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(57) ABSTRACT

Provided is a threaded pipe having a pin member connecting
to a box member. The pin member contains wedge-shaped
pin threads that extends in a helical direction around the
outside surface of its pipe end. The pin member is tapered to
result in an increasing diameter of the pin threads away from
the front end of its pipe. The box member contains a
wedge-shaped box thread that stretches in a helical direction
around the inside surface of its pipe end. The box member
is tapered to result in a decreasing diameter of the box
threads away from the front end of its pipe. The pin crest of
the pin member increases in width along the pin thread and
the box root of the box thread decreases in width along the
box thread. When assembled together, the pin thread crest
increases in width at a different rate than the box thread root
increase in width.
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THREADED PIPE CONNECTIONS WITH
IMPROVED LEAK TIGHTNESS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a non-provisional of and claims
priority to U.S. Provisional Patent Application No. 63/117,
227 filed on Nov. 23, 2020, which is herein incorporated by
reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to threaded pipe
connections, and more particularly threaded pipe connec-
tions with wedge shapes for improved leak tightness.

BACKGROUND INFORMATION

[0003] Threaded pipe connections are used in the oil and
gas industry, particularly threaded connections with a wedge
thread form such as disclosed in U.S. Pat. No. 6,722,706.
Other threaded pipe connections are disclosed in U.S. Pat.
Nos. 6,976,711 and 7,562,911, and published U.S. Applica-
tion No. US2011/0278838. All of the foregoing U.S. patents
and applications are incorporated herein by reference.
[0004] Threaded connections may include a metal-to-
metal seal member to improve sealing ability of the con-
nection or may include soft metal coatings and/or anaerobic
thread compounds to improve the sealing ability of the
threads on connections without the extra metal-to-metal
sealing member. In the absence of a metal-to-metal seal, soft
metal coating or a special anaerobic thread compound, such
threads typically require relatively high torques to seal and
perform as intended, which can result in high localized stress
that could detrimentally affect fatigue life. The thread form
also has the tendency to trap thread compounds that could
contribute to low breakout torques and detrimentally affect
performance.

SUMMARY OF THE INVENTION

[0005] The present invention provides threaded pipe hav-
ing a pin member connecting to a box member. The pin
member contains wedge-shaped pin threads that extends in
a helical direction around the outside surface of its pipe end.
The pin member is tapered to result in an increasing diam-
eter of the pin threads away from the front end of its pipe.
The box member contains a wedge-shaped box thread that
stretches in a helical direction around the inside surface of
its pipe end. The box member is tapered to result in a
decreasing diameter of the box threads away from the front
end of its pipe. The pin crest of the pin member increases in
width along the pin thread and the box root of the box thread
decreases in width along the box thread. When assembled
together, the pin thread crest increases in width at a different
rate than the box thread root increase in width.

[0006] An aspect of the present invention is to provide a
threaded connection comprising a first tubular component
comprising a pin thread extending in a helical direction
around the first tubular component along a longitudinal axis
from the first tubular component front surface towards the
first tubular component back surface opposite the first tubu-
lar component front surface, and a second tubular compo-
nent comprising a box thread extending in a helical direction
around the second tubular component along the longitudinal
axis from the second tubular component front surface
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towards the second tubular component back surface opposite
the second tubular component front surface and structured
and arranged to connect to the first tubular component. The
pin thread is tapered at a pin taper angle between a portion
of the first tubular component between the first tubular
component front surface and the first tubular component
back surface. The box thread is tapered at a box taper angle
between a portion of the second tubular component between
the second tubular component front surface and the second
tubular component back surface. The box taper angle is
different than the pin taper angle. The width of the crest of
the pin thread changes at a crest width rate along at least a
portion of the pin thread between a start of the pin thread and
the end of the pin thread. A width of the root of the box
thread changes at a root width rate along at least a portion
of the box thread between a start of the box thread and the
end of the box thread. The box thread root width rate of
change is different than the pin thread crest width rate of
change.

[0007] Another aspect of the present invention is to pro-
vide a first pipe end comprising a pin thread extending in a
helical direction around the first end along a longitudinal
axis from a first end front surface towards a first end back
surface opposite the first end front surface. The pin thread is
tapered at a pin taper angle between a portion of the first end
between the first end front surface and the first end back
surface. A width of the crest of the pin thread changes at a
pin crest width rate of change along at least a portion of the
pin thread between a start of the pin thread and an end of the
pin thread. The first end is structured and arranged to
connect with a second end of a second pipe. The second end
comprises a box thread extending in a helical direction
around the second end along the longitudinal axis from a
second end front surface towards a second end back surface
opposite the second end front surface and structured and
arranged to connect to the first end. The box thread is tapered
at a box taper angle between a portion of the first end
between the first end front surface and the first end back
surface. The box taper angle is different than the pin taper
angle. A width of the root of the box thread changes at a box
root width rate of change along at least a portion of the box
thread between a start of the box thread and an end of the
box thread. The box root width rate of change is different
than the pin crest width rate of change.

[0008] A further aspect of the present invention is to
provide a threaded pipe comprising a first end comprising a
box thread extending in a helical direction around the first
end along a longitudinal axis from a first end front surface
towards a first end back surface opposite the first end front
surface. The box thread is tapered at a box taper angle
between a portion of the first end between the first end front
surface and the first end back surface. A width of the root of
the box thread changes at a box root width rate of change
along at least a portion of the box thread between a start of
the box thread and an end of the box thread. The first end is
structured and arranged to connect with a second end of a
second pipe. The second end comprises a pin thread extend-
ing in a helical direction around the second end along the
longitudinal axis from a second end front surface towards a
second end back surface opposite the second end front
surface and structured and arranged to connect to the first
end. The pin thread is tapered at a pin taper angle between
a portion of the first end between the first end front surface
and the first end back surface. The pin taper angle is different



US 2022/0163145 Al

than the box taper angle. A width of the crest of the pin
thread changes at a pin crest width rate of change along at
least a portion of the pin thread between a start of the pin
thread and an end of the pin thread. The pin crest width rate
of change is different than the box root width rate of change.

[0009] These and other aspects of the present invention
will be more apparent from the following description.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a side sectional view of a coupling of a
box (female) and pin (male) members of two threaded pipes
in accordance with an embodiment of the present invention.

[0011] FIG. 2 is a side sectional view of box (female) and
pin (male) members of a threaded pipe connection with
improved leak tightness in accordance with an embodiment
of the present invention.

[0012] FIGS. 3a-3¢ show stress concentrations in three
different threaded pipe connection configurations. Minimal
root crest stresses are shown for a nominal taper (FIG. 3a);
root crest stresses in threads close to the pin nose are shown
for a biased taper configuration (FIG. 34); and root crest
stresses plus concentrated flank loading on the first few
threads is shown for a biased thread width rate of change in
accordance with an embodiment of the present invention
(FIG. 3¢).

[0013] FIGS. 4a-4¢ include magnified pin nose portions of
the threaded pipe connection configurations shown in FIGS.
3a-3c.

[0014] FIG. 5 includes finite element analysis graphs
showing average contact stresses at the load flank, stab
flank, and pin root for the three different types of threaded
connections shown in FIGS. 3a-3¢ and 4a-4¢ for various
thread features.

DETAILED DESCRIPTION

[0015] The threaded pipe connections of the present
invention improves the sealing ability of threaded connec-
tions with a wedge thread form without the need for an extra
metal-to-metal sealing member or the need for special
coatings or special thread compounds. The thread elements
are modified to provide better sealing ability for the threads
closer to the pin nose thus improving the sealing perfor-
mance of the threaded connection that is exposed to pres-
sures inside the pipe. In addition to improving the sealing
ability, the present threaded pipe connections reduce local-
ized stresses in the critical pin threads that are susceptible to
fatigue failures. The same principle can be used to improve
the sealing ability of the threads closer to the box face, thus
improving the sealing performance of the threaded connec-
tion that is exposed to pressures outside the pipe. The
modified thread features also facilitate a controlled evacu-
ation of the thread compound thus reducing the possibility of
trapping the thread compound and associated issues that
could result. It also improves the breakout torque of the
connection significantly, allowing for the connection to
perform as expected at torques low enough to accommodate
the limitations of some buck-on machines and high enough
for the critical high torque applications. A combination of
these principles can be used to improve sealing ability of the
threads closer to the pin nose and closer to the box face to
improve sealing performance of the threaded connection that
is exposed to both external and internal pressures.
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[0016] There has been an increased demand for threaded
connections to have better liquid and gas sealing capabili-
ties, higher operational torque capacity and better fatigue
performance, while remaining inexpensive to manufacture
and capable of performing at make-up torques that are low
enough to accommodate the torque limitations of easily
accessible buck-on units. The threaded pipe connections of
the present invention meet these requirements by incorpo-
rating the following:

[0017] The threaded pipe connections of the present
invention are able to meet these requirements by at least
incorporating a wedge thread. The wedging action of the
assembled threads enables greater torque capacity that will
provide operators with higher torque to use in order to get
out of tight spots while installing casing in extended reach
horizontal shale wells.

[0018] The threaded pipe connections of the present
invention are also able to meet these requirements by at least
incorporating different thread leads. The different leads
between the male member, i.e., the pin, and the female
member, i.e., the box, ensure that the threads near to the pin
nose are more engaged than all of the other threads. Higher
strains are provided in the threads near the pin nose and gaps
in the thread form are ultimately filled, thus providing a
greater gas and liquid leak tightness at relatively lower
torques while not losing the functionality at high operational
torque capacity.

[0019] The threaded pipe connections of the present
invention are able to meet these requirements by at least
incorporating different thread tapers. The taper combina-
tions enable higher thread interference toward the pin nose,
resulting in high contact stresses near the pin nose that
improve sealing ability and lower stresses closer to the
coupling ends, thus improving the fatigue life.

[0020] The combined features of the threaded pipe con-
nections help in applications where high torque is needed,
reasonable gas tightness is expected, 100% axial efficiencies
are required, and tight clearances.

[0021] The present invention may include threaded and
assembled connections, integral upset threaded connections,
and integral threaded connections where the box/coupling
thread crest diameter is at or below the pin thread root
diameter at first full form pin thread that is fully engaged
with box threads.

[0022] When the threaded connections are assembled, the
changing width of the pin threads is less than the changing
width of the box threads. The difference between the change
in thread width results in strains that do not compromise
performance. The taper of the pin threads is less than the
taper of the box threads which also results in strains that do
not compromise performance.

[0023] Configuration limits are applicable to threads with
wedging action and have dovetail or faceted dovetail thread
forms, with or without adjacent metal to metal seals.
[0024] FIGS. 1 and 2 illustrate box and pin members of a
threaded pipe connection with improved leak tightness in
accordance with an embodiment of the present invention.
Features of the upper box/female member and lower pin/
male member shown in FIG. 1 and geometric parameters or
constraints associated with the features are controlled in
order to increase leak tightness. As used herein, the term
“load flank” means the sidewall of a thread that faces away
from the outer end from the respective male or female
member on which the thread is formed. The term “stab
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flank™ means the sidewall surface that faces toward the outer
end of the respective male or female member and supports
the weight of the joint during the initial assembly of the
members.

[0025] The threaded pipe connections of the present
invention shown in FIGS. 1 and 2, provide improved leak
tightness due to tighter interaction between the pin and box
at the first engaged pin thread close to the inner diameter of
the box member. Sealing performance for internal pressure
is improved when the first thread is tighter in contact than
the other threads in the made-up position.

[0026] With reference to FIG. 1, shown is a threaded
connection 100 between two pipe ends. The threaded con-
nection 100 results in a connection between the first pipe
200, which includes a female pipe connection fitting 210,
and the second pipe 300, which includes a male pipe
connection fitting 310. The pipes 200, 300 may be tubular in
shape, having pipe outer diameters 202, 302, and pipe inner
diameters 204, 304. The pipe inner diameters 204, 304 may
enclose the pipe flow path 206, 306, which allows a fluid,
such as a liquid or gas, to travel through the center of the
pipes 200, 300.

[0027] Referring to FIGS. 1 and 2, the female pipe con-
nection fitting 210 includes box threads 220 that are
arranged on the inside surface of the first pipe 200. The box
threads 220 may include a box thread groove 230 that rotates
about the inner surface of the first pipe 200 in a helical
direction from the first pipe end surface 212 in the longitu-
dinal direction along the longitudinal axis 110 towards the
opposite end of the first pipe 200. An individual box thread
231 is one full rotation of the box thread groove 230 around
the inside surface of the first pipe 300. The box threads 220
include each individual box thread 231 on the female pipe
connection fitting 210.

[0028] Referring to FIGS. 1 and 2, the male pipe connec-
tion fitting 310 includes pin threads 320 that is arranged on
the outside surface of the second pipe 300. The pin threads
320 may include a pin thread tooth 330 that rotates about the
outer surface of the second pipe 300 in a helical direction
from the second pipe end surface 312 in the longitudinal
direction along the longitudinal axis 110 towards the oppo-
site end of the second pipe 300. An individual pin thread 331
is one full rotation of the pin thread tooth 330 around the
outside surface of the second pipe 300. The pin threads 320
include each pin thread 331 on the male pipe connection
fitting 310.

[0029] Referring now to FIG. 2, in some non-limiting
embodiments or aspects, when viewing the cross-sectional
view of the female pipe connection fitting 210, a series of
individual box threads 231 can be seen, including a first box
thread 232, second box thread 234, middle box thread 235,
second-to-last box thread 236, and a last box thread 238. The
number of individual box threads 231 that can be viewed in
the cross-sectional view may be dependent on the number of
full rotations that the box thread groove 230 completes
through the length of the box threads 220. For example, if
the box thread groove 230 completes five full rotations
throughout the length of the box threads 220, five individual
box threads 231 may be visible in a cross-sectional view of
the female pipe connection fitting 210. Less than five full
rotations or more than five full rotations is also possible
throughout the length of the box threads 220, resulting in
less than five or more than five box individual threads 231
being visible in the cross-sectional view.
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[0030] The box thread groove 230 may include a box root
242, a box crest 244, a box load flank 246, and a box stab
flank 248. The box root 242 is the surface closest to the
outside diameter of the first pipe 200. The box threads 220
on the female pipe connection fitting 210 is tapered inwardly
radially such that the diameter of the box threads 220 is
larger at the first pipe end surface 212 and becomes smaller
in the direction along the longitudinal axis 110 towards the
opposite end of the first pipe 200. As shown in FIG. 2, the
box threads 220 has a box taper angle Az measured from the
longitudinal axis 110 of the pipe. The box taper angle Az
may typically range from 0.1° to 10°, for example, from 1.5°
to 5°. The box taper angle Az may typically be at least 0.1°,
or at least 0.5°, or at least 1°.

[0031] The box taper angle Az may be constant through
the box threads 220, resulting in a straight line across each
individual box thread 231. In some non-limiting embodi-
ments or aspects, the box taper angle Az may change across
the box threads 220, resulting in the individual box threads
231 forming a concave or convex curve across the box
threads 220 of the female pipe connection fitting 210. In
some non-limiting embodiments or aspects, the box taper
angle Az change across the box threads resulting in some
combination of linear, convex, and/or concave curves across
the box threads 220.

[0032] As the box thread groove 230 spirals along the
female pipe connection fitting 210 along the longitudinal
axis 110, the diameter of the box root 242 may decrease for
at least a portion of the box thread groove 230 along the
taper of the female pipe connection fitting 210. A decreased
diameter of the box root 242 will result in an increase in the
pipe wall thickness at that point of the box thread groove 230
compared to another point of the box thread groove 230 with
a larger diameter of the box root 242.

[0033] The box stab flank 248 is the side surface of the box
thread groove 230 facing the first pipe end surface 212. The
box stab flank edge 258 is the outer edge of the box thread
groove 230 on the box stab flank 248. The distance between
two adjacent box stab flank edges 258 in the same cross-
sectional view along the longitudinal axis 110 is the box stab
flank lead SFL,. The box stab flank lead SFL, may be equal
or substantially equal through at least a portion of the box
thread groove 230. The box stab flank leads SFL, in a
cross-sectional view of the first pipe 200 along the longitu-
dinal axis 110 may remain constant or substantially constant
throughout the entire box thread groove 230. For example,
the box stab flank lead SFL, of the first box thread 232 and
the box stab flank lead SFL, of the second box thread 234
may be equal or substantially equal to the box stab flank lead
SFL, of the second to last box thread 236 and the box stab
flank lead SFL, of the last box thread 238.

[0034] The box load flank 246 is the side surface of the
box thread groove 230 facing away from the first pipe end
surface 212. The box load flank edge 256 is the outer edge
of the box thread groove 230 on the box load flank 246. The
distance between two adjacent box load flank edges 256 in
the same cross-sectional view along the longitudinal axis
110 is the box load flank lead LFL . The box load flank lead
LFLz; may be equal or substantially equal through at least a
portion of the box thread groove 230. The box load flank
leads LFL, in a cross-sectional view of the first pipe 200
along the longitudinal axis 110 may remain constant or
substantially constant throughout the entire box thread
groove 230. For example, the distance between the box load
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flank lead LFL; of the first box thread 232 and the box load
flank lead LFLj of the second box thread 234 may be equal
or substantially equal to the box load flank lead LFL; of the
second to last box thread 236 and the box load flank lead
LFL of the last box thread 238.

[0035] The box crest 244 is the surface of the box threads
220 outside of the box thread groove 230, between the box
stab flank edge 258 of one box thread 231 and the box load
flank edge 256 of the adjacent box thread 231.

[0036] The box stab flank 248 and/or box load flank 246
may be angled to create a dovetail shape of the box thread
groove 230, such that the box root 242 is wider than the
horizontal distance between the box stab flank edge 258 and
the box load flank edge 256 of the same box thread 231.
[0037] The box roots 242 of the box threads 220 may
decrease in width in the longitudinal direction from the first
pipe end surface 212 and the opposite end of the second pipe
in the longitudinal direction along the longitudinal axis 110.
As shown in FIG. 2, the width of the root of the box is
represented by Wy, where N is the number of the box
starting with the width of the root of the first box W, to the
width of the root of the last box Wj;. For example, Wy,
represents the width of the root of the second box, W,
represents the width of the root of the third box, and Wy,
represents the width of the root of the fourth box. The rate
of change of the width of the box threads 220 may typically
have Wy, being 80% less than Wy, for example, 75% or
less, or 50% or less. The rate of the change of the width of
the box threads 220 may result in the width of the root of the
last box W, being less than the width of the root of the first
box WB,. Each subsequent box root of the box may be
thinner than the previous box root. For example,
Wg W, >Wo >W o > . >W,  Therate of change of the
width of the box roots 242 may be constant throughout the
box threads 220. In some non-limiting embodiments or
aspects, the rate of change of the width of the box roots 242
may be variable throughout the box threads 220, e.g., an
increasing rate and/or decreasing rate of change of the width
of the box roots 242. In some non-limiting embodiments or
aspects, the rate of change of the width of the box roots 242
is 0 through a portion of the box threads 220, resulting in a
constant width of the box roots 242 through a portion of the
box thread threads. For example, W5, >W o, =W =W > ..
>Wep ot Wy SWe >We =We = 0 =Wy,

[0038] With continued reference to FIG. 2, in some non-
limiting embodiments or aspects, when viewing the cross-
sectional view of the male pipe connection fitting 310, a
series of individual pin threads 331 can be seen, including a
first pin thread 332, second pin thread 334, middle pin thread
335, second-to-last pin thread 336, and a last pin thread 338.
The number of individual pin threads 331 that can be viewed
in the cross-sectional view may be dependent on the number
of full rotations that the pin thread tooth 330 completes
through the length of the pin threads 320. For example, if the
pin thread tooth 330 completes five full rotations throughout
the length of the pin threads 320, five individual pin threads
331 may be visible in a cross-sectional view of the male pipe
connection fitting 310. Less than five full rotations or more
than five full rotations is also possible throughout the length
of' the pin threads 320, resulting in less than five or more than
five individual pin threads 331 being visible in the cross-
sectional view.

[0039] The pin thread tooth 330 may include a pin root
342, a pin crest 344, a pin load flank 346, and a pin stab flank
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348. The pin root 342 is the surface closest to the outside
diameter of the second pipe 300. The pin threads 320 on the
male pipe connection fitting 310 is tapered outwardly radi-
ally such that the diameter of the pin threads 320 is smaller
at the second pipe end surface 312 and becomes larger in the
direction along the longitudinal axis 110 towards the oppo-
site end of the second pipe 300. As shown in FIG. 2, the pin
331 has a pin taper angle A, measured from the longitudinal
axis 110 of the pipe. The pin taper angle A, may typically
range from 0° to 10°, for example, from 1.5° to 5°, or from
2° to 3°. The pin taper angle A, may be at least 0.1°, or at
least 0.5°, or at least 1°.

[0040] The pin taper angle A, may be constant through the
pin threads 320, resulting in a straight line across each
individual pin thread 331. In some non-limiting embodi-
ments or aspects, the pin taper angle A, may change across
the pin threads 320, resulting in the individual pin threads
331 forming a concave or convex curve across the pin
threads 320 of the male pipe connection fitting 310. In some
non-limiting embodiments or aspects, the box taper angle A,
change across the box threads resulting in some combination
of linear, convex, and/or concave curves across the box
threads 220.

[0041] The pin stab flank 348 is the side surface of the pin
thread tooth 330 facing the second pipe end surface 312. The
pin stab flank edge 358 is the outer edge of the pin root 342
on the pin stab flank 348. The distance between two adjacent
pin stab flank edges 358 in the same cross-sectional view
along the longitudinal axis 110 is the pin stab flank lead
SFL,. The pin stab flank lead SFL, may be equal or
substantially equal through at least a portion of the pin
thread tooth 330. The two adjacent pin stab flank leads SFL .
in a cross-sectional view of the second pipe 300 along the
longitudinal axis 110 may remain constant or substantially
constant throughout the entire pin thread tooth 330. For
example, the pin stab flank lead SFL of the first pin thread
332 and the pin stab flank lead SFL, of the second pin thread
334 may be equal or substantially equal to the pin stab flank
lead SFL, of the second to last pin thread 336 and the pin
stab flank lead SFL, of the last pin thread 338. The pin stab
flank leads SFL , in a cross-sectional view of the second pipe
300 along the longitudinal axis 110 may be less than or
greater than the box stab flank leads SFL; in a cross-
sectional view of the first pipe 200 along the longitudinal
axis 110.

[0042] The pin load flank 346 is the side surface of the pin
thread tooth 330 facing away from the second pipe end
surface 312. The pin load flank edge 356 is the outer edge
of the pin root 342 on the pin load flank 346. The distance
between two adjacent pin load flank edges 356 in the same
cross-sectional view along the longitudinal axis 110 is the
pin load flank lead LFL .. The pin load flank lead LFL , may
be equal or substantially equal through at least a portion of
the pin thread tooth 330. The two adjacent pin load flank
leads LFL, in a cross-sectional view of the second pipe 300
along the longitudinal axis 110 may remain constant or
substantially constant throughout the entire pin thread tooth
330. For example, the pin load flank lead LFL . of the first
pin thread 332 and the pin load flank lead LFL, of the
second pin thread 334 may be equal or substantially equal to
the pin load flank lead LFL, of the second to last pin thread
336 and the pin load flank lead LFL, of the last pin thread
338. The load flank leads LFL, in a cross-sectional view of
the second pipe 300 along the longitudinal axis 110 may be
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greater or less than the box load flank leads LFL; in a
cross-sectional view of the first pipe 200 along the longitu-
dinal axis 110.

[0043] The pin crest 344 is the outer surface of the pin
threads 320 at the tip of the individual pin thread 331 along
the pin thread tooth 330.

[0044] The pin stab flank 348 and pin load flank 346 may
be angled to create a dovetail shape of the pin thread tooth
330, such that the pin root 342 is wider than the horizontal
distance between the two pin crests 344 of the adjacent
individual pin threads 331 of the pin thread tooth 330.
[0045] The crests 344 of the pin thread 320 may increase
in width in the longitudinal direction from the second pipe
end surface 312 and the opposite end of the second pipe in
the longitudinal direction along the longitudinal axis 110. As
shown in FIG. 2, the width of the crest of the pin is
represented by Wj,, where N is the number of the pin
starting with the width of the crest of the first pin W, to the
width of the crest of the last pin W;. For example, W,
represents the width of the crest of the second pin, Wp,
represents the width of the crest of the third pin, and W,
represents the width of the crest of the fourth pin. The rate
of change of the width of the pin threads 320 may typically
have W, being 80% less than W, for example, 75% or
less, or 50% or less. The rate of change of the width of the
pin crests may be constant throughout the pin threads 320.
In some non-limiting embodiments or aspects, the rate of
change of the width of the pin crests may be variable
throughout the pin threads 320, e.g., an increasing rate
and/or decreasing rate of change of the width of the pin
crests. In some non-limiting embodiments or aspects, the
rate of change of the width of the pin crests is 0 through a
portion of the pin thread 320, resulting in a constant width
of the pin crests 344 through a portion of the pin thread 320.
For example, W, > . . . >W =W =W, >W,, or Wy,=.
W s W W > W,

[0046] The box threads 220 is configured to receive the
pin threads 320 in order to create an assembly of the first
pipe 200 and the second pipe 300. The assembly may be
liquid tight and/or gas tight, resulting in minimal to no
leakage. The assembly may be achieved through lower
torques, such as those achieved through typical tools, such
as buck-on units, for connecting pipe ends (e.g., 5,000 ft-1bs
to 50,000 ft-1bs).

[0047] The assembly may allow for minimal use of thread
compound (e.g., dope) during the connection of the two
pipes. As the pipe ends are assembled, the threads may allow
the thread compound to be squeezed towards one end of the
assembly, instead of trapping the thread compound at vari-
ous points throughout the connection. This allows for less
thread compound to be used for the assembly. The assembly
may be made with or without a metal-to-metal sealing
member between the two pipes.

[0048] The taper of the first pipe 200 and the taper of the
second pipe 300 may be biased such that the portion of the
box threads 220 that first comes in contact and engages with
a portion of the pin threads 320 occurs at the portion of pin
threads 320 that is closer to the inner diameter of the
coupling (e.g., closer to the second pipe end surface 312).
This creates a radial engagement of the coupling. The box
taper angle Az may be different than the pin taper angle A ..
The box taper angel Az may be greater than the pin angle A ..
The pin taper angle A is typically at least 2° less than the
box taper angle A . For example, the pin taper angle A, may

May 26, 2022

be at least 1° less than the box taper angle Az, or at least 0.5°
less than the box taper angle Az. In some non-limiting
embodiments or aspects, the box taper angle A, may be less
than the pin taper angle A, to bias the engagement in the
opposite direction. In some non-limiting embodiments or
aspects, the pin taper angle A, may be 0° and the box taper
angle Az may be greater than or less than the pin taper angle
A,. In some non-limiting embodiments or aspects, the box
taper angle Az may be 0° and the pin taper angle A, may be
greater than or less than the box taper angle Aj.

[0049] The change of width of the box threads 220 and/or
pin threads 320 may be biased such that the width of the root
of the last box WB; is thinner than the width of the crest of
the first pin W,. The box stab flank leads SFL, may be less
than the pin stab flank leads SFL .. In some non-limiting
embodiments or aspects, the box stab flank leads SFL, may
be greater than or equal to the pin stab flank leads SFL .. The
box load flank leads LFL, may be greater than pin load flank
leads LFL .. In some non-limiting embodiments or aspects,
the box load flank leads LFL, may be less than or equal to
the pin load flank leads LFL .

[0050] The rate of the change of width of the box root 242
of the box threads 220 may be different than the rate of the
change of width of the pin crest 344 of the pin threads 320.
The box root 242 of the box threads 220 may widen at a
faster rate along the helical direction of the box threads 220
towards the first pipe front face 212 than the pin crest 344
widens along the helical direction of the pin threads 320
away from the second pipe front face 312. When assembled,
the difference in the rate of changes of the widths of the box
roots and the pin crests may cause the pins to become less
tight against the boxes in the direction away from the second
pipe front face 312. The difference between the width of the
box roots and the width of the pin crests may then increase
between the second pipe end surface 312 and first pipe end
surface 212. For example, Wz -Wp,;> . . >Wp,—
W >We =W >We W, >W,, ~W . The rate of change
of the width of the box root 242 of the box threads 220 may
range from 0% to 10% greater than the rate of change of the
width of the pin crest 344 of the pin threads 320, for example
from 0.5% to 5%. The rate of change of the width of the box
root 242 of the box threads 220 may be at least 0.1% greater
than the rate of change of the width of the pin crest 344 of
the pin threads 320, for example, at least 0.5%, or at least
1%.

[0051] The rate of change of the width of the pin crest 344
of'the pin threads 320 may be constant throughout the length
of'the pin threads 320, or for only a portion of the pin threads
320. The rate of change of the width of the box seat 242 of
the box threads 220 may be constant throughout the length
of the box threads 220, or for only a portion of the box
threads 220. In some non-limiting embodiments or aspects,
the rate of change of the widths may be equal for a portion
of the box threads 220 and pin threads 320. For example,
W =Wer> o 5W =W m Wy - W= Wy W > W, -
Wy, . In some non-limiting embodiments or aspects, the rate
of widening of the box seat 242 may be less than the rate of
the increase in width of the pin crest 344.

[0052] The taper bias and the width bias may concentrate
the force of the coupling on the load flank surfaces 246, 346,
and/or the stab flank surfaces 258, 358. The biases may
ensure that the first pin thread 332 is the first pin to come in
contact with the box threads 220 during the rotation of the
piping during the coupling process. The second pin thread
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334 and each subsequent pin may then come in contact with
the box threads 220 in an ordered and controlled manner.
[0053] Once assembled, the connection of the first pipe
200 and the second pipe 300 may be capable of withstanding
extremely high torques.

[0054] A pipe may have box threads 220 on one end of the
pipe and pin threads 320 on the opposite end of the pipe, box
threads 220 on both ends of the pipe, or pin threads 320 on
both ends of the pipe.

[0055] FIGS. 3a-3¢ and 4a-4¢ show stress concentrations
in three different threaded pipe connection configurations.
Darker shading in FIGS. 3a¢-3¢ and 4a-4c represent
increased stresses. Greater stresses indicate greater leak-
tight properties of the coupling.

[0056] Shown in FIG. 3a is pin threads 510 connected
with box threads 520 with nominal tapering of the threads,
which results in minimal root crest stresses. The minimal
root crest stresses can be seen at the tip portion 410 of the
pin threads 510, as magnified in FIG. 4a. The shading
around the first pin thread 602, second pin thread 604, and
third pin thread 606 are not significantly darker than the
shading around the opposite end of the pin threads 510. It is
noted that the chamfer 600 is not considered as a pin thread
for this analysis.

[0057] Shown in FIG. 35 is a pin thread 530 connected
with box threads 540 with a biased tapering, which results
in increased root crest stresses. The increased root crest
stress can be seen at the tip portion 420 of the pin threads
530, as magnified in FIG. 4b6. The shading around the first
pin thread 612 shows much darker shading around the first
pin thread 612 indicating increased stresses than compared
to the first pin thread 602 of the nominal tapering. The
stresses for the second pin thread 614 and third pin thread
616 show a decreasing stress in subsequent pins, but the
stress still remain higher than the stress of this pins associ-
ated with the nominal tapering. As with FIG. 3a, the chamfer
610 is not considered as a pin for this analysis.

[0058] Shown in FIG. 3¢ is pin threads 550 connected with
box threads 560 with a biased taper as well as a concentrated
flank loading on the first few pin threads, which results in
significantly increased root crest stress compared to the
biased tapering alone. The increased root crest stress can be
seen at the tip portion 430 of the pin threads 550, as
magnified in FIG. 4¢. The shading around the first pin thread
622 shows a highly concentrated stress on the sides of the
first pin thread 622. This highly concentrated stress is still
present in the second pin thread 624, third pin thread 626,
and subsequent pins, although the stress is decreased in each
subsequent pin thread after the first pin thread 622. As also
shown in FIG. 3¢, the stress in the individual pin threads at
the tip portion 430 is significantly higher than the stress in
the individual pin threads at the back end of the pin threads
550. As with FIGS. 3a and 35, the chamfer 620 is not
considered as a pin for this analysis.

[0059] FIG. 5 includes finite element analysis graphs
showing average contact stresses at the load flank, stab flank
and pin root for the three different types of threaded con-
nections shown in FIGS. 3a-3¢ and 4a-4¢ for various thread
features. The finite element analysis demonstrates that the
improvement in contact stress in the load flank, stab flank
and the roots and/or crest of the threads as you introduce a
biased taper and a bias wedge. The improvement in the
contact stress directly relates to improvement of the sealing
ability of the threads.
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[0060] The pipe sections and threaded pipe connections of
the present invention may be made from suitable materials
known to those skilled in the art. For example, the pipe
sections and connections may conform with National Asso-
ciation of Corrosion Engineers (NACE) standards, and may
include corrosion resistant alloys (CRAs). Typical examples
of CRA materials include stainless steel, austenitic steel,
high alloy austenitic steel, martensitic steel, precipitation
hardened steel, dual-phase steel, ferritic steel, polyvinyl
chloride (PVC), polymer pipe materials, and/or the like.
[0061] As used herein, “including,” “containing” and like
terms are understood in the context of this application to be
synonymous with “comprising” and are therefore open-
ended and do not exclude the presence of additional unde-
scribed or unrecited elements, materials, phases or method
steps. As used herein, “consisting of” is understood in the
context of this application to exclude the presence of any
unspecified element, material, phase or method step. As used
herein, “consisting essentially of” is understood in the
context of this application to include the specified elements,
materials, phases, or method steps, where applicable, and to
also include any unspecified elements, materials, phases, or
method steps that do not materially affect the basic or novel
characteristics of the invention.

[0062] Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numeri-
cal value, however, inherently contains certain errors nec-
essarily resulting from the standard variation found in their
respective testing measurements.

[0063] Also, it should be understood that any numerical
range recited herein is intended to include all sub-ranges
subsumed therein. For example, a range of “1 to 10” is
intended to include all sub-ranges between (and including)
the recited minimum value of 1 and the recited maximum
value of 10, that is, having a minimum value equal to or
greater than 1 and a maximum value of equal to or less than
10.

[0064] In this application, the use of the singular includes
the plural and plural encompasses singular, unless specifi-
cally stated otherwise. In addition, in this application, the
use of “or” means “and/or” unless specifically stated other-
wise, even though “and/or” may be explicitly used in certain
instances. In this application and the appended claims, the
articles “a,” “an,” and “the” include plural referents unless
expressly and unequivocally limited to one referent.
[0065] Whereas particular embodiments of this invention
have been described above for purposes of illustration, it
will be evident to those skilled in the art that numerous
variations of the details of the present invention may be
made without departing from the invention.

What is claimed is:

1. A threaded connection comprising:

a first tubular component comprising at least one pin
thread extending in a helical direction around the first
tubular component along a longitudinal axis from a first
tubular component front surface towards a first tubular
component back surface opposite the first tubular com-
ponent front surface; and

a second tubular component comprising at least one box
thread extending in a helical direction around the
second tubular component along the longitudinal axis
from a second tubular component front surface towards
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a second tubular component back surface opposite the
second tubular component front surface and structured
and arranged to connect to the first tubular component;

wherein the at least one pin thread is tapered at a pin
taper angle along a portion of the first tubular com-
ponent between the first tubular component front
surface and the first tubular component back surface;

wherein the at least one box thread is tapered at a box
taper angle along a portion of the second tubular
component between the second tubular component
front surface and the second tubular component back
surface;

wherein the box taper angle is different than the pin
taper angle;

wherein a width of the crest of the at least one pin
thread changes at a pin crest width rate along at least
a portion of the at least one pin thread between a start
of'the at least one pin thread and an end of the at least
one pin thread;

wherein a width of the root of the at least one box
thread changes at a box root width rate of change
along at least a portion of the at least one box thread
between a start of the at least one box thread and an
end of the at least one box thread; and

wherein the box root width rate of change is different
than the pin crest width rate of change.

2. The threaded connection of claim 1, wherein the pin
taper angle is at least 2° less than the box taper angle.

3. The threaded connection of claim 1, wherein the pin
taper angle is at least 1° less than the box taper angle.

4. The threaded connection of claim 1, wherein the root
width rate is at least 10% greater than the pin width rate.

5. The threaded connection of claim 1, wherein the root
width rate is at least 5% greater than the pin width rate.

6. The threaded connection of claim 1, wherein the width
of the crest of the at least one pin thread at the end of the at
least one pin thread is less than twice the width of the crest
of the at least one pin thread at the start of the at least one
pin thread.

7. The threaded connection of claim 1, wherein the root
width rate is greater than the crest width rate.

8. The threaded connection of claim 1, wherein the pin
taper angle is less than the box taper angle.

9. The threaded connection of claim 1, wherein the
threaded connection comprises a metal-to-metal sealing
member.

10. A threaded pipe comprising:

a first end comprising at least one pin thread extending in
a helical direction around the first end along a longi-
tudinal axis from a first end front surface towards a first
end back surface opposite the first end front surface;

wherein the at least one pin thread is tapered at a pin
taper angle along a portion of the first end between
the first end front surface and the first end back
surface;

wherein a width of the crest of the at least one pin
thread changes at a pin crest width rate of change
along at least a portion of the at least one pin thread
between a start of the at least one pin thread and an
end of the at least one pin thread;
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wherein the first end is structured and arranged to
connect with a second end of a second pipe, wherein
the second end comprises:

at least one box thread extending in a helical direction

around the second end along the longitudinal axis from

a second end front surface towards a second end back

surface opposite the second end front surface and

structured and arranged to connect to the first end;

wherein the at least one box thread is tapered at a box
taper angle along a portion of the second end
between the second end front surface and the second
end back surface;

wherein the box taper angle is different than the pin
taper angle;

wherein a width of the root of the at least one box
thread changes at a box root width rate of change
along at least a portion of the box thread between a
start of the at least one box thread and an end of at
least one the box thread; and

wherein the box root width rate of change is different
than the pin crest width rate of change.

11. The threaded pipe of claim 11 wherein the threaded
pipe further comprises an opposite end, located opposite the
first end;

wherein the opposite end comprises at least one opposite

box thread extending in a helical direction around the

opposite end along the longitudinal axis from an oppo-

site front surface towards the first end front surface and

structured and arranged to connect to the first end;

wherein the at least one opposite box thread is tapered
at an opposite box taper angle along a portion of the
opposite end between the opposite end front surface
and the first end front surface;

wherein the opposite box taper angle is different than
the pin taper angle;

wherein a width of the root of the at least one opposite box

thread changes at an opposite box root width rate of
change along at least a portion of the at least one
opposite box thread between a start of the at least one
opposite box thread and an end of the at least one
opposite box thread; and

wherein the opposite box root width rate of change is

different than the pin crest width rate of change.

12. The threaded connection of claim 10, wherein the pin
taper angle is at least 2° less than the box taper angle.

13. The threaded connection of claim 10, wherein the pin
taper angle is at least 1° less than the box taper angle.

14. The threaded connection of claim 10, wherein the box
root width rate of change is at least 10% greater than the pin
crest width rate of change.

15. The threaded connection of claim 10, wherein the box
root width rate of change is at least 5% greater than the pin
crest width rate of change.

16. The threaded connection of claim 10, wherein the
width of the crest of the at least one pin thread at the end of
the at least one pin thread is less than twice the width of the
crest of the at least one pin thread at the start of the at least
one pin thread.

17. The threaded connection of claim 10, wherein the root
width rate is greater than the crest width rate.

18. The threaded connection of claim 10, wherein the pin
taper angle is less than the box taper angle.
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19. The threaded connection of claim 10, wherein the
threaded connection comprises a metal-to-metal sealing
member.
20. A threaded pipe comprising:
a first end comprising at least one box thread extending in
a helical direction around the first end along a longi-
tudinal axis from a first end front surface towards a first
end back surface opposite the first end front surface;
wherein the at least one box thread is tapered at a box
taper angle along a portion of the first end between
the first end front surface and the first end back
surface;

wherein a width of the root of the at least one box
thread changes at a box root width rate of change
along at least a portion of the at least one box thread
between a start of the at least one box thread and an
end of the at least one box thread;

wherein the first end is structured and arranged to
connect with a second end of a second pipe, wherein
the second end comprises:
at least one pin thread extending in a helical direction
around the second end along the longitudinal axis from
a second end front surface towards a second end back
surface opposite the second end front surface and
structured and arranged to connect to the first end;
wherein the at least one pin thread is tapered at a pin
taper angle along a portion of the second end
between the second end front surface and the second
end back surface;

wherein the pin taper angle is different than the box
taper angle;

wherein a width of the crest of the at least one pin
thread changes at a pin crest width rate of change
along at least a portion of the at least one pin thread
between a start of the at least one pin thread and an
end of the at least one pin thread; and

wherein the pin crest width rate of change is different
than the box root width rate of change.

21. The threaded pipe of claim 20 wherein the threaded
pipe further comprises an opposite end, located opposite the
first end;

wherein the opposite end comprises at least one opposite
pin thread extending in a helical direction around the
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opposite end along the longitudinal axis from an oppo-

site front surface towards the first end front surface and

structured and arranged to connect to the first end;

wherein the at least one opposite pin thread is tapered
at an opposite pin taper angle along a portion of the
opposite end between the opposite end front surface
and the first end front surface;

wherein the opposite pin taper angle is different than
the box taper angle.

wherein a width of the crest of the at least one opposite pin

thread changes at an opposite pin crest width rate of
change along at least a portion of the at least one
opposite pin thread between a start of the at least one
opposite pin thread and an end of the at least one
opposite pin thread; and

wherein the opposite pin crest width rate of change is

different than the box root width rate of change.

22. The threaded connection of claim 20, wherein the pin
taper angle is at least 2° less than the box taper angle.

23. The threaded connection of claim 20, wherein the pin
taper angle is at least 1° less than the box taper angle.

24. The threaded connection of claim 20, wherein the box
root width rate of change is at least 10% greater than the pin
crest width rate of change.

25. The threaded connection of claim 20, wherein the box
root width rate of change is at least 5% greater than the pin
crest width rate of change.

26. The threaded connection of claim 20, wherein the
width of the crest of the at least one pin thread at the end of
the pin thread is less than twice the width of the crest of the
at least one pin thread at the start of the at least one pin
thread.

27. The threaded connection of claim 20, wherein the box
root width rate of change is greater than the pin crest width
rate of change.

28. The threaded connection of claim 20, wherein the pin
taper angle is less than the box taper angle.

29. The threaded connection of claim 20, wherein the
threaded connection comprises a metal-to-metal sealing
member.



