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(57) Abstract: A threaded connection (100) including a pin (104) with a plurality of pin threads, the plurality of threads comprising a
plurality of pin crests (109) and pin roots (116); and a box (102) with a plurality of box threads, the box threads comprising a plurality
of box crests (118) and box roots (110), where the plurality of box roots and the plurality of pin crests are parallel to a horizontal axis,
and where the plurality of pin roots are parallel to and collinear with a pin root taper plane, the pin root taper plane being not parallel to
the horizontal axis creating at least one void space (106) upon make-up of the threaded connection between the plurality of pin crests
and the plurality of box roots, and at least one void space (108) upon make-up between the plurality of pin roots and box crests.

[Continued on next page]



CA 03087764 2020-07-06

WO 2019/138295 A1 |11} 00P 00 00 0TS0 O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



1

PCT PATENT APPLICATION

THREADED CONNECTION WITH VOID

FIELD

[0001] The present technology relates to threaded connections for pipes. More specifically, the present
technology relates to threaded connections for pipes that carry oil and gas and involving thread compounds

or dope resulting in a tighter connection.

BACKGROUND

[0002] Pipes used, for example, in oilfield pipelines or down-hole applications, have been joined end-to-
end to transport oil and other fluids from place to place. In some instances, the ends of the pipes are joined
by threading together the male ends of pipes, known as a pin, with a separate coupling into which two pins
are disposed (known as the box). In other connections, pipe-to-pipe connections are made with a pin being

disposed on one end of a pipe and a box being disposed on another end of another pipe.

[0003] There are a number of different types of connections for pipes used in pipelines. Some connections
are known as integral flush connections, wherein the connection is machined into the pipe body, without
adding any additional material, or u-setting, when joining the two pieces of pipe. The result is a connection
having an outer diameter that is flush with the outer diameter of the pipes, and an inner diameter that is
flush with the inner diameter of the pipes. Most integral flush connections have a tension efficiency of
about 68% to about 72%.

[0004] In certain types of threaded connections, thread compound or dope will be squeezed from pipe
threads as they are coupled or screwed together, and it has no place to be disposed once a connection is
made-up. This causes a false torque shoulder to appear, for example, on a make-up graph.

Date Recue/Date Received 2022-08-04
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SUMMARY OF THE INVENTION

[0005] Disclosed herein are threaded connections which allow thread compound or dope to be
disposed within a void between threads. Thread designs of the present disclosure are not limited
to one type of connection, and can be used on threaded and coupled designs as well as integral
designs, being flush and semi-flush. Thread designs of the present disclosure can also be used in
combination with or without seals for either premium or semi-premium connections. For
example purposes here, thread designs are shown on a threaded and coupled (TNC) semi-

premium connection.

[0006] In embodiments of the present disclosure, connections do not require a torque shoulder to
obtain a positive torque stop like in many standard threaded connections. This property allows
for greater performance throughout the connection from axial loads to torque. As noted
previously, in certain types of threaded connections, thread compound or dope will be squeezed
from pipe threads and it has no place to be disposed once a pipe connection is made-up, and this
causes a false torque shoulder to appear, for example, on a make-up graph. Later, the thread
compound will work its way out and the threaded connection will become loose and could back

out down-hole causing a failure.

[0007] Embodiments of connections disclosed here apply geometries which allow thread
compound and dope to be disposed into a void existing within pipe threads upon make-up, which
allows the threads to properly engage causing an accurate engagement/shoulder of the threads
every time, which in turn leads to a tight connection which is safe to run downhole, for example

in oil and gas drilling and production operations.

[0008] Therefore, disclosed here is a threaded connection including a pin with a plurality of pin
threads, the plurality of pin threads comprising a plurality of pin crests and plurality of pin roots
and a box with a plurality of box threads, the box threads comprising a plurality of box crests and
plurality of box roots, where the plurality of box roots and the plurality of pin crests are parallel
to a horizontal axis, and where the plurality of pin roots are parallel to and collinear with a pin
root taper plane, the pin root taper plane being not parallel to the horizontal axis, creating at least
one void space upon make-up of the threaded connection between the plurality of pin crests and
the plurality of box roots, and at least one void space upon make-up between the plurality of pin

roots and the plurality of box crests.
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[0009] In some embodiments, the width of pin crests of the plurality of pin crests increases and
the width of pin roots of the plurality of pin roots decreases from an internal connection end of
the pin to an external connection end of the pin. In other embodiments, the width of box crests
of the plurality of box crests increases, and the width of box roots of the plurality of box roots
decreases, from an external connection end of the box to an internal connection end of the box.
In certain embodiments, the width of the pin crests increases by about 0.01” each rotation, and
the width of the pin roots decreases by about 0.01” each rotation from the internal connection

end of the pin to the external connection end of the pin.

[0010] Still in other embodiments, the width of the box crests increases by about 0.01” each
rotation, and the width of the box roots decreases by about 0.01” each rotation, from an external
connection end of the box to an internal connection end of the box. In yet other embodiments,
the pin root taper plane is offset from the horizontal axis at between about 1 degree and about 6
degrees. In some embodiments, void space upon make-up between the plurality of pin roots and
the plurality of box crests is substantially disposed proximate load flanks of the pin threads and

box threads.

[0011] In some embodiments, box crests of the plurality of box crests proximate an external
connection end of the box are substantially parallel to the pin root taper plane and pin roots of the
plurality of pin roots, and wherein box crests of the plurality of box crests proximate an internal
connection end of the box are substantially parallel to a horizontal axis increasing the volume of
more than one void space upon make-up between the plurality of pin roots and the plurality of
box crests proximate the internal connection end of the box. In certain embodiments, upon
make-up of the threaded connection doping is disposed substantially within void spaces

proximate the internal connection end of the box.

[0012] Still in other embodiments, the width of pin crests of the plurality of pin crests increases
and the width of pin roots of the plurality of pin roots decreases from an internal connection end
of the pin to an external connection end of the pin. In certain embodiments, the width of box
crests of the plurality of box crests increases, and the width of box roots of the plurality of box
roots decreases, from an external connection end of the box to an internal connection end of the

box.
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[0013] Still in some other embodiments, box crests of the plurality of box crests proximate an
external connection end of the box are substantially parallel to the pin root taper plane and pin
roots of the plurality of pin roots causing interference upon make-up of the threaded connection,
and wherein box crests of the plurality of box crests proximate an internal connection end of the
box are substantially parallel to a horizontal axis along a length of about 40% to about 60% of a
respective pin root, increasing the volume of more than one void space upon make-up between
the plurality of pin roots and the plurality of box crests proximate the internal connection end of

the box.

[0014] In certain embodiments of the threaded connection, upon make-up of the threaded
connection doping is disposed substantially within void spaces proximate the internal connection
end of the box. In some embodiments, the width of pin crests of the plurality of pin crests
increases and the width of pin roots of the plurality of pin roots decreases from an internal
connection end of the pin to an external connection end of the pin. In still other embodiments,
the width of box crests of the plurality of box crests increases, and the width of box roots of the
plurality of box roots decreases, from an external connection end of the box to an internal

connection end of the box.

[0015] In certain other embodiments, the plurality of box crests and plurality of pin crests
exemplify negative load flank angles from about negative 1 degree to about negative 20 degrees
toward an external connection end of the pin and an external connection end of the box. Still in
other embodiments, parallel void space volume between the plurality of pin crests and box roots
decreases from an external connection end of the box and pin to an internal connection end of the
box and pin, and void space volume between the plurality of box crests and plurality of pin roots
increases from the external connection end of the box and pin to the internal connection end of

the box and pin.



4a

[0015A] In a broad aspect, the present invention pertains to a threaded connection comprising a pin with a
plurality of pin threads, the plurality of pin threads comprising a plurality of pin crests and plurality of pin
roots, and a box with a plurality of box threads, the box threads comprising a plurality of box crests and
plurality of box roots. The plurality of box roots and the plurality of pin crests are parallel to a horizontal
axis. The plurality of pin roots is parallel to and collinear with a pin root taper plane, the pin root taper
plane being not parallel to the horizontal pin, creating at least one void space upon make-up of the threaded
connection between the plurality of pin crests and the plurality of box roots, and at least one void space
upon make-up between the plurality of pin roots and the plurality of box crests.

Date Recue/Date Received 2022-08-04
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present technology will be better understood on reading the following detailed
description of nonlimiting embodiments thereof, and on examining the accompanying drawings.
It is to be noted, however, that the drawings illustrate only several embodiments of the disclosure
and are therefore not to be considered limiting of the disclosure’s scope as it can admit to other

equally effective embodiments.

[0017] FIG. 1 is a perspective view of a threaded connection on a semi-premium connection

according to an embodiment of the present technology.
[0018] FIG. 2 is a close-up perspective view of the threaded connection of FIG. 1.

[0019] FIG. 3A is a perspective view of a pin in an embodiment of a connection of the present

disclosure.

[0020] FIG. 3B is a perspective view of a box in an embodiment of a connection of the present

disclosure.



CA 03087764 2020~07~06

WO 2019/138295 PCT/IB2019/000059
6

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0021] The foregoing aspects, features, and advantages of the present technology will be further
appreciated when considered with reference to the following description of preferred
embodiments and accompanying drawings, wherein like reference numerals represent like
elements. In describing the preferred embodiments of the technology illustrated in the appended
drawings, specific terminology will be used for the sake of clarity. However, the embodiments
are not intended to be limited to the specific terms used, and it is to be understood that each

specific term includes equivalents that operate in a similar manner to accomplish a similar
purpose.

[0022] Referring first to FIG. 1, a perspective view is shown of a threaded connection on a semi-
premium connection according to an embodiment of the present technology. In other
embodiments for direct pipe-to-pipe connections, the components of a “box” discussed here
throughout can be disposed directly on another pipe as the female part of a pipe connection.
Connection 100 of FIG. 1 includes a box 102 and a pin 104. As shown, upon make-up of
connection 100, voids 106, 108, for example, exist between the box 102 and the pin 104. As
shown, void 106 exists and is disposed between a pin crest 109 and a box root 110 from and
between box crest 112 to box crest 114. Void 108 exists and is disposed between pin root 116
and box crest 118 along a portion of the length between pin crest 120 and pin crest 122. Voids,
such as for example voids 106, 108, can exist for every thread, every other thread, or any number
of threads in a connection, depending on the thread compound or dope to be disposed in such
voids upon make-up. The size, shape, and volume of the voids can be the same for each thread

or vary between threads.

[0023] FIG. 2 is a close-up perspective of the threaded connection of FIG. 1. FIG. 2 includes a
horizontal axis X and a pin root taper plane 200. In the example embodiment provided, all box
crests, such as for example box crest 202, all pin crests, such as for example pin crest 204, and
all box roots, such as for example box root 206, are substantially parallel to the horizontal axis X.
Pin roots, such as for example pin roots 208, 210 run substantially parallel to and collinear with
the pin root taper plane 200. In some embodiments, pin root taper plane 200 proceeds at an
angle between about 1 degree and about 6 degrees from the horizontal axis X. In other

embodiments, some, but not all, box crests are parallel to a horizontal axis X, while other box
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crests or portions of box crests follow an angled pin root taper plane, such as for example pin

root taper plane 200.

[0024] The disclosed alignments of the box crests, box roots, pin crests, and pin roots allows, for
example, a gap of about 0.010 inch from the box crest to the pin root at its lowest point, shown
as “h” in FIG. 2. This occurs proximate the load flanks of the pin crests and box crests, for
example load flanks 212, 214. A horizontal void 207 parallel with the horizontal axis X exists
between pin crest 204 and box root 206 along the length of pin crest 204 and box root 206. As
noted, such voids can exist at every thread, every other thread, or any number of threads
depending on the connection to be made up. Voids may exist either or both between pin roots

and box crests and pin crests and box roots.

[0025] The size of a gap between a box root and pin crest or between a box crest and pin root
can vary based on the thread size of the connection. FIG. 3A is a perspective view of a pin in an
embodiment of a connection of the present disclosure. Referring to FIG. 3A, on pin 300 the
threads change in size moving along pin root taper plane 302 from left to right (external
connection end of the pin 304 to the internal connection end of the pin 306). As shown, the pin
crests 312 decrease in horizontal width and the pin roots 326 increase in width along the pin root

taper plane 302 moving along the pin root taper plane 302 from left to right.

[0026] At the insertion face of the pin (internal connection end of the pin 306), the pin crests 312
are shorter or narrower in width along horizontal axis x, and the pin roots 326 are wider along
the pin root taper plane. In the embodiment shown, every revolution of the pin root, proceeding
from right to left along pin root taper plane 302, decreases by about 0.01" horizontally, causing
the pin crests 312 to increase by about 0.01” horizontally. This pattern continues until the
threads run out and there is no more material to cut. In other embodiments, every revolution of
the pin roots 326, proceeding from right to left along pin root taper plane, decreases by about
between 0.001” and 0.1, causing the pin crests 312 to increase by about between 0.001” and
0.1”. This pattern continues until the threads run out and there is no more material to cut. Pin
roots, pin crests, box roots, and box crests of the present disclosure can be fashioned either or
both on the end of a pipe or box by any suitable method of additive or subtractive manufacture,
such as for example with the use of a Computer Numerical Control (CNC) machine or 3-D

printing.
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[0027] Referring to FIG. 3B, the box threads are designed similarly to the pin threads of FIG.
3A. Starting from the left face of the box (the external connection end of the box 308), the box
crests 314 are relatively shorter in width, and the box roots 324 have a relatively larger width.
As the threads move along the taper, from left to right toward the internal connection end of the
box 310, the box crest width increases by about 0.01” and the box root width decreases by about
0.01” in each revolution. In other embodiments, the variation of threads can vary in each

rotation from between about 0.001” to about 0.1”.

[0028] Still referring to FIGS. 3A and 3B, the pin crests and box crests, such as pin crests 312
and box crests 314, both have load flanks that exemplify negative load flank angles, for example
at load flank angles 316, 318; the angles can range from about negative 1 degree to about
negative 20 degrees toward the external connection end of the pin 304 and the external
connection end of the box 308. This relationship is also shown in FIG. 2 at for example load
flanks 212, 214. The relationship between the load flank and stab flank angle can vary on the pin

and/or box.

[0029] The pin stab flank, for example stab flank 320, contacts the box stab flank, for example
stab flank 322; this angle can be the same or different than the load flank angle, but facing
toward the internal connection end of the pin 306 and the internal connection end of the box 310,
but the difference between the load flank and stab flank angles from a vertical 90° axis should
not exceed a difference of about 2 degrees. Pin crests 312 and box thread roots 324 are parallel
to the horizontal axis and shall not contact each other, in some embodiments, for example as also
shown in FIG. 2 at pin crest 204 and box root 206. Pin root 326 proceeds at substantially the

same angle as pin root taper plane 302.

[0030] The taper angle of pin root taper plane 302 can vary depending on a product line; a
general range would be from about 1 degree to 6 degrees from the horizontal. In some
embodiments, box crests exhibit a unique form not parallel with a horizontal axis. For example,
at the external end of a connection, a box crest can generally match the angle of the pin root and
pin root taper plane and can be from about 1 degree to about 6 degrees from the horizontal. The
pin root and box crest will have interference in this section to build radial inference which will

create torque.
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[0031] The entirety of box crests through the connection need not be parallel to the pin roots; in
certain box crests, a box crest length corresponding to anywhere from about 40% to about 60%
of the pin root width will exhibit a different angle and become parallel to the horizontal axis
enabling a partial void space between the box crest and pin root, the void space volume
increasing from an external end of the connection to an internal end of the connection. For
example, this is shown in FIG. 1 with little to no void space between box crests and pin roots at
the external end of the connection 124, and closer to internal end of the connection 126, void 108

exists between pin root 116 and box crest 118.

[0032] This change in geometry forms a void allowing excessive thread compound to be moved
into those voids. Such a design provides ample radial interference approaching the external end
of a connection to mitigate the risk of the connection backing off, and provides an advantageous
amount of load flank contact between the load flanks of the box threads and pin threads (see
FIGS. 1 and 2 for example). Geometries of the present disclosure also allow the box crest to
drop down which increases the stab flank length from an external end of the box toward the
internal end of the box. This allows for easier stabbing with a hard stop which will lead to easier
and faster make ups. Void space volumes of the present disclosure are located largely proximate
the load flank side as opposed to the stab flank side. The radius between the pin load flank and

the pin root will be a relatively large radius to reduce peak stresses.

[0033] Although the technology herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative of the
principles and applications of the present technology. It is therefore to be understood that
numerous modifications can be made to the illustrative embodiments and that other arrangements
can be devised without departing from the spirit and scope of the present technology as defined
by the appended claims. Accordingly, the scope of the present disclosure should be determined

by the following claims and their appropriate legal equivalents.

[0034] Although the disclosure has been described with respect to certain features, it should be
understood that the features and embodiments of the features can be combined with other

features and embodiments of those features.

[0035] The singular forms “a,” ““an,” and “the” include plural referents, unless the context clearly

dictates otherwise.
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[0036] Optional or optionally means that the subsequently described event or circumstances can
or may not occur. The description includes instances where the event or circumstance occurs

and instances where it does not occur.

[0037] Ranges may be expressed throughout as from about one particular value, and to about
another particular value. When such a range is expressed, it is to be understood that another
embodiment is from the one particular value and to the other particular value, along with all

combinations within said range.

[0038] As used throughout the disclosure and in the appended claims, the words “comprise,”
“has,” and “include” and all grammatical variations thereof are each intended to have an open,

non-limiting meaning that does not exclude additional elements or steps.

[0039] As used throughout the disclosure, terms such as “first” and “second” are arbitrarily
assigned and are merely intended to differentiate between two or more components of an
apparatus. It is to be understood that the words “first” and “second” serve no other purpose and
are not part of the name or description of the component, nor do they necessarily define a relative
location or position of the component. Furthermore, it is to be understood that that the mere use
of the term “first” and *“‘second” does not require that there be any “third” component, although

that possibility is contemplated under the scope of the present disclosure.

[0040] While the disclosure has been described in conjunction with specific embodiments
thereof, it is evident that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the foregoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations as fall within the spirit and broad
scope of the appended claims. The present disclosure may suitably comprise, consist or consist
essentially of the elements disclosed and may be practiced in the absence of an element not

disclosed.
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WHAT IS CLAIMED IS:
1. A threaded connection comprising:

a pin with a plurality of pin threads, the plurality of pin threads comprising a plurality of

pin crests and plurality of pin roots; and

a box with a plurality of box threads, the box threads comprising a plurality of box crests
and plurality of box roots,

wherein the plurality of box roots and the plurality of pin crests are parallel to a
horizontal axis, and where the plurality of pin roots are parallel to and collinear with a pin root
taper plane, the pin root taper plane being not parallel to the horizontal axis, creating at least one
void space upon make-up of the threaded connection between the plurality of pin crests and the
plurality of box roots, and at least one void space upon make-up between the plurality of pin
roots and the plurality of box crests.

2. The threaded connection of claim 1, wherein the width of pin crests of the plurality of pin
crests increases and the width of pin roots of the plurality of pin roots decreases from an internal

connection end of the pin to an external connect end of the pin.

3. The threaded connection of clam 2, wherein the width of box crests of the plurality of
box crests increases, and the width of box roots of the plurality of box roots decreases, from an

external connection end of the box to an internal connection end of the box.

4. The threaded connection of claim 3, wherein the width of the pin crests increases by
about 0.01”” each rotation from the internal connection end of the pin to the external connection

end of the pin.

5. The threaded connection of claim 4, wherein the width of the box crests increases by
about 0.01” each rotation, and the width of the box roots decreases by about 0.01” each rotation,

from an external connection end of the box to an internal connection end of the box.

6. The threaded connection of claim 1, wherein the pin root taper plane is offset from the

horizontal axis at between about 1 degree and about 6 degrees.

Date Recue/Date Received 2022-08-04
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7. The threaded connection of claim 6, wherein box crests of the plurality of box crests
proximate an external connection end of the box are substantially parallel to the pin root taper
plane and pin roots of the plurality pin roots, and wherein box crests of the plurality of box crests
proximate a internal connection end of the box are substantially parallel to a horizontal axis
increasing the volume of more than one void space upon make-up between the plurality of pin

roots and the plurality of box crests proximate the internal connection end of the box.

8. The threaded connection of claim 7, wherein upon make-up of the threaded connection
doping is disposed substantially within void spaces proximate the internal connection end of the

box.

9. The threaded connection of claim 8, wherein the width of pin crests of the plurality of pin
crests increases and the width of pin roots of the plurality of pin roots decreases from an internal

connection end of the pin to an external connection end of the pin.

10.  The threaded connection of claim 9, wherein the width of box crests of the plurality of
box crests increases, and the width of box roots of the plurality of box roots decreases, from an

external connection end of the box to an internal connection end of the box.

11.  The threaded connection of claim 1, wherein void space upon make-up between the
plurality of pin roots and the plurality of box crests is substantially disposed proximate load
flanks of the pin threads and box threads.

12.  The threaded connection of claim 6, wherein box crests of the plurality of box crests
proximate an external connection end of the box are substantially parallel to the pin root taper
plane and pin roots of the plurality of pin roots causing interference upon make-up of the
threaded connection, and wherein box crests of the plurality of box crests proximate an internal
connection end of the box are substantially parallel to a horizontal axis along a length of about
40% to about 60% of a respective pin root, increasing the volume of more than one void space
upon make-up between the plurality of pin roots and the plurality of box crests proximate the

internal connection end of the box.

13.  The threaded connection of claim 12, wherein upon make-up of the threaded connection
doping is disposed substantially within void spaces proximate the internal connection end of the

box.
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14.  The threaded connection of claim 13, wherein the width of pin crests of the plurality of
pin crests increases and the width of pin roots of the plurality of pin roots decreases from an

internal connection end of the pin to an external connection end of the pin.

15.  The threaded connection of claim 14, wherein the width of box crests of the plurality of
box crests increases, and the width of box roots of the plurality of box roots decreases, from an

external connection end of the box to an internal connection end of the box.

16.  The threaded connection of claim 1, wherein the plurality of box crests and plurality of
pin crests exemplify negative load flank angles from about negative degree 1 to about negative
20 degrees toward an external connection end of the pin and an external connection end of the

box.

17.  The threaded connection of claim 1, wherein parallel void space volume between the
plurality of pin crests and box roots decreases from an external connection end of the box and
pin to an internal connection end of the box and pin, and wherein void space volume between the
plurality of box crests and plurality of pin roots increases from the external connection end of the

box and pin to the internal connection end of the box and pin.
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