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(57) Abstract: A tubular connection includes a pin member and a box member. The pin member has a first thread structure and a
helical torque shoulder spaced axially along the pin member from the first thread structure.. The box member has a second thread
structure and a second helical torque shoulder spaced axially along the box member from the second thread structure. The first
thread structure and the second thread structure are sized and located to control a stab position of the tubular connection, and in the
stab position the first helical torque shoulder does not engage or axially overlap with the second helical torque shoulder. A method
of joining tubular members utilizing a helical torque shoulder is also provided.
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TUBULAR CONNECTION WITH HELICALLY
EXTENDING TORQUE SHOULDER
CROSS-REFERENCES
[0001] This application claims the benefit of U.S. Provisional Application Serial
No. 61/730,720, filed November 28, 2012, and U.S. Patent Application Serial No.
13/798,330, filed March 13, 2013, the entireties of which are incorporated herein by
reference.
TECHNICAL FIELD
[0002] The present application is directed to tubular connections and, more
particularly, to a tubular connection having a helical torque shoulder arrangement.
BACKGROUND
[0003] The Oil & Gas upstream production industry drills wells of ever increasing
depth and complexity to find and produce raw hydrocarbons. The industry routinely uses
steel pipe (Oil Country Tubular Goods) to protect the borehole (casing) and to control the
fluids produced therein (tubing). Casing and tubing are made and transported in relatively
short lengths and installed in the borehole one length at a time, each length being connected
to the next. As the search for oil and gas has driven companies to drill deeper and more
difficult wells, the demands on the casing and tubing have grown proportionately greater in
terms of both tensile and pressure forces. The developing technology of deviated and
horizontal wells have exacerbated this trend, adding to the casing and tubing requirements
a further consideration of increasing torsional loads.
[0004] Two general classes of connectors exist within this field. The most common
is the threaded and coupled connector, wherein two pin, or male threads, which are
machined on the ends of two long joints of pipe, are joined by two box, or female threads,
machined on a relatively short member, a coupling, with a larger outside diameter than the
pipe, and approximately the same inside diameter. The other class is the integral
connector, wherein the pin member is threaded onto one end of a full-length joint of pipe
and the box member is threaded into the second full-length joint. The two joints can then
be directly joined without the need for an intermediate coupling member. The ends of the

pipe body may be processed further to facilitate the threading of the connection.

[0005] A thread profile is generally defined by a thread root, a thread crest, a stab

flank, and a load flank as generally shown in Fig. 1. In a conventional thread, the
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"included angle", the angle between the load and stab flanks is positive, meaning that the
width of the thread crest is less than the width of the thread groove with which it is initially
engaged. Hence, the pin tooth is easily positioned into the box groove as the threads are
assembled by rotating one member into the other. In the final assembly position, either or
both of the crests and roots may be engaged, and clearance may exist between the load
flanks or the stab flanks. This allows the thread to be easily assembled. As reflected in the
exemplary thread position shown in Figs. 2A (stab position), 2B (engaged position) and 2C
(fully made-up position), this clearance avoids the case of the load and stab flanks
developing positive interference with its mating surface, which would cause the thread to

"lock"” and not fully engage.

[0006] A number of advancements over the years have given rise to "premium"
connections. One can generally characterize these connections, compared to the
connections specified by API (American Petroleum Institute) and other like organizations,
in that they feature: 1), more sophisticated thread profiles; 2), one or more metal-to-metal
sealing surfaces; and 3), one or more torque shoulders. The torque shoulder(s) are a
mechanism used to geometrically position the metal seal(s) and to react against the threads
to resist externally applied torque, while maintaining relatively low circumferential stress
within the threaded section(s) of the connection. The torque resistance is a function of the

torque shoulder area.

[0007] Another type of thread system that has been used in this field is known as a
"wedge" thread, which is formed by a system of dovetail threads of varying width or
varying pitch. This type of thread arrangement allows threads to easily be engaged and
assembled, and yet to develop positive interference between opposing flanks of the thread
in the fully assembled position. The wedge thread generally has a greater torque resistance
that other premium threaded connections. The "wedge thread" has certain disadvantages,
the principal one being that it is far more difficult to manufacture and measure than a
thread with only a single pitch. Manufacturing a wedge thread on a taper further increases

the difficulty of both the threading process and the measurement process.

[0008] Any discussion of documents, acts, materials, devices, articles and the like
in this specification is included solely for the purpose of providing a context for the present
invention. It is not suggested or represented that any of these matters formed part of the

prior art base or were common general knowledge in the field relevant to the present

mpfm A0133547927-v1 120528799 2
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invention as it existed in Australia or elsewhere before the priority date of each claim of

this application.
SUMMARY
[0009] In a first aspect the invention provides a tubular connection, comprising:
a pin member having:

a first tapered constant pitch threat having a root, a crest, a stab flank and a

load flank;

a first variable pitch helical torque shoulder surface spaced axially along the
pin member from the first tapered constant pitch thread, the first variable pitch

helical torque shoulder surface is non-tapered;
a box member having:

a second tapered constant pitch thread having a root, a crest, a stab flank and

a load flank;

a second variable pitch helical torque shoulder surface spaced axially along
the box member from the second tapered constant pitch thread, the second variable

pitch helical torque shoulder surface is non-tapered;

the pin member and the box member configured such that in the stab position the
first variable pitch helical torque shoulder surface does not engage or overlap with the

second variable pitch helical torque shoulder surface.
[0010] In a second aspect the invention provides a tubular connection, comprising:
a pin member having:
a first threat structure;

a first variable pitch helical torque shoulder surface spaced axially along the

pin member from the first thread structure;
a box member having:
a second thread structure;

a second variable pitch helical torque shoulder surface spaced axially along

the box member from the second thread structure;

rhmm A0133547927-v1 120528799 3
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wherein the first thread structure and the second thread structure are sized and
located to control a stab position of the tubular connection, in the stab position the first
variable pitch helical torque shoulder surface does not engage or overlap with the second

variable pitch helical torque shoulder surface.

[0010A] In a third aspect the invention provides a method of joining tubular length of

oil country tubular casing or piping, the method comprising:

utilizing a first tubular member having an associated pin member with a first
tapered constant pitch thread structure and a first variable pitch helical torque surface

spaced axially along the pin member from the first thread structure;

utilizing a second tubular member having an associated box member with a second
tapered constant pitch thread structure and a second variable pitch helical torque shoulder

surface spaced axially along the box member from the second threat structure;

engaging the pin member and box member with each other into a stab position that
is defined by interaction of the first thread structure and the second thread structure, in the
stab position the first variable pitch helical torque shoulder surface does not engage or

overlap with the second variable pitch helical torque shoulder surface;

rotating at least one of the first tubular member or the second tubular member such
that interaction between the first thread structure and the second thread structure guides the
first variable pitch helical torque shoulder surface into cooperating alignment with the

second variable pitch helical torque shoulder surface.

[0011] In one example, the first thread structure and the second thread structure
may be respective tapered constant pitch threads and the first and second helical torque

shoulder may be formed by respective non-tapered structures.

[0011A] The present invention therefore provides a threaded connection that has high

torque characteristics with relative ease of machining and production cost.

[0012] The details of one or more embodiments are set forth in the accompanying
drawings and the description below. Other features, objects and advantages will be

apparent from the description and drawings, and from the claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 is a schematic profile of a thread form;

rhmm A0133547927-v1 120528799 3A
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[0014] Figs. 2A, 2B and 2C show a portion of a connection in stab, engaged and
make-up conditions respectively;

[0015] Fig. 3 shows an exemplary premium connection with a cylindrical torque
shoulder surface;

[0016] Figs. 4 shows an embodiment of a connection with a helical torque shoulder
that runs into a cylindrical torque shoulder;

[0017] Figs. 5 and 6 show another embodiment of a connection with a helical
torque shoulder that runs into a cylindrical torque shoulder; and

[0018] Fig. 7 shows a connection embodiment in which the helical torque shoulder

is formed by a dovetail wedge structure.

DETAILED DESCRIPTION
[0019] The current tubular connection provides a helical torque shoulder
arrangement.
[0020] In the primary embodiment, the conventional circumferentially extending

torque shoulder (e.g., the shoulder normally found at the pin-nose to box-base of a threaded
and coupled premium connection, or a center shoulder) is supplemented or supplanted by a
helically extending torque shoulder.

[0021] As aforementioned, most “premium” connections, per the schematic partial
pin 10 and box 12 connection shown in Fig. 3, include threads 14, a metal seal 16, and a
positive torque shoulder 18. As the first member of the connection is assembled into the
second, mating member, the threads contact at some point on their respective “stab” flanks.
As the first member 10 is rotated into the second, driven by a moment external to the
member, the threads engage, and the first member of the threaded connection moves into
the second member, constrained by the geometry of the engaged threads. As the thread
engagement nears complete assembly, two opposing structures, the “torque shoulders,”

contact.

[0022] The conventional torque shoulder normally found at the pin-nose to box-
base interface of a threaded and coupled premium connection is a cylindrical shoulder
surface as represented in Fig. 3, about the complete circumference of both members. Both
shoulders are either located in respective planes (e.g., 20) substantially perpendicular to the
longitudinal axis 22 of the member/connection (e.g., in the case of shoulder surfaces that

extend radially only as shown) or along respective, relatively narrow axial extents (e.g.,
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axial extent 24, in the case of shoulders that extend at some angle to the radial direction).
In cither case, at any given radial distance from the center axis of the member/connection, a
circumferentially extending line can be defined along the surface for that radial distance
and the line will lie in a plane substantially perpendicular to the axis of the connection. As
the metal seal surface 16A of the first member contacts the metal seal surface 16B of the
second member, the reaction between the two generates an opposing force and
momentarily arrests the continued axial relative motion of the threaded members. The
threads of the first member, driven by the external moment, continue to rotate, causing a
shift such that the thread contact moves from stab-flank engagement to load-flank
engagement.

[0023] Once the load flanks of the threads are engaged, any increasing additional
externally applied moment causes a reaction between the load flanks of the thread and the
metal to metal seal forcing the first member into the second along the path defined by the
thread geometry, and further engaging the metal seals, overcoming the resistance of the
seals interfering fit. Once the torque shoulder surface 18A of the first member contacts the
torque shoulder surface 18B of the second member, further rotation is not possible. The
contact between each members torque shoulders, resists further circumferential movement.
[0024] If the external moment is sufficiently large, and the bearing and shear
capacity of the threads sufficiently large, the torque shoulder(s) themselves will yield, the
force reacting between the shoulders of each member becoming greater than the shear or
bearing capacity of the shoulder.

[0025] The present disclosure is directed to a solution to increase the torque
resistance of a connection by increasing the surface area of the torque shoulder, as contact
stress is directly proportional to force and inversely proportional to area. For a given pipe
wall thickness, the threads must utilize a certain percentage of the radial depth of thickness
of the wall section to generate the required bearing and shear area necessary for the threads
to transmit the pipe load. The actual percentage of cross-sectional area is a function of
thread geometry: thread pitch, thread height, and thread taper. The remaining portion of
the radial depth or thickness of the wall section may be used for metal-to metal sealing
surfaces and the torque shoulder.

[0026] Cold forming the pin nose to reduce the internal diameter of the pin member
enables the designer to increase the torque shoulder surface area, but has limitations. One

of the most important requirements of Oil Country Tubular Goods is the “drift diameter”,
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the largest cylinder of a specified diameter and length that will pass through the assembled
tubes and connections. Drift diameter is only slightly smaller than the nominal inside
diameter of the pipe body. Hence the pin can only be formed a small amount, limiting the
increase in shoulder surface area to a small amount.

[0027] In the embodiments illustrated in Figs. 4-6, the conventional torque shoulder
30 normally found at the pin-nose to box-base of a threaded and coupled premium
connection is supplemented by a set of helical surfaces 32 and 34, machined on a
cylindrical section 36 of the tube body parallel to its longitudinal axis 38. The pin member
10 helical torque shoulder has two flanks 32A, 34A, joined by a root and a crest about a
helix of three turns. The box member 12 would have corresponding mating torque
shoulder flanks. Each of these surfaces has the potential to add surface area to the
cylindrical torque shoulder. While the extent of surfaces may vary from less than one turn
to more than three turns, the primary issue is finding the surfaces that will support the
reaction of the primary torque shoulder surfaces 30A and 30B, still cylindrical, against the
load flank surfaces of the connection’s threads.

[0028] In the embodiments illustrated, the helical torque shoulder is in the nature of
a trapezoidal “Flank-to-Flank™ design. As seen in Fig. 6, the helical torque shoulder may
include start chamfers 50. The box member may also include a clearance zone 52 between
the box metal seal surface 16B and the start of the box torque shoulder surface 34B to
allow the pin nose and associated start of the pin helical torque shoulder to stab to a
location just short (e.g., axially just to the right of in the view of Fig. 6) the start of the box
torque shoulder surface 34B. During assembly, both helically extending flanks/shoulder
surfaces of the helical torque shoulder of one member contact the mating flanks/shoulder
surfaces of the helical shoulder of the other member prior to complete assembly (e.g., as
the helical torque shoulder on the pin 10 moves into the helical torque shoulder on the box
12).

[0029] The flank surfaces, machined on a mild angle measured from the
perpendicular to the longitudinal axis of the pipe body, allow further rotation of the
connection driven by the externally applied moment. As the flank surfaces are driven
further together, the normal force between the flank surfaces increases, and the resulting
increased force of friction resists the externally applied moment; i.e., it requires a greater

moment, torque, to continue to drive the two members together.
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[0030] As the members are fully assembled, the helical torques shoulder form ends
and the two cylindrical torque shoulder surfaces engage, greatly increasing the assembly
torque requirements. Furthermore, once the engaging member is arrested by the
perpendicular, cylindrical shoulder, any increasing externally applied moment continues to
force a larger and larger reaction between the load flanks of the helical torque shoulder
surfaces and the cylindrical shoulder surfaces.

[0031] The reaction between the load flanks of the pin and the load flanks of the
box results in a compressive force acting on the pin member as the load flanks of the box
force the load flanks and the entire pin member into the box member. The reaction
between the load flanks of the box and the load flanks of the pin results in a tension force
acting on the box member as the load flanks of the pin force the load flanks and the entire
box member away from the cylindrical torque shoulder.

[0032] As the forces increase driven by the increasing external moment, Poisson’s
effect drives both the pin and box members: diametrically increasing the circumference of
the pin, which is in compression; diametrically decreasing the circumference of the box,
which is in tension. This reaction initiates at the cylindrical shoulder surfaces and transfers
back the connection, starting with the helical torque shoulder. Poison’s effect locks the
helical surfaces, starting immediately at the intersection of the cylindrical torque shoulder
and working through the helical torque shoulders in the direction of the threads. This
locking mechanism enables both flanks of the helical torque shoulder to increase the

effective area of the combined torque shoulder.

[0033] This embodiment of the invention offers a number of advantages.
[0034] The helical torque shoulder requires only a few helically machined surfaces.
[0035] The surfaces are similar to thread form, albeit with different function, and

can be machined in similar manner to threads.

[0036] The helical torque shoulder of the illustrated embodiment is machined on a
cylindrical path, parallel to the pipe body longitudinal axis, further simplifying both
machining and measuring the surfaces. However, in other embodiments the helical torque
shoulder could be machined on a tapered path.

[0037] The engaged surface arca may be enlarged by either changing the form (e.g.,
for thicker-walled tubes, the height of the surfaces may be increased, or the pitch varied).
[0038] Other embodiments of this invention may offer additional or complementary

advantages. For example, the above description described trapezoidal formed surfaces
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with a mild angle to the perpendicular to the axis of the tube. Even a mild angle will
generate some radial forces. These radial forces will tend to force the two members apart,
with the most detrimental effect upon the member with the thinner cross-section; in the
embodiment illustrated the pin. An alternate embodiment may use helical surfaces of
square or rectangular shape, with the angle between flank surfaces and the perpendicular to
the longitudinal pipe axis at or near zero.

[0039] Other embodiments may use a more complex form, with some flanks having
negative angles, or dovetail angles. The illustrated helical torque shoulder follows a
cylindrical profile relative to the axis of the connection, and therefore does not require an
axial engagement clearance as make-up thread forms used in oilfield casing or tubing
applications do. Threaded connections must have the characteristic of being able to be
assembled on a drilling rig. This requires some “stabbing” depth to stabilize the length of
pipe hanging in the derrick whilst the rig workers initialize contact between the two
members and rotate them together. The primary threads 14 in this connection perform that
function, whilst the helical torque shoulder need only be optimized to react to the
externally applied moment, the “make-up” torque. Thus, in the contemplated connection
the helical torque shoulder surfaces will not be engaged or axially overlapped when the two
members are in the stab position defined by the primary threads that control the make-up
operation. Only after relative rotation of one member causes axial movement of the
members together will the helical shoulder surfaces begin to axially overlap and move into
each other.

[0040] Other embodiments may actually use a variable width form of square, near-
square, or dovetail design, in which the flank contact may be enhanced by the wedging
mechanisms of the aforementioned wedge thread. Increased torque capacity is a function
of the increased surface contact area of both flanks of the tooth and groove pairs within the
wedged torque shoulder. This value can be optimized based upon available section height
and the assembly rotations of the principal driver threads (the conventional threads located
clsewhere in the connection). By way of example, Fig. 7 shows an embodiment in which
the helical shoulder takes on a trapezoidal from that wedges (e.g., as the helical torque
shoulder 100 of the pin member moves into the helical torque shoulder 104 of the box
member, the shoulders wedge upon full make-up; metal to metal seal is shown at 124).
[0041] Torque capacity is also enhanced by any conventional torque shoulder that

may exist within the threaded connection, and should work in conjunction with the helical
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torque shoulder described above. A conventional torque shoulder may be an extension of
the helical torque shoulder or be located independently of it, elsewhere within the
connection.

[0042] Premium connections have shoulders in different locations, and in some
cases, multiple shoulders. The primary locations are:

[0043] Pin-Nose / Box-Base, intersecting the inside diameter of the connection (the

example given herein).

[0044] Pin-Base / Box-Face; i.e., intersecting the outside diameter of the
connection.
[0045] The middle-wall section of the connection, the “center shoulder” (e.g., per

shoulder location shown in U.S. Patent No. 5,415,442, which is incorporated herein by
reference).

[0046] One skilled in the art will recognize that the concept of a helical torque
shoulder can be utilized in any and all of these shoulder configurations, with appropriate
modifications.

[0047] Although a metal seal may or may not be present within the threaded
connection, a configuration utilizing a metal-to-metal seal between the helical torque
shoulder and conventional threads will have an additional advantage over a conventional
premium connection in that the helical torque shoulder will isolate the metal-to-metal seal
from the compressive loading experienced by the pin member.

[0048] Metal seals are formed by interferingly fitting two smooth metal surfaces
together. During compressive loading, the metal seal, particularly of the pin member, may
be deformed because of excessive compressive loading. Because of the contact pressure
produced by the interference fit, the two surfaces try to separate. Although conventional
designs use techniques to keep the two surfaces together, analysis shows some degree of
separation and resultant loss of contact pressure. The helical torque shoulder will isolate
the seal surfaces from the effect of axial loads and produce a more stable and consistent
metal seal under a variety of loading conditions.

[0049] The helical torque shoulder structures described herein provide a torque
shoulder surface that extends through more than 360 degrees and, preferably through more
than 720 degrees. When following the helical shoulder surface at a given radial distance

from the central longitudinal axis, the resulting track will not lie within a plane
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substantially perpendicular to the longitudinal axis of the pipe or connection body, or even

a narrow extent as suggested in Fig. 3, due the helical nature of the surfaces.

[0050] In one implementation, an axial length Lyrs of the helical torque shoulder
may be 30 % or less of the overall length L of the connection, while length of Lpr the
primary thread may be about 50% or more (e.g., 60% or more) of the overall length L of
the connection, it being understood that the length L of the connection is defined as axial
distance between (i) the shoulder, metal to metal seal or thread located furthest toward one
end of the connection and (ii) the shoulder, metal to metal seal or thread located furthest

toward an opposite end of the connection).

[0051] In one implementation, the axial length Lyrs of the helical torque shoulder

may be between about 15% and 45% of the axial length Lpy of the primary thread.

[0052] In one implementation, the helical torque shoulder extends through no more

than four turns, while the primary thread form extends through at least ten turns.

[0053] It is to be clearly understood that the above description is intended by way
of illustration and example only, is not intended to be taken by way of limitation, and that
other changes and modifications are possible. For example, while tapered constant pitch
threads of the type used in premium connections (e.g., per the ULTRA-DQX, ULTRA-F]J,
ULTRA-QX and ULTRA-SF connections available from Ultra Premium Oilfield Products
of Houston, Texas) are primarily described in conjunction with the helical torque shoulder
threads, other types of thread structures could be used in place of the premium connection

threads, such as API Round threads, API Buttress threads or others.

[0054] It is to be understood that, throughout the description and claims of the
specification, the word "comprise" and variations of the word, such as "comprising” and

"comprises”, is not intended to exclude other additives, components, integers or steps.

mpfm A0133547927-v1 120528799 10
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The claims defining the invention are as follows:
1. A tubular connection, comprising:
a pin member having:

a first tapered constant pitch thread having a root, a crest, a stab flank and a

load flank;

a first variable pitch helical torque shoulder surface spaced axially along the
pin member from the first tapered constant pitch thread, the first variable pitch

helical torque shoulder surface is non-tapered;
a box member having:

a second tapered constant pitch thread having a root, a crest, a stab flank and

a load flank;

a second variable pitch helical torque shoulder surface spaced axially along
the box member from the second tapered constant pitch thread, the second variable

pitch helical torque shoulder surface is non-tapered;

the pin member and the box member configured such that in the stab
position the first variable pitch helical torque shoulder surface does not engage or

overlap with the second variable pitch helical torque shoulder surface.

2. The tubular connection of claim 1, wherein both (i) the first tapered constant pitch
thread and the first variable pitch helical torque shoulder surface are sized and located
relative to each other and (ii) the second tapered constant pitch thread and the variable
pitch second helical torque shoulder surface are sized and located relative to each other,
such that during rotational make-up of the pin member and box member under control of
interaction between the first tapered constant pitch thread and the second tapered constant
pitch thread, the first variable pitch helical torque shoulder surface is guided into

cooperating alignment with the second variable pitch helical torque shoulder surface.

3. The tubular connection of claim 1 or claim 2, wherein the first variable pitch helical
torque shoulder surface and the second variable pitch helical torque shoulder surface have

a load flank lead greater than the stab flank lead.

4, The tubular connection of any one of claims 1 to 3, wherein:

rhmm A0133547927-v1 120528799 11
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a root diameter of the first variable pitch helical torque shoulder surface is smaller
than both a starting root diameter of the first tapered constant pitch thread and an ending

root diameter of the first tapered constant pitch thread;

a root diameter of the second variable pitch helical torque shoulder surface is
smaller than both a starting root diameter of the second tapered constant pitch thread and

an ending root diameter of the second tapered constant pitch thread.
5. The tubular connection of claim 4, wherein:

the pin member includes a first transition zone axially between the first variable
pitch helical torque shoulder surface and the first tapered constant pitch thread, the first

transition zone including a first seal surface;

the box member includes a second transition zone axially between the second
variable pitch helical torque shoulder surface and the second tapered constant pitch thread,

the second transition zone including a second seal surface;

in full made up condition the first seal surface engages the second seal surface for

sealing.
6. The tubular connection of claim 5, wherein:

an axial length of the first variable pitch helical torque shoulder surface is less than

an axial length of the first tapered constant pitch thread;

an axial length of the second variable pitch helical torque shoulder surface is less

than an axial length of the second tapered constant pitch thread.
7. The tubular connection of claim 6, wherein:

the axial length of the variable pitch first helical torque shoulder surface is

substantially less than the axial length of the first tapered constant pitch thread;

the axial length of the second variable pitch helical torque shoulder surface is

substantially less than the axial length of the second tapered constant pitch thread.
8. The tubular connection of any one of claims 4 to 7, wherein:

the first variable pitch helical torque shoulder surface extends for substantially

fewer turns than does the first tapered constant pitch;

rhmm A0133547927-v1 120528799 12



23 Mar 2017

2013352493

the second variable pitch helical torque shoulder surface extends for substantially

fewer turns than does the second tapered constant pitch.

9. The tubular connection of any one of claims 1 to 8, wherein the first variable pitch
helical torque shoulder surface extends substantially to a first substantially cylindrical
torque shoulder surface of the pin member and the second variable pitch helical torque
shoulder surface extends substantially to a second substantially cylindrical torque shoulder
surface of the box member, in fully made-up position of the connection the first
substantially cylindrical torque shoulder surface engages the second substantially
cylindrical torque shoulder surface and the first variable pitch helical torque shoulder
surface engages the second variable pitch helical torque shoulder surface, such that a

combined cylindrical and variable pitch helical torque shoulder results.

10.  The tubular connection of any one of claim 2 and claims 3 to 9 insofar as dependent
on claim 2, wherein upon final make-up of the pin member and the box member the first
variable pitch helical torque shoulder surface and second variable pitch helical torque
shoulder surface are engaged at a location that is one of (i) at a pin-nose/box-base location
that intersects the inside diameter of the connection, (ii) at a pin-base/box- face location
that intersects the outside diameter of the connection or (iii) at a middle- wall section of the

connection as a center shoulder of the connection.
11. A tubular connection, comprising:
a pin member having:
a first thread structure;

a first variable pitch helical torque shoulder surface spaced axially along the

pin member from the first thread structure;
a box member having:
a second thread structure;

a second variable pitch helical torque shoulder surface spaced axially along

the box member from the second thread structure;

wherein the first thread structure and the second thread structure are sized and

located to control a stab position of the tubular connection, in the stab position the first
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variable pitch helical torque shoulder surface does not engage or overlap with the second

variable pitch helical torque shoulder surface.

12. The tubular connection of claim 11, wherein the first variable pitch helical torque
shoulder surface and second variable pitch helical torque shoulder surface have a load

flank lead greater than the stab flank lead.
13. The tubular connection of claim 11 or claim 12, wherein

both (i) the first thread structure and the first variable pitch helical torque shoulder
are sized and located relative to each other and (ii) the second thread structure and the
second variable pitch helical torque shoulder surface are sized and located relative to each
other, such that during rotational make-up of the pin member and box member under
control of interaction between the first thread structure and the second thread structure, the
first variable pitch helical torque shoulder surface is guided into cooperating alignment

with the second variable pitch helical torque shoulder surface.

14.  The tubular connection of any one of claims 11 to 13, wherein the first variable
pitch helical torque shoulder surface extends substantially to a first substantially cylindrical
torque shoulder of the pin member and the second variable pitch helical torque shoulder
surface extends substantially to a second substantially cylindrical torque shoulder of the
box member, in fully made-up position of the connection the first substantially cylindrical
torque shoulder engages the second substantially cylindrical torque shoulder and the first
variable pitch helical torque shoulder surface engages the second variable pitch helical
torque shoulder surface, such that a combined cylindrical and variable pitch helical torque

shoulder results.

15. A method of joining tubular length of oil country tubular casing or piping, the

method comprising:

utilizing a first tubular member having an associated pin member with a first
tapered constant pitch thread structure and a first variable pitch helical torque shoulder

surface spaced axially along the pin member from the first thread structure;

utilizing a second tubular member having an associated box member with a second
tapered constant pitch thread structure and a second variable pitch helical torque shoulder

surface spaced axially along the box member from the second thread structure;
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engaging the pin member and box member with each other into a stab position that
is defined by interaction of the first thread structure and the second thread structure, in the
stab position the first variable pitch helical torque shoulder surface does not engage or

overlap with the second variable pitch helical torque shoulder surface;

rotating at least one of the first tubular member or the second tubular member such
that interaction between the first thread structure and the second thread structure guides the
first variable pitch helical torque shoulder surface into cooperating alignment with the

second variable pitch helical torque shoulder surface.

16.  The method of claim 15, wherein the pin member is formed integral with the first

tubular member and the box member is formed integral with the second tubular member.

rhmm A0133547927-v1 120528799 15
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