ty rhog = A Ul aps—n 30 -Zgmies g ey, -Mid\ﬂ...v e I S LY d - . - - 4
= R b LR g a .F 3 3B ied TIAIAS I L TN g 1N AN I P, Yk 80N 8 AT Ay A e oy .r.r:.!.ﬂu -
P Ay L - = - . e -, L - S S SO Y T ol L] TATR R SN e RULep gy 57 rrrny ] m - .
NEave Tn-aban ~ L) - - Tt skt LIveN Ry T, S A ea gy (] 2 e ) b CA P Joa g s AR T NG Ny g«.{z e LEL) . . 2P
SRNRPCEP vy /€ ~ThaE b ' ' v < FIAT AN P LS IR BNy e v P -‘.v:..-.wﬂlc. =t ARy et pEar DT Ca Ty seyeswr - m.! 1
X L) I®SI= 082G - et 3 L) . ] P B L R - Tputr, - Peie-303 vas . WEACNS P PR T N ey R .\ﬁn uhwmﬂ = . .f ‘oau .
“EPrS S - RV & » - rye =g e =AY AT PATC-N" rpe= Sr—r w Nvuvqﬂ‘ul\ﬂ-.l-- - |-M--f.! -Nav ~ rer . Ires rrgrrprans h=Pun jLuppra,y 1.\&-
“H e U 1“. W % ~ar Iy v, LF ROk ek ofv '3 .al*a)doﬁﬁnn&-ﬁooslru-ll . %y J‘!U}Jhﬂuh 3 r .- - - oo - R e e R LR P T LY X T2 Y -
[ [ <fnre N "ge3hy ey’ . . pr- » " i AL g FEre whfep-~seg -L.3- gurrragsy (S 4t Al £ .- - . R e U SR LT I XL s 1k 1T i
X [ -Oaua-\n- - ﬂi < WO e ad Arles Fiy Fr . 4]v\..$w.rh ~(exXqr. - + Wt e ey . sgdinaTan) NJYs3qeyvgres r? (LI )]
u rer .-y — - -h . f-( - WO =y . - [“wwpris rroge |&n ve .WSM - o - - T T L d L L S L L L L rENE 5
Y P AT O - > ' - AR e iEuamecafe ayeue LGLS . # L R R YR KV PR Y P E X )
8 .~ ....M.:q. - L " v -~ * ‘A.+o (ded e rrTs L¥agpup v-h.— S (L L
v -u.v LA LA P 4 = sirncy -.l.f.. MEnaugs ﬂ.‘ A . : 2vavYVie
» - b LR SR YR 1., = - - - VigrTrar 475 e \-\.l“ﬂ ARES b - SEirrearrxec
L4 o hd MR T L) . " 3 EF) LeNag .-.-\ - PRIV NGy e hpeg s ™ e wT Ty T
[ v - L . ' .v-,..lo-v ~e . L) 1Zarers 2 ' " -, Al T A T STIT SO
SO A T nanAe - -~ . FAURRAE) wewly e S e LR F L) 1 - SR UL Ll LEE LA Lt KT
(] AR K At N » . ‘hevels- v P ANV S RPErLA 4 -~ \\..&ﬁ.ﬂ Y r ey s eprey veers e
r ) nyvEe 17 33" yWnae - ) s Yk} [y WP331 VIOV AT IS AR CT A3 - . I e R LK L r G e e
[/ s L v -- ~xorer- ol e e CrT e . & re N-.._W-..qtt L -~ T e =N v AN TR
& : s R ) -fw..m“.v : .. : : ; N N R ‘e - TR Ty, R
(1] = qunti S Sapger. ' e v r il rry av lﬁ“uﬁ 2 - - o o oo FACA
LL) L) - N s.mu nanerty W’ 1, " * . r - Ll CAAARLEL - EERE R .- " . o . - X N - SR
of [ 2 ﬁ- !n’d‘-.\lf.t 4 <o -n( M 3 a.. Iu .4\0“ Y * L W n-!u....-Jl.sih!.Jlesad !.u;nr‘-ﬁ@!#alnx..‘d.ﬁ %ﬂaﬂ.@l - L NLE) = — 1ot . lav!cneﬂ-ﬂh-
o T o 1L Y KRR LAE kbl - ? e S e L) s ahr e T AR EAPER . i T e
e nrvﬂ - - " - ~ : .
] \ -Vdva\a.-..( - o.n."..v - ’ P/ ‘N..ak..a-.z.. #rapy bl B -.u.px.!v.h..a a.wﬂv.n._hwo.ut:.r-‘ﬂd-rc |.n$»| -wx 3 " - hw . l-...-.v-—I
YTET) 12 B L LA m.h.ns.f - 2 . - ) NIRS x AL 2O A R T DS £ L ) F Gk B 2 a e LF . .- . £ ~ LECHL
o T A o R X e A S A T vIEER ke $ % A R Y A R SR T L DX Y 2Ly t - - . = Mz
l' FNRNN Hlb . A .= et > ™ ¢ oy aa!-%s ‘assiercedy .Iaby l.f.‘&\ NS h- ™ .. - 0)
& . LT 0 mf‘.. X AR i . " .y 4 hﬂ.hhzfn:..ﬂ%f..«f. 3T ....:M.Nhra..\n.uo.ldt \uq)..s ~3ay .I”W‘. .ty ) . . >, _ TR )
. [ ] - = . - v = - - - - - - -
e LRSS RTINS % SR . e ¢ : Ty e, A L s A . . T e F ot
rr Y rEr AT P S ‘Cre- - 2 3 1 . . v.
1w YNqIc=ahey ® L) NI I LA M o o - - -
1L e 1 » Enregrn Ao yepres - 4 4 & - - ~
oo O T T AR 3 ' \ - 4 5
: RiAL A e g ' " P . AR 2 P Py e
S At - Ly “ ' b N S5 N wperp-seravey,, s
- . - - .%o . L)
. ' ' -~ . - “. '
A . % . - -
- < - * : - v
] e v , : » n.%l» -
3 - -~ s -y m R 1
rerap or { H A._ . .- 'ylnn .\lt.ur-lc) k2 snppra EPFPEPEPr LR --..:cc-.‘h.-d
e R Moy LR ; o r PRI 75 AN R e KR
J -sp - - -gh - -
RN - oS R RN AG sV E LKA R R N 4 L R
: \ f - - e e o L o LR Lo L A AN Al AR
. r v ad L o s S N -ﬂﬂ v
- -\a . - *° ) USRI TR J.F-ﬂna..
L) - - " . - s ENLFr -!luﬂl LT
t B ' " : b y ErE P ERR S 122
nr - g ’ )
g L A4 - < ] lw.w”chu- f
L dld s al - - A
L E NG >
rrra i 1 . A
)
!‘!\9 Ar_ 13
241 3
-~ -
- R -t b R
; e BT S T T YA
L) PIETPP' Py 1 =4 4~
. -
)
LR AR RS MO
- swprpapEpnary “FPFEFCTEITPIy -
e LA LR AL 1NN T dANANY
'
" 1
- -
LLE) ! = -u..illarﬂ..
roRr » - cny
s cr it
2 I-‘\ !l-‘-d . an l‘uJ-.C-qu-
N ﬂﬂ.m NS gy y
X33 1~h\-.uv.~ ' o ! [PRAr <= =w=-=p P . . -n..uaﬂmwﬁ.o. 3A%)
DL EAR R AL RETE L) ot L 1Y 'Yy ey . [ ALLA
» Mﬂﬂ-“wrr \U‘NPN u- NEASP wSCe Sy p-npy - -ﬁs - - " l-rl-...
LREEL] AR SN TRT IS p hﬁ-.u. "1 a3 AR .. . . [ AL
L e T T LA St ATATIENE L - “at oy
CELE) - <! . CLE] (K =srrr < wuw SRR ey - §rervy 1. s A |
VA . o S PR Ry rr et 0 Xg . - “Laen
MR AT L LN \J.ﬂl-ﬁh. MR L WTTeyey [ A LS
- - Ll SEsTaN
Y - .ha
mhq 47 2 . P
. L
) ., M LS
; ) % eyt
) [X/ ¢ . = -
S 's - = n v
vpreran - - . ~ . -
S e ? . v i 2
-y o
= T8 AN 1 . E) ) 4. .
AR RA ALY L L) ad ﬁ?:\q\. AL -M - ' - " { ~xe <Y
L PR L L) VAT EL L STA0 A AN s ANLA I ET . - - - 4 -
M » . Ly " .f!‘hln-.u:. »y -1-l.-a-v RACRI TS v »” . 1%, A
f .um-v‘- ..-Jnr ...J.a\q-ai- vﬁ-ﬂu.; Py .‘.ﬂw .ll.-qm.ﬂwhu.hv:t&. o L - - = .....:u.t.n - -~ o ) » “ == arafan 4 M
LA { X1 J . n.:u—..n. ..z.-f_,.qdﬂcdamoa}_wta - 2T H - - u.\lf.. - A . 0 bﬁ l.u D e~ _a Ak nh. O
et r - - - uﬂw F | A-H L) aps T [
nebr z3 (5 . - 15—~ o 0 SEpre”, K N
aa iy " - ] [ () L) )
= 5 0P - < - e - ] » . = » ﬂllﬂ'..w
E) . o Yom . <, " - . [} L) O
- e Al < detneanrer e P P e T
- : - L o3 [ ndb &a L) *fl J L™ L)
*wrfraz-y bt =r | \tﬂ_. &2 -~ aper i A-._ sPERN
TLELYRY W - '_wa.u-: fe= AWy - L ) LK > . . k) R F L)
rarhes (-2 a-.‘?f: wagr= - ..,..w,v. 4 A U .
AR CAD I .a.f...u.-"-.,.... i, S oeaE l«sn-..aqu.n.na we % A 1 > s
= el b NAgl 7 £ /,-J«ac,‘ll,}--...lha - -mauuv-tufn P TR - ety ye ... . Cal [} . e
A L L N T T L i L L g Tl il 17 £~ ' - e
) l:ah-a,n- saswmyqafy sve g0y aJI-Jhc\-azdana Nr=ywey n' - -
whrye e 1. Iraw- FCAWMANERR L oarLprwetessiEra,y [3 S~ N
LIPS I e I ey -.-#\:ﬂnﬁ-du-ﬁsn MLALECALE LR P YL . TN L) -
LY B A Iy Tt T A R LA T A X " . e . AL
2 ivsegvaavaax "lhﬁa\.wqai - o " - X i
r'yy LA TG (A ST T 4 LA
quyesgiyasiy asa. SISV IP IS ’ -
Pe "L, RANE Mump .-vw.{.- v~ " -
AT R R R L T T e (Lt -~ -
“Pepr- s i A A g L I T e . 3
T e,y aaﬁlﬂ's.la als anl‘U?O.a.Jn- .l_- 2 .ﬂ. . ]
P-l._-k.aJ A b Y O % - .~ b
. , Py
P -
- - - - - - a
AT AT, i e e P
AT ¥ T ACPRC A aanm- N ) - L: Ly
€Iy ey R T LR T a L Lo - . - e
R e R s e L -
S L vt o LD T
S Friladyrr rrovvpn, . -
. 7 e feyey -
€L
: "
R
2 ‘- - -
F.\_wuv...u'u:...vus.-!.\ . 3 - - -
e A -
WIVNA are Trancy -~ <
P.M, . (X QL X -
sdb = vqre-rhyy » b Gl
Is Sy ~arar ] L
5 -
h
™ 4
A X
L ES - u
AT e }
X8 5 A s
3
.
. ma
» -
. .un.m -~ Uu-....n:,.hh.. n.r .
n.-m 2 <, O
Ty

e
PR 1L
ANe-r -
3Tyve Ty
T e ey
amL =X v
O "
R LR
" s
L AT o “Te TNV
rer pagus rool o .
)-u.r-:.h-ﬂ.kﬁ - ) .
Eeuinr LA e Ay
R lse) 9 . A
MAREE L Oy ST N T I

A e s h e T 3 A g s ]
ke ie: were o, R
P ATy A v L ' . -

(RS
. (X 30
o 3 i L. J -
".a - = L} . - e B LT A . -
Iy AT A SIS OOEL ¥ LR BT Ao e S ARV X
.y C ) - ‘- -
MUAR LY SL T LA --a\l..la..#n-..\moﬁ'a foa. - -
L AR Y oL
- - . saws
AR L s 2R T

- e errwerryeuupr
..

)
A~ Ten
+ sqlualah

vﬂtzkrl«-.-s!uu\ ﬁ..!:-.a.....lg
a....jﬂ- 1.1..-....-0.-.!!.4“4 A.Fa 40_". 1..§d LS

et A A L T L T ol--..-.mq!.n- (3 T regL=erp re H Bl
D Ll Rt O n_.aal.r.._.l mSAviaNTY

< o Mﬁ L Er Rl LA L )
o rre Sy P AR L ey . rer (3 ) - .-..a
R LR Ly A g Rl X " ol dd e ol o. .a./u.._.a-a. R Y by
LA O LA e I A g, -
AT AR RNAE EELE RS ok ALY SRR NS n '
i R T L e 1y
AL LA ISR RT L L R b -
SFPERRPTRET = py == prpep e OIS L
, R

L rres

T o~AT
-yl pe
- 111k’ AN

RES ST PRFYS T,

Tamme




32

-AAt .

e

4

3
3
2
.

rum.llul-.\'
—e

g
I ] |

WL YHidp.
A S
B R 4
RN et

A b
a L
3. -0 A.‘..V.v.

| . et B &
- e .r.“.d S
- .. . H.. .A...Ar.w

- v
"

— fe -

. - 1T s Al -
.a[Tr.._..._‘.»...} L1 fY .,
h.rrn. LU I A L 4

TE e M. 4P e ‘w1
¢ v daymm =8
. - .

A 1\-'.4~

[
2
e
~ I
Ty

3

Ny

.}

v

\.)ﬂlu’......?tulm 1. et
- T B L :
“- ' ) -
w242 r

- 20

R BN
- . H.l.‘.

.. M wmw eyt R
. --.-—\ l...lf_J: "
=t . i I iy
ul v o [AR SN T
. s om0 S hme
- . . stk o,
V. wwme - ST o n
R i -~ ra
- ' - —
Ya. Mew.a 7
= . Taar, - ~
\\.wll .'..l‘! e Q
" 4 vz
- - > v, =ul
[ S WL R B
o - 'mL-

o
1 -l !

-y
“eply ! .
J—M.f T 2 _.._I_llr'.nilw TS, )

P DL L | ont e S - AT

'
. -
o o

ta 1)

-, 1 F,

f....w'ali.r

:
LA TG Sl

— d s._*..
syiat e %ot
. V.....rn.s..b.u.r#, ul..w ..u
- st T

-~ -

SLELT SERSPE LSRR B L AT

..m._l Tn.L:l\“..v..._...m.Jc. . .m_-- - ,..“f _\..nun..‘,lv P

i e e RN TES

(I T
- - -.}‘ et A

PR £ ¥ L S
A

[ ..u )

e -
LR N el 4 [ A
Ml.rf|.s..,|s1u.o '

ar¥i. = bgm --

R LR L

T ISR P R N



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - abstract drawing

