I*I Innovation, Sciences et Innovation, Science and CA 2931495 C 2018/04/24
Développement economique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 2 931 495
(12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2014/12/15 (51) CLInt./Int.Cl. F76L 75/06 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2015/06/25 F16L 15/00(2006.01)
- . (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2018/04/24 DEHART. CODY ALLEN. US
(85) Entréee phase nationale/National Entry: 2016/05/24 L
(73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: US 2014/070329 MARUBENI-ITOCHU TUBULARS AMERICA INC.. US

(87) N® publication PCT/PCT Publication No.: 2015/095039 (74) Agent: FINLAYSON & SINGLEHURST
(30) Priorité/Priority: 2013/12/16 (US61/916,621)

(54) Titre : RACCORD FILETE
(54) Title: THREADED CONNECTION

- W
-

5\ . 24 4 0

W

// //@\\?/llllllﬂl Illllll&\

L™ ™
.h-—_..__'-'

(57) Abréegée/Abstract:

A threaded connection (10) having a straight central axis (26), the connection (10) including a plurality of pin threads (20), each pin
thread (20) having a root (42) and a crest (40), and a box (16) having a plurality of box threads (22), each box thread (22) having a
root (50) and a crest (48). The crests (48) of at least a portion of the box threads (22) are curved so that when the pin threads (20)
are fully engaged with the box threads (22), there i1s a void (104) between the roots (42) of the pin threads (20) and the
corresponding curved crests (48) of the box threads (22) to reduce standoff caused by lubricant or other fluids becoming trapped
between the threads as the connection (10) is made up.
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FIG. 3

(57) Abstract: A threaded connection (10) having a straight central axis (26), the connection (10) including a plurality of pin threads
(20), each pin thread (20) having a root (42) and a crest (40), and a box (16) having a plurality of box threads (22), each box thread
(22) having a root (50) and a crest (48). The crests (48) of at least a portion of the box threads (22) are curved so that when the pin
threads (20) are fully engaged with the box threads (22), there 1s a void (104) between the roots (42) of the pin threads (20) and the
corresponding curved crests (48) of the box threads (22) to reduce standoif caused by lubricant or other fluids becoming trapped
between the threads as the connection (10) 1s made up.
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THREADED CONNECTION

FIRLD OF THE INVENTION
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30811 The present technology relates 1o threaded connections for pipes, and i particular 1o
threaded connections for pipes that carry o1l and gas and that have an increased abihity 1o

withstand stress forces.
BACKGROUND

[GOB2] Pipes used, for example, m oiitield pipelines, have been joimned end-to-end 10 transport
cif or other fluids from place to place. Typically, the ends of the pipes are jomed by
threading together the male end of one of the pipes, known as a pin, with the female end of
the other pipe (known as the box). There are a number of different types of connections.
Some connechions are known as mtegral flush connections, wherein the connection 18
machined 1mto the pipe body, without addmg any additional matenal, or up-sething, when
joinng the two pieces of pipe. The result 1s a conncction having an outcr diameter that 18
flush with the outer diameter of the pipes, and an mner diameter that 15 flush with the mner
diameter of the pipes. Most integral flush connections have a tension efficioncy of about
(8% to ahout 72%.

{3063] The term “tension efficiency,” which is someiimes also referred to as “tensile

N

cificiconcy,” generally velfers to the tensile strength of the threaded connection divided by the
tensile strength of the pipe body iself. Furthermore, the torm “ension effcicncy” may also
be used to refer 1o the critical cross-sectional arca divided by the area of the pipe body. Onge
reason that tension efficiency is himited to about the range described above, 15 because when
an mtegral thush connection 18 machimed, matenal 18 cul away from the pipe end 1o form the

thush connection, which leads to a thinmer pipe at the connoction compared to the rest of the

pipe body.

-
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60084 In thrcadced conncctions, there 18 tvpically 8 weak point, which 18 the point where the
connaction 1s most likely to fail. This weak point 18 typically the last engaged thread of the
connection, also referred to as the “crifical cross section.” On g flush connection, the crtical
cross section s maost always on the box. One way 10 increase the strength of a connection,

thercfore, 18 to mininuze the stresses in the last engaged thread.

SUMMARY OF THE INVENTION

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

[G08S] Oone embodiment of the present technology provides a threaded connection having 4
straight central axis. The connection inciudes a pin having an cxternal pin seal surface and an
mternal pin seal surface, the external and internal pin seal surfaces separated by & run-1n pin
thread portion, a pertect pin thread portion, and a nun-out pin thread portion, each pin thread
portion having a plurality of pin threads, each pin thread having a root, a Crest, a stab flank,

and a load flank, the depth of cach pin thread determuned by the distance between the root

and the crest, and the width of each pin thread determined by the distance between the stab
flank and the load tlank., According to one cmbodiment, the roots of adjacent pin threads
align along a pmm taper plane that 18 angied relative t0 the central axis of the connection, the
crests of adjacent pin threads of the run-in pin thread portion ahign along 2 pin run-in plane
that 18 angled relative to the central axys of the connecnion and the pin tapdr plang, the ¢rosts
of adjacent pin threads of the perfect pin thread portion align along a pin perfect plane that 1
substantially parallel to the pin taper plane, and the crests of adjacent pin threads of the run-
out pin thread portion align along a pin run-out plane that 1s substantially paraliel to the

central axas of the connection, and angled relative 1o the pin taper plane.

[B386] The connection also mcludes a box having an mternal box scal surtace and an external
box seal surface, the external and mternal box seal surfaces separated by a run-in box thread
porticn, a perfect box thread portion, and 8 run-out box thread portion, cach box thread
portion having a plurality of box threads, cach box thread having a root, a crest, a stab flank,
and a load tlank, the depth of each box thread determmed by the distance between the root
and the crest, and the width between cach box thread determined by the distance between the
stab flank and the Joad flank of adjacent box threads., According 10 one embodiment, the
crests of adjacent box threads align along a box taper plane that 18 angled relative to the
central axis of the connection, the roots of adjacent box threads of the run-in box thread
portion align along a box run-in plane that 1s angled relative to the central axis of the
connection and the box taper plane, the roots of adjacent box threads of the perfect box thread

portion aliened along a box perfect plane that 1s substantially parallei to the box taper plane,

-
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and the roots of adjacent box threads of the run-out box thread portion align along a box run-

out plane that 18 angled relative 10 the central axis of the connection and the box taper plane,

138871 In addition, the pin threads and the box threads arc arranged so that whon the
connection 18 fully made up, the threads of the run-n pin thread portion engage the threads of
the run-out box thread portion, the threads of the perfect pin thread portion engage the threads
ot the perfect box thread portion, the threads of the run-out box thread portion engage the
threads of the run-in pmn thread portion, the external pin scal surtace sealingly engages the
cxternal box seal surface, and the mtermnal pin scal surface sealingly engages the internal box
seal surface. Furthermore, the width of the pin threads s shightly greater than the width
between corresponding box threads, so that as the pin threads engage with the box threads, an
interfcrence Ix is created between the pin threads and the box threads to limit axial movement
ih the connection under tension and compression and reduce detormation of the seals during

full compression.

[BU08] According to another embodiment of the invention, the pin further ncludes 4 pin
imternal seal diameter, and a pin mternal seal thickness, The ratio of the pin mnternal seal

diameter to the pin internal seal thickness can range from about sixteen to about sixty six.

G009 According 1o vet ancther embodiment of the mvention, the crests of at least a portion
of the box threads can be curved so that when the pin threads are fully engaged with the box
threads, there 18 a voud between the roots of the pin threads and the correspondimng curved
crests of the box threads to reduce standott caused by lubricant or other fluids becoming

trapped between the threads as the connection s made up.

[G018] An alternate ernbodimoent of the present mvention provides a threaded conmection for
connecting two pipes, cach pipe having a substantially simtlar pipe outer diameter and pipe
thickness, the threaded connection having a straight central axis. The connection meludes a
pin having an external pin scal surface, an mternal pm seal surface, a pin miernal seal
diamcter, and a pin mdomal seal thickness., The external and internal pin seal surfaces are
separated by 4 run-in pin thread portion, a perfect pin thread portion, and a run-out pin thread
portion, cach pin thread portion having a plurality of pin threads, each pin thread having a

root, a crost, 4 stab flank, and a load flank.

{38013} The connection turther mcludes a box having an internal box seal surface and an
cxtcmnal box seal surface, the external and mnternal box seal surfaces separated by a run-1n box

thread portion, 4 perfect box thread portion, and a run-out box thread portion, cach box thread

2
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portion having a plurality of box thrcads, cach box thread having a roof, a crest, a stab flank,

and a joad flank.

[5812] According to certam embodiments, the pin threads and the box threads are arranged
30 that when the connection is fully made up, the threads of the run-in pm thread porion
engage the threads of the run-out box thread porlion, the threads of the perfect pin thread
portion engage the threads of the perfect box thread portion, the threads of the run-out box
thread portion engage the threads of the run-in pin thread portion, the oxicrnal pin seal
surface scalingly engages the cxiornal box seal surface, and the wnternal pin scal surface
sealingly engages the miernal box seal surface. In addition, the ratio of the pin internal seal
diameter to the pin internal seal thickness 1s about 1.3 {0 about 6.3 times as great as the ratio

of the pipe outer diameter {0 the pipe thickness,

[638313] According to alternate embodiments, the roots of adjacent pimn threads align along a
pin taper planc that 1s angled relative to the central axis of the connection, the cresis of
adjacent pn threads of the run-in pin thread portion align along 4 pin run-in plane that s
angled relative to the central axis of the connection and the pin taper plane, the crests of
adiacent threads of the perfect pin portion align along a pin perfect plane that 1s substantialily
paralicl 1o the pwn taper plane, and the crests of adjacent pin threads of the run-out pin thread
portion align along a pin run-out plane that 1s substantially paraliel to the central axis ot the
connection, and angled relative to the pin taper plane. Sumilarly, the crests of adjacent box
threads can align along a box taper plane that 18 angled relative to the central axis of the
connection, the roots of adjacent box threads of the run-m box thread portion can ahgn along
a bOX run-in plane that 1s angled relative to the central axis of the connection and the box
taper plane, the roots of adjacent box threads of the perfect box thread portion can align along
a box perfect plane that 13 substantially parallel to the box faper plane, and the roots of
adiacent box threads of the run-out box thread portion can align along a hox run-out plane

that 1s angled relative {0 the central axis of the connection and the box taper plane.

{3814} In other example emboduments, the width of the pin threads can be shightly greater
than the width between adjacent box threads, so that as the pin threads engage with the box
threads, an mterference fit is created between the pin threads and the box threads to himu
axial movement i the connection under tension and compression and reduce deformation of
the seals during tull compression. Further, the Crests of at least a portion of the box threads
can be curved 50 that when the pin threads are fully engaged with the box throads, there s a

void Detween the root of the pin threads and the comrespondmg curved crests of the box
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throads 1o reduce standoff causced by lubricant or othoer fhuids becoming trapped botween the

threads as the connection 18 made up.

[3015] Another altornate embodiment of the present wmvention provides a  threaded
connection having a straight confral axis. The connection mnchudes a pmn having an exicrnal
mn seal surface and an intermal pin seal surface, the exiernal and wnternal pin seal surfaces
separated by a run-1n pio thread portion, a perlect pin thread portion, and a ran-out pin thread
portion, each pin thread portion having a plurality of pn threads, cach pin thread having a
root, a crest, a stab flank, and g foad tlank. The connection also includes g box having an
mmternal box seal surtace and an external box seal surface, the external and internal box seal
surfaces separated by a run-in box thread portion, a perfect box thread portion, and a ran-out
box thread portion, cach box thread portion having a plurality of box threads, cach box thread

having a root, a crest, a stab flank, and a load flank.

[#8316] The pm threads and the box threads are arranged so that when the connection is fully
made up, the threads of the run-in pin thread portion ongage the threads of the run-out box
thread portion, the threads of the perfect pin thread portion engage the threads of the perfect
box thread portion, the threads of the run-out box thread portion engage the threads of the
run-i1n pin thread portion, the extornal pin scal surface scablingly ¢cngages the external box scal
surtace, and the mternal pin seal surface sealingly engages the mtomal box seal surtace. In
addition, the Crests of at least 2 portion of the box threads being curved so that when the pin
threads are filly engaged with the box threads, there 15 a void between the roots of the pm
threads and the corresponding curved crests of the box threads 10 reduce standolt caused by

labricant or other fuids bocoming trapped between the threads as the connection 18 made up.

(68171 In some cmbodiments, the roots of adjacent pin threads can align along a pin faper
plane that 1s angled relative 0 the cantral axis of the connection, the crests of adjacent pin
threads of the run-in pin thread portion can align glong a pin run-in plane that 1 angled
reiative to the central axis of the connection and the pin taper piane, the crests of adjacent pm
threads of the perfect pin portion can align along a pmn perfect plane that 18 substantially
paralicl to the pin taper plane, and the crests of adjacent pan threads of the run-out pin thread
portion can align along a pin run-out plane that 18 substannally paraliel to the ceniral axis of
the connection, and angled relative to the pin taper plane. Similarly, the crests of adjacent
box threads can align along a box taper planc that 1s angled relative {0 the central axis of the
connection, the roots of adjacent box threads of the run-mn box thread portion can align along

a box run-in planc that is angled relative to the central axis of the connection and the box

!;}}
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taper plance, the roots of adjacent box threads of the periect box thread portion can align along
a box perfect plane that 18 substantially parallel (o the box taper plane, and the roots of
adiacent box threads of the run-out box thread porfion can ahign along g box run-out plang

that 1s angied relative 10 the central axis of the connection and the box taper planc.

|6018] According to some alternate embodiments, the width of the pin threads can be slightly
oreater than the width between adiacent box threads, so that as the pm threads engage with
the box threads, an mtericrence 1t 18 created between the pin threads and the box threads 1o
limit axial movement i the connection under tension and compression and reduce
detormation of the seals during full compression. In addition, the pin can further mclude a
pin internal seal diameter, and a pin mternal seal thackness, and the ratio of the pin internal
seal diameter 10 the pm internal seal thickness can range from about sixteen {0 about sixty

§1X.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present technology will be better understood on reading the following detailed
description of nonlimiting embodiments thereof, and on examining the accompanying

drawings, in which:

[0020] Fig. 1 1s a perspective view of a threaded connection according to an embodiment of

the present technology;

[0021] Fig. 2 1s an enlarged cross-sectional view of the stress relieving threads of the

threaded connection of Fig. 3 as indicated by area 2 of Fig. 3;

[0022] Fig. 3 is a side cross-sectional view of an integral flush threaded connection taken

along line 3-3 of Fig. 1;

[0023] Fig. 4 is an enlarged side cross-sectional view of a portion of the threaded connection

indicated by area 3 of Fig. 3;

[0024] Fig. 5 1s an enlarged side cross-sectional view of a portion of the threaded connection

indicated by area 5 of Fig. 3;

[0025] Fig. 6 1s an enlarged side cross-sectional view ot a portion of the threaded connection

indicated by area 6 of Fig. 3;

[0026] Fig. 7 1s a side cross-sectional view of the pin end of the threaded connection of Fig.

3;

[0027] Fig. 8 1s an enlarged side cross-sectional view of example perfect threads of the pin

end of the threaded connection shown in Fig. 7;

[0028] Fig. 9 1s a side cross-sectional view of the box end of the threaded connection of Fig.

3;

[0029] Fig. 10 1s an enlarged side cross-sectional view of example threads of the box end of

the threaded connection shown in Fig. 9;

[0030] Fig. 11 1s an enlarged side cross-sectional view of a portion of the threaded

connection according to an embodiment of the present technology; and

[0031] Fig. 12 1s a side cross-sectional view of a semi-flush connection according to an

alternate embodiment of the present technology.

[0031a] Fig. 13 is a perspective view of the threaded connection of Fig. 1 in an unenergized

state with box internal seal diameter 17 and pin external seal diameter 19.

7.
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DETAILED DESCRIPTION OF THE EXEMPLARY BMBODHMBENTS

[3832] The foregoing aspects, features, and advantages of the present technology will be
turther appreciated when considered with reference to the followme descripfion of pretferred
cmbodiments and accompanying drawings, wheremn like reference numerals represent like
clements.  In describing the preferred emboduments of the technology illustrated m the

appended drawings, specific termumotogy will be used for the sake of clanty. However, the

cmbodiments arc not miended 10 be lumted to the specific terms used, and 1t 18 0 be
understood that cach specific term includes equivalents that operate i g simidar manner 10

accomplish a stmilar purpose.

[G033] Fig. 1 depicts an sometric perspective view of an mntegral flush threaded connection
10 accordimg to an example embodunent of the prosent technology. As used herein, the term
“mtegral flush connection”™ or “tihush connection” is used 1o refer 10 a connection that 18
machined mnto a pipe body without adding any additional material or up-setting to help jom
two pieces of pipe, such that the cuter diameter of the connection 18 flush with the outer
diameter of the adjacent pipe sections and the mner diameter of the connection 1s also flush
with the wmner diameter of the adjacent pipe sections, as described more fully below. It
should be appreciated that other connection types are possibie whale stidl complyving with the
principles disclosed herein, For example, in other emboduments the connection may be a
tlush connection, semi-tlush connection, thush expandable connection, semi-flush expandable

connection, or any other appropriate type of connection.

[3834] The connection 10 of the embodiment of Fig. 1 mchudes a first tubular member 12 and
a second tubular member 14, The end portion of the first tubular member 12 18 the pmm 16,
which 18 the male portion of the connection 10, The end portion of the second twbular
member 14 is the box 18, which 18 the fomale portion of the connection 1. As shown, the
pin 16 has pm threads 20 that correspond to box threads 22 such that the pin 16 and the box
18 can be threadedly engaged to make up the connection 18, When the connection 16 1s fully
made up, scal surfaces (shown and described m detail below) on the pm 16 and the box 18
mteract to form an internal seal 23 and an external seal 24 between the pin 16 and the box 1§,
therchy preventing fluids, which flow through the first and second tubular members 12, 14
and the connection 10, from leaking., Throughout the description of the embodiments herein,
the term “thuds” 18 meant to mehade both hiquids and gases. It should be appreciated that
at least some embodiments, tubular mombers may comprise any suitable fubular member for

use within both mdustnal and non-industrial applications.  For exampie, 1 some

8-
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cmbodiments, tubular members comprisce a commonly uscd tubular member i the ot and gas

industry, such as, for exarple, casing pipe, production tubing, or drill pipe.

[3035] Fig. 2 shows an enlarged cross-sectional view of select pin threads 20 known as stress
relieving threads 20b. Particularly shown m Fip. 2 18 the last engaped thread 20a of the
connection 13, This last engaged thread 20a s typcally the weak pomt o the connection,
and corresponds to the critcal cross section of the box 18, mdicated by plane 25. The stress
reiieving threads 20b perform two functions to reduce stresses at the oritical Cross section 25,
First, the stress relieving threads 20b allow the material mass, or thickness of the box 18, at
the critical cross section 23 10 be increased {€.g., by providing additional clearance). Second,
the stress reheving threads 20b reduce the stress being mduced by the pin 16 at the critical
cross section 25 of the box 18 {e.g., by allowing the stress relicving threads 20b to deform m

response to a tensile load on the ¢connection 10).

[#036] To accomplish these two functions, the siress relieving threads 20b have stress
rehieving thread crests 27 that taper imwardly from a larger diameter 10 a smaller diameter, as
shiown., These tapered stress relicving thread crests 27 provide clearance 29 between the
tapered stress relieving thread crests 27 and corresponding box thread roots 50, This
clearance 29 allows the stress rehicving thrcads 20b to move and/or deform such that the
entire tensiie oad 1s not fransterred to the box thread roots 580 Thus, the stress relieving
threads 20b act, 1 some embodiments, ke a spring or damper 1o gently apply the tensile
load, and cvenly distribute the resulting stresses through the connection 10, In some
cimbodiments, the stress reheving threads can imncrease the tension efhiciency of the

connection 10 to 379% or greater.

60371 Reforring still to Fig 2, there 1s shown a stress reliet grocove 31 that can be located on
the box 18, The stress relief groove 31 can be located adjacent the critical Cross section 25 of
the box 1&, and mcludes a smooth curved or radiused surface 33, In embodiments where the
stress reliet groove 31 18 present, the smooth curved nature of the surtace 33 further reduces
the stress concentration that 13 apphied o this section of the box 13, which therehby turther

mereases the overall tension efficiency of the connection 14,

[3038] Reforring now 1o Fig, 3, when the pin 16 18 nserted within and threadedly engagod
with the box 18, the resulting connection 10 connects the tubular members 12, 14 {0 one
another, and coaxially aligns each of the tubular members 12, 14 along a common central
axis 20. In addition, the pmn 14 meludes a vadially mnermost oylindrical surtace 28 while the

box LY mchudes a radially outermost cylindrical surface 30, Further, the tubular membcers 12,

9.
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14 cach also mclude radially mmost cviindrical surtaces 32, 34, respectively, and radially
outermost eylmdrical surtaces 36, 38, respectively. In the specific implementation shown 1o
Fig. 3, connection 10 18 2 flush connection, whach 1§ used heremn to refer t0 a connection
which radially mnermost and radially outermost surfaces are flush or co-planar with the
corrcsponding radially inncrmost and outcrmost surfacces of the corresponding tubular
members 12, 14, Thas, for the connection 10, the radially mnermost surtaces 32, 28, 34 of
the tubular member 12, pin 14, and tubular member 14, respectively, are all flush (i.e., co-
planar} with one another. Simtilarly, the radially cutermaost surfaces 36, 30, 38 of the tubular
member 12, box 1%, and tubular member 14, respectively, are all tlush {1.e., co-planar} with

one another when the connection {018 fully made up m the manner shown 1n Fig. 3.

{6391 Fio. 4 depicts an indrvidual pin thread 20, and portions of adjacent box threads 22,
and serves to Hlustrate certain features of the threads. As shown, each pin thread 20 mcludes
a pin thread crest 40, a pin thread root 42, a pn thread load flank 44, and a pin thread stab
flank 46, Sinularly, each box thread 27 includes a box thread crest 48, a box thread root 50, a
box thread load flank 54, and a box thread stab tlank 52, In the embodumnent shown m Fig, 4,
the connection 1€ 18 fully made up. The width {iLe., the distance between the load flank and
the stab flank of cach thread) of the threads 20, 22 18 such that there 1 miterference botween
the load tlanks 44 of the pin threads 20 and the stab flanks 52 of the box threads 22. Such
interference between the load tlanks 44 and the stab flanks 52 can be, m some embodiments,
as small as 0005 or less. At the same time, the depth (1.¢., the distance between the crest and
root of each thread) of the threads 20, 2727 15 such that there 18 no miertercnce between the
crests 40 of the pin threads 20 and the roots 48 of the box threads 22, or vice versa, The flank
to flank mterference shown in Fig. 4 15 advantageous because 1t reduces linear or axial
movement m the connection 18 under tension and compression, whch will save the seals
from permancnt detormation durning full compression. Thas 18 achieved by the stab flank of a
grven thread taking the full load under compression, and not aliowing the pin or Box 10 move

relative to one another, which wonld cause additional stress on the seal.

[3340] Frig. 5 shows an eplarged view of the mnternal seal 23 of the connection 18 m an
cnergized state when the connection 10 1s fully made up. As can be seen, the mternal seal 23
18 created when an mtornal pin scal surface 56 of the pin 16 contacts an internal box scal
surface 58 of the box 13, In an unenergized state the mternal pin seal surface 36 15 radally
spaced from the mnermost cvimdrical surface 28 of the pin 16, Simularly, in the unenergized

state the internal box seal swrface 58 18 radially spaced from the outermast cvlimdrical surface
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38 of the box 18, When the threads 20, 22 of the pin 16 and the box 18, however, are fully
engaged, the miernal pm seal surface 56 and the mitemal box seal surface 58 come mto
interference and are encrgized. This mterforence causes one or both of the pin 16 and/or the
box 18 to detorm, and the seal surfaces 56, 58 10 be fightly pressed so that no thid can leak
through the scal. In the cmbodiment shown in Fig. 5, the miternal pmm scal surface 56 and
mternal box seal surface 58 are metal, 50 that the wternal seal 23 18 g metal-to-metal seal. In
alternate cmbodiments, however, one or both internal pin and box seal surfaces 56, 58 could
be coated with a coating to reduce galling which may, for example, help to increase

seatability.

[8041] Fig. 6 shows an enlarged view of the external seal 24 of the connection 10 1n an
encrgized state when the connection 10 1s fully made up. As can be scen, the exicrnal seal 24
15 ¢reated when an external box scal surface 00 of the box 1¥ ¢contacts an external pin seal
surface 62 of the pin 16, In an unenergized state the external box seal surface 60 15 radially
spaced from the outermost cylindrical surface 30 of the box 18, Sumilarly, 1 the unenergize

state the cxternal pin scal surtace 02 s radially spaced from the mnermost cvlindrical suriace
28 of the pin 16, When the threads 20, 22 of the pin 16 and the box 1¥, however, are fully
engaged, the external box seal surface 60 and the external pin seal surtace 62 come mto
interference and are energized. This mterforence causes one o1 both of the pin 16 and/or the
box 18 to detorm, and the seal surfaces 6{, 62 to be tightly pressed so that no thid can leak
through the seal. In the embodiment shown mn g, 6, the external box seal surtface 60 and
cxternal pin seal surface 62 are metal, so that the mternal scal 23 15 a metal-to-metal seal. In
alternate embodiments, however, one or both internal box and pin seal surfaces 60, 62 could
be coated with a coating to reduce galling which may, for example, help to increase

sealability.

[5U42] Relerming now to Fig, 7, an enlarged cross-sectional view of the pmm 16 is shown, 1n
addition to radially mpnermost ¢cvhindrical surface 2%, previcusly described, pin 16 also
imciudes a pin nose 64, a pin shoulder 66 extending radially mward from the radially
outermost surface 36 of {ubular member 12, as well as the previously described mternal pm
seal surtace 56 cxtendmg substantially axially from the pin nose 64, the external pmn seal
surtace 62 cxicnding substantially axially from the pin shoulder 66, and the plurahity of pin
threads 20 between the mternal and external pin secal surfaces 56, 62. As shown m Ing. 7, the
pin shoulder 66 can be angled forward, so that the portion of the pin shoulder 66 fhush with

the radially outermost surface 36 extends bevond the base of the pin shoulder 66. Such an

1
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angled shoulder 66 gives the connection 18 a3 positive stop and stores additional torgue in the
connection 10 while being made up. The pin threads 20 are formed as a single, continpous
groove m the pin 16, and generally correspond o run-in pin thread portion 68 adjacent the
internal pin seal surface 56, a run-out pin thread poriton 78 adjacent the external pin scal
surtace 62, and a perfect pin thread portion 72 boetween the run-in pin thread portion 68 and

the ran-out pin thread portion 76,

[BU043] The pm midornal scal thickness Tp 1 the measure of the thickness of the pmn 16
between the mternal pin seal surface 36 and the radially inner most cvlindrical surface 28,
Typically the pin mnternal seal thickness Tp 18 measured at the gauge pomnt of the mtemal pin
seal surface 56. The ratio of the pin wnternal seal thickness Tp to the pin internal scal diameter
Dy can be compared to a corresponding ratio of the tubular member thickness Ty to tubular
member outer diameter Dy Such ratio can be applicd t0 pipes of differing size, weighis,
grades, eic. to help achieve design conssstency across the product hine. In the embodiments
shiown, the Dp/1e ratio can be about 1.3 to about 6.3 or greater times the Dpw/Trw ratio.
Alternately, m other embodiments, the Dp/To ratio can be about 10 to 66. (Of course, such
spectiic ratios and comparisens are exeraplary only, and any appropriate dimensions ¢an be

used depending on the particular connection design.

[#344] The relative position of the pm thread root 42 of each pin thread 20 between the
external pin seal surface 66 and the internal pin seal surface 56 1s aligned along a pin taper
plane 74 that 15 angled relative to the centerline 26 at an angle Hp. Thus, as shown, the
relative postiions of the pin thread roots 42 of the pin threads 20 tapor mward toward the
centerline 26 from the external pin seal surtace 60 to the mternal pin seal surtace 56, In some
cmbodiments, the angle 8y may preferably range from about 3° t0 4° depending on the overall

size and prich of connection; however, other values are possible.

[63345] The relative position of each pin thread crest 40 of cach pin thread 20 in the run-in pin
thread portion 68 1s aligned along a pin run-in plane 76 that 1s angled relative to the centerline
26 at an angle ®p. Thus, the relative positions of the pin thread crests 40 of the pin threads 20
of the run-in pwn thread portion 68 taper radhally mward toward the centerhne 26 from the
periect pin thread portion 72 10 the mitomal pin seal surtace 56 along the pin run-1n plane 76.
In the embodiment of Fig. 7, the angle ©p may preferably range between about 4° to 5°
relative to the centerline 26, depending on the overall size and pitch of the connection 10;
however, other angle values are possibie. For example, m some embodiments, the angle ®p

may range from 2° 10 5° while still complyving with the principles disclosed herein. Thus, the
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anglc ©p of the pin run-n planc 76 15 greater than the angle Bp of the pin taper plance 74, such
that the pin thread crests 40 of the run-1n pin thread portion 68 taper more steeply mwardly
toward the conterline 26 than the pin thread roots 42 of that portion. The pin thread roots 42
of cach ot the pin threads 20 in the run-in pmn thread portion 08 are parallel to the centerline

20.

[3846] The relative position of each pin thread crest 40 of each pin thread 20 1o the perfect
pin thread portion 72 18 aiigned along a pin perfect plane 7% that 18 substantially parallel 1o
the pimn faper plane 74, and that 18 thus angled relative 10 the conterline 26 at the angle 8p. The
retative positions of the pin thread crests 40 of the pin threads 20 of the periect pin thread
portion 72 taper radially mward toward the centerline 26 from the run-out pin thread portion
70 to the run-in pin thread portion 68 along the pin periect plane 78, In some example
embodiments, the taper of the pin perfect plane 18 dependent on the diameter and wall
thickness of the tubular members. For example, 1f the tubular members have an outside
diameter to wall thickness ratio of about twenty, then the pin perfect plane of the cross-
section shown 1 Fig. 7 could taper at a rate of gbout 0.0673 mches per hnear inch.
Alternately, if the tubular members have an outside diameter 10 wall thickness ratio of about
fourteen, then the pin perfect plang of the ¢ross-section shown in Fig, 7 could taper at a rafe
of about 8.8559 inches per linear inch. Of course, the pmn perfect plane can have other tapers

not specifically disciosed herein, depending on the particular design of each connection.

[#847] The relative position of the pin thread crest 40 of each pin thread 20 10 the run-out pm
thread portion 70 1s aligned along a pin ran-out plane 80 that 15 substantially paraliel to the
centerline 26. In addition, cach of the individual pin thread crests 40 and pin thread roots 42
of the run-out pin thread portion 70 may be oriented parallel o the centerline, although the

retative position of adjacent pin thread roots 42 varies along the pin taper plang 74,

[6348] Relermming now (o Fig. 3, there 1s shown an enlarged partial cross-sectional view of a
plurality of pin threads 20 located m the perfect pin thread portion 72, Each pin thread 20
includes a pin thread crest 443, a pin thread root 42, a pm thread load tlank 44, and a pmn
thread stab flank 46, In this erabodiment, and along thas portion of the pin 16, each of the pin
thread crests 40 and pin thread roots 42 are ortented parallel 1o the centerline 26. For clarity,
a representative centeriine 20A is shown i close proxinuty (o pin threads 20 rather than the
actual centerline, to allow the relative angles of gach component and/or feature of the pin
threads 20 10 be referenced. Kepresentative centerline 20A 18 parallel to centerline 26, and

thus, all relative angles 1o representative centerline Z0A will be the same as for centerline 26,
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8048 As shown 1 Fig. 8, cach pin thread stab fank 46 18 oriented at an angle ap relative to
a perpendicular plane 82 extending perpendicularly to representative centerling 26A, while
cach pin thread load flank 44 15 oriented at an angle By relative to the porpendicular plane 82,
in at icast some embodiments, the absolute vahie of the angle gp 18 greater than the absolute
vahue of the angle Pe. Furthor, in the cmbodiment shown m Fig. &, the anglc ap of the pm
thread stab flank 46 can be about 9°, whale the angle Pp of the pin thread 1oad Hlank 44 ¢an be
about -5°. [t may provide an advantage to have the angle ap of the pin thread stab flank 46 be
orcater than the angle Bp of the pin thread load flank 44 to allow for clearance during makeup
of the connection. Any acceptable angle, however, may be used m either case, For exampile,
in some embodiments the values for the angle ap may range from 9° to 20° and the values for
the angle By may range from -4° 10 -9° while still complyving with the principles disclosed
heremn. In alternative ermnboduments, these angles could be changed for any reason, such as,

for example, for ease of manutacturing.

(G050} Furthermore, and also as shown m Fig. §, each of the transitions between the pm
thread surfaces can be radmused. For cxample, the transition between the pin thread crest 40
and the pin thread stab flank 46 for the shown threads can have a specified radius of

curvature Kpy, the fransifion between pimn thread crest 40 and pwn thread load flank 44 can

.

have a radius of curvature Ryp,, the transition between the pm thread root 42 and the pimn
thread load flank 44 can have a radms of curvature Rps, and the transition between the pin
thread root 42 and the pin thread load flank 46 can have a radws of curvature Rps. It should
be appreciated that all other threads along pin 16 can be are stmularly radused between cach
pair of adjacent mfersecting surfaces.  The radwsed transitions described hercin are
advantageous because the help to guide the pin threads 26 and box threads 22 as they engage
during makeup of the connection 10. In addition, the radnised transitions help to reduce
calling, mmoprove safety tor personnel handhng the components of the connecction, and
increase fatigue life because they reduce or climunate siress concentrations that would

otherwise occuy i sharp cormers,

[3831] Fig. 9 shows an enlarged cross-sectional view of the box 16 including box threads 22,
which extend between the mnternal box seal surface 58 and the external box seal surtace 60
In addition to the radially outcermost cyiindrical surface 30, described above, box 18 also
mcludes a box shoulder 24, as well as the previcushy described external box sgal surface 5§
extending substantially axially from the box shoulder 84, the mnternal box seal surface S8, and

the plurality of box threads 27 between the external and mternal box seal surfaces 60, 38, In

14
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some ombodiments, this anglc may be shightly diffcrent than the angle of the pin shoulder 66,
Such a ditference wn angles can help o prevent vielding of the pmn shoulder 66, and can help
1o engage the external seal. The box threads 22 are formed 4s 3 sigle, continuous groove m
the box 18, and generally correspond {0 run-in box thread portion 88 adjacent the external
box scal surface 00, a run-out box thrcad portion 90 adiacent the mternal box scal surface 3¢,
and a pertect box thread portion 92 between the run-in box thread portion 88 and the run-out

box thread portion 90,

[B8521 The relative position of cach box thread crost 48 of each box thread 22 between the
external box seal surface 60 and the internal box seal surface 3% 15 aligned zlong a box taper
plane 94 that 15 angled relative to the centerline 26 at an angle Uy (the centerline 26 1s
substantially paraliel to the radially outermost eviindrical surface 34). Thus, as shown, the
relative positions of the box thread crests 4¥ of the box threads 22 taper maward toward the
centerhine 26 from the exiernal box seal surtace 60 o the micrnal box seal surface 58, In
some embodiments, the angle O may preferably range from about 3° to 4° depending on the
overall size and pitch of connection; however, other values are possible. For example,

some embodiments, the angle Ug may range from 1.5 to 6 while stidl complyving with the

-'-J

principles disclosed herein,

[#053] The relative posttion of cach box thread root 50 of cach box thread 22 in the run-in
box thread portion 88 1s aligned along a box run-in plane 96 that 18 substantially paralle! to
the centerline 26. In addition, each of the individual box thread roots 50 and pin thread crests
48 of the run-in box thread portion 88 may be oricnicd parallel 1o the centerling, although the

reiative position of adjacent box thread ¢rests 4« varies along the box faper plane 94,

[8854] The relative position of cach box thread root 50 of cach box thread 22 in the pertfect
box thread portion 92 1g aligned along a bex perfect plane 9§ that 1s substantially parallel to
the box taper plane Y4, and that 15 thus angled refative to the centerline 26 at the angle Os.
The relative positions of the box thread roots 30 of the box threads 227 of the pertect box
thread portion 92 taper radially mmward toward the centerline 26 from the run-in box thread

portion 66 10 the run-out box thread portion 38 along the box periect plane 98,

[BUS5] The relafive posttion of cach box thread root 50 of cach box thread 22 in the run-out
box thread portion 90 18 aligned along a box run-out plane 100 that is angled relative to the
centterling 20 at an angle @y, Thus, the relative positions of the box thread roots 50 of the
box threads 22 of the rup-out box thread portion 938 taper radially mward toward the

conterline 26 from the poricct box thread portion 92 1o the mternal box scal surface 58 along
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the box run-out planc 100, In the cmbodiment of Fig. 9, the anglc @p may prefcrably range
between about 4° 1o 3° relative to the centerling 26, depending on the overall s1ze and pitch of
the comnection 10; however, other angle values are possible.  For example, 1in some
cmbodiments, the angle Bp may range from 3 to 8 while still complying with the principies
discloscd herem. Thus, the angle @ of the box run-out planc 100 18 greater than angle Og of
the box taper plance Y4, such that the box thread roots 50 of the run-out box thread portion Y0
taper more steeply inwardly toward the centerline 26 than the box thread crests 4% of that
portion. While cach of the box thread roots S8 have a relative position along its respective
plane, depending on whether i corresponds 1o the run-in box thread portion 8%, the pertect
hox thread portion 92, or the run-out box thread portion 90, cach of the mdavidual box thread

oots 50 18 onented substantiaily paraliel 1o the centeriine 26.

1688561 Reterring now 10 Fig. 1Q, there 18 shown an enlarged partial cross-sectional view of a

plaratity of box threads 22 located 1o the perfect box thread portion 92, Each box thread 22
meiudes 4 box thread crest 48, a box thread root 538, a box thyead load tlank 54, and a box
thread stab flank 52, In the cmbodiment of Fig. 14, and along the portion of the box 16
shown, each of the box thread crests 4% are oriented parallel to the centerline 26. For clarity,
4 representative centerfine 268 18 shown 1o ¢lose proxumity 10 pin threads 22 vather than the
actual centerline, to allow the relative angles of cach component and/or feature of the pin
threads 20 to be referenced. Kepresentative centerline 268 15 parallel to centerline 26, and

thas, all relative angles 1o representative centerhne 268 will be the same as {for centerling 26,

[BUSTY As shown i Fig. 10, cach box thread stab flank 532 18 orented at an angle g relative
to a perpendicular plance 102 cxtending peorpendicularly 1o representative centerline 2618,
while each box thread load flank 54 15 oriented at an angle Py relative to the perpendicular
plane &2, In at least some embodiments, the absolule value of the angle ap 18 greater than the
absolute value of the angle ap. urther, n the embodiment shown mn Fig, 10, the angle ap of
the box thread stab flank 52 can be about 9°, while the angle By of the box thread ioad flank
34 can be about -5°. It may provide an advantage t0 have the angle ap of the box thread stab
flank 52 be greater than the angle g of the box thread load tlank 54 1o allow for clearance
during makeup of the connection.  Any acceptable angle, however, may be used n erther
case. For cxample, i some ¢mbodiments the valucs for the angle may range from 1.5 10 6
and the values for the angle g may range from 3 to &, while stidl complving with the

principies disclosed herein
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[B058] Furthormore, and also as shown in Fig. 18, cach of the transitions betwocen the box
thread surfaces can be radiused. For example, the transttion between the box thread crest 4€
and the box thread stab flank 52 for the shown threads can have a specified radius of
curvature Ry, , the transifion between box thread crest 48 and box thread load flank 54 can
have a radigs of curvature Rpy, the transition betwoen the box thread root 50 and the box
thread load tlank 54 cawn have a radius of curvature Rps, and the transition between the box
thread root 50 and the box thread stab flank 52 can have a radius of curvature Rps. It should
be appreciated that all other threads along box 18 can be similarly radiused between each pair
of adjacent intersecting surtaces. The radwsed transitions described heremn are advantageous
because the help 1o guide the pm threads 20 and box threads 22 4s they engage during
makeup of the connection 10. In addition, the radiused transitions help to reduce palling,
unprove satety for personnel handimyg the components of the connection, and ncrease fatigue
life because they reduce or ehinunate siress concentrations that would otherwise ¢oocur m

sharp COorners.

[B859] In addition, and as will be discussed in more detaid below, the box thread crest 48 of
cach box thread 22 can also be radiused or curved, rather than planar as is the case for the pin
thread crests 40 of pmn threads 20, In particular, cach box thread crest 4% 18 shown to have a
radius of curvature Rps extending across the wudth of the box thread 22, The radws of
curvature Rys varies with cach box thread 22 depending on the lead of the thread. The lead
of cach thread 15 the distance from a point on the thread to the corresponding pomnt on an
adjacent thread. In one embodiment, the depth of the box thread load Hlank 54 18 equal to the
lead multiphied by about (.168 (fead * §.168). The depth of the box thread stab flank 52 18
cqual to the depth of the box thread load flank 54 multiplied by about 0.986 {depth of box
thread load fank 54 * 0,986} In such an embodiment, the radius of curvature Kps of the box

Ay
!

thread crest 4€ 18 equal to half the product of the lead multiplied by 2.357 ((lead * 2.357V2).

{30601 The curvature of box thread crests 4% allows for the creation of a vord 104 (shown and
discussed 1n greater depth m Fig. 11) between each box thread crest 48 and a corresponding
pin thread root 42 when the connection 10 1s fully made up. Such a voud 104 provides a place
for thuids, such as lubricating thud, or pipe dope, to gather, therehy reducing the probiem of
hydraulic lock and standoif. In addition, the radiuscd box thrcad crests 43 allow for a deeper
stab when the connection 10 18 made up, thereby reducing the number of turns necessary
during makeup. This 1o tum leads 1o reduced galling nsk of the seal surtaces, {eading 10 a

hetter seal between seal surfaces. In certain embodiments, the cross-sectional area of the void
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104 can be about 0.0019 1. The void 104 can have g volume over the course of the entire

connection of about 0.744 in”.

(3063 Reterning again to Fig 3, when the pin 16 and box 18 are fully made up, the mtemal
pin seal surface 56 and internal box seal surface 5¥ scalingly cngage one another 1o resirict
Huid from flowing between the miterror of tubular members 12, 14 and connection 10,
Symularly, the external pin seal surface 62 and external box seal surface 60 sealingly engage
one another 1o restrict fimd from flowing between the connechion 10 and the extenior of
tubular members 12, 14, In addition, when pin 16 and the box I8 are fully made up, the pin
threads 20 of the run-n pin thread portion 68 engage the box threads 22 of the run-out box
thread portion 90, the pin threads 20 of the pertect pm thread portion 72 engage the box
threads 22 of the perfcct box thread portion 92, and the pin threads 20 of the run-out pm
thread portion 70 engage the box threads 22 of the run-1n box thread portion 88, It should be
noled that the pitch of the pin threads 20 1s the same as the pich for the corresponding box

threads 272,

(6862} Reforrning now to Fig. 11, there 18 depicted an enlarged cross-sectional view of the
engaged pin threads 20 and box threads 22 of the perfect pin and box thread portions 72, 9.

Fach of tho threads 18 tully ongaged along the flanks.  In some ombodiments, as discassed
above with reference 10 Fig. 4, there cap be an mtericrence it between the flanks of the pm
threads 20 and the fianks of the box threads 8. Thus, pin threads 20 and box threads 22 can

have tlank-to-tlank interterence with one another upon full makeup ot the connection 1.

[8363] In addition, Fig. 11 depicts the curvature of the box thread crest 48 which creates 4
vord 14 hetwoen the threads when the connection 10 15 made up. Among other purposes
and functions, the void 14 provides clearance for thuds (e.g.. pipe dope or lubricanis) 1o

{low therethrough during final makeup of connection.

[3064] In some erabodiments, the connection 10 may not be formed as an mtegral tlosh
connection 10, such as 18 shown m Fig. 3 and described above.  Insigad, in other
impiementations, the technology disclosed herein may be mmplemented 1 other types of
connections, such as, for example, the semu-flush connection 110 shown i kg 12
{Connection 110 may gencrally mclude g pin 116 disposcd on one ¢nd of a first tubular
member 112, and a corresponding box 118 disposed on an end of a second tubular member
114, One difference between the senui-flush connection 110 shown 1n Fig, 12, however, and
the connection 10 shown and described above, 1s that the radial outermost surtace 130 of the

serot-Hush connection 1s not thush with outer surfaces 126, 138 of the fust and sccond tubular
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mombers 112, 114, respectively. Al of the features shown and described above, howover,
with respect 1o the pin and box threads and seals may still be mcluded 1n the senu-tlush

connection 110 shown in Fig. 12,

[{3865] Although the technology hercin has been described with reference 10 particular
cmbodiments, it 1s (o be understood that these embodiments are merely illustrative of the
principles and apphications of the present techuology. It 1§ theretore to be understood that
numerous modifications can be made to the illustrative emboduments and that other
arrangements can be devised without departing from the spirit and scope of the present

technoiogy as defined by the appended claums.
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What is claimed is:

1. A threaded connection having a straight central axis, the connection
comprising:

a pin having an external pin seal surface and an internal pin seal surtace, the external
and internal pin seal surfaces separated by a run-in pin thread portion, a perfect pin thread
portion, and a run-out pin thread portion, each pin thread portion having a plurality of pin
threads, each pin thread having a root, a crest, a stab flank, and a load flank, the depth of
each pin thread determined by the distance between the root and the crest, and the width of
cach pin thread determined by the distance between the stab flank and the load flank,
wherein each stab flank 1s angled between 9° and 20° relative to a plane perpendicular to
the straight central axis and toward the external pin seal surface, wherein each load flank
is angled between -4° to -9° relative to the plane perpendicular to the straight central axis
and toward the external pin seal surface, and wherein for each pin thread an absolute value
of the angle of the stab flank is greater than én absolute value of the angle of the load flank;

the roots of adjacent pin threads aligned along a pin taper plane that is
angled relative to the central axis of the connection;

the crests of adjacent pin threads of the run-in pin thread portion aligned
along a pin run-in plane that 1s angled relative to the central axis of the connection and the
pin taper plane; the crests of adjacent pin threads of the perfect pin thread portion aligned
along a pin perfect plane that is substantially parallel to the pin taper plane; and

the crests of adjacent pin threads of the run-out pin thread portion aligned
along a pin run-out plane that is substantially parallel to the central axis of the connection,

and angled relative to the pin taper plane;

a box having an internal box seal surface and an external box seal surface, the
external and internal box seal surfaces separated by a run-in box thread portion, a perfect

box thread portion, and a run-out box thread portion, each box thread portion having a
plurality of box threads, each box thread having a root, a crest, a stab flank, and a load
flank, the depth of each box thread determined by the distance between the root and the
crest, and the width between each box thread determined by the distance between the stab

flank and the load flank of adjacent box threads;

- 20 -
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the crests of adjacent box threads aligned along a box taper plane that is
angled relative to the central axis of the connection;

the roots of adjacent box threads of the run-in box thread portion aligned
along a box run-in plane that 1s parallel to the central axis of the connection and angled
relative to the box taper plane;

the roots of adjacent box threads of the perfect box thread portion aligned
along a box pertect plane that 1s substantially parallel to the box taper plane; and the roots
of adjacent box threads of the run-out box thread portion aligned along a box run-out plane
that 1s angled relative to the central axis of the connection and the box taper plane;

the pin threads and the box threads arranged so that when the connection is fully
made up, the threads of the run-in pin thread portion engage the threads of the run-out box
thread portion, the threads of the pertect pin thread portion engage the threads of the perfect
box thread portion, the threads of the run-out box thread portion engage the threads of the
run-in pin thread portion, the external pin seal surface sealingly engages the external box
seal surface, and the internal pin seal surface sealingly engages the internal box seal
surface; and
the width of the pin threads 1s slightly greater than the width between corresponding

box threads, so that as the pin threads engage with the box threads, an interference fit is
created between the pin threads and the box threads to limit axial movement in the
connection under tension and compression and reduce deformation of the seals during full

compression.

2. The threaded connection of claim 1, wherein the pin further comprises:

a pin internal seal diameter; and

a pin internal seal thickness,

the ratio of the pin internal seal diameter to the pin internal seal thickness ranging

from sixteen to sixty-six.

3. The threaded connection of claim 1, wherein the crests of at least a portion
of the box threads are curved so that when the pin threads are fully engaged with the box

threads, there 1s a void between the roots of the pin threads and the corresponding curved

291 -
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crests of the box threads, the void proceeding along the entire length of the pin thread root
and the curved crest of the box thread between the pin thread root and the curved crest of
the box thread, to reduce standoff caused by lubricant or other fluids becoming trapped

between the threads as the connection 1s made up.

4. A threaded connection for connecting two pipes, each pipe having a
substantially similar pipe outer diameter and pipe thickness, the threaded connection
having a straight central axis, the connection comprising:

a pin comprising:

an external pin seal surface;

an internal pin seal surface;

a pin internal seal diameter; and

a pin internal seal thickness,

the external and internal pin seal surfaces separated by a run-in pin thread
portion, a perfect pin thread portion, and a run-out pin thread portion, each pin thread
portion having a plurality of pin threads, each pin thread having a root, a crest, a stab flank,
and a load tlank, wherein each stab flank 1s angled between 9° and 20° relative to a plane
perpendicular to the straight central axis and toward the external pin seal surface, wherein
each load flank 1s angled between -4° to -9° relative to the plane perpendicular to the
straight central axis and toward the external pin seal surface, and wherein for each pin
thread an absolute value of the angle of the stab flank is greater than an absolute value of
the angle of the load flank; and

a box having an internal box seal surface and an external box seal surface, the

external and internal box seal surfaces separated by a run-in box thread portion, a perfect

box thread portion, and a run-out box thread portion, each box thread portion having a

plurality of box threads, cach box thread having a root, a crest, a stab flank, and a load
flank; the

pin threads and the box threads arranged so that when the connection is fully made
up, the threads of the run-in pin thread portion engage the threads of the run-out box thread
portion, the threads of the perfect pin thread portion engage the threads of the perfect box
thread portion, the threads of the run-out box thread portion engage the threads of the run-
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in pin thread portion, the external pin seal surface sealingly engages the external box seal
surface, and the internal pin seal surface sealingly engages the internal box seal surface;
the ratio of the pin internal seal diameter to the pin internal seal thickness being 1.3

to 6.3 times as great as the ratio of the pipe outer diameter to the pipe thickness.

S. The threaded connection of claim 1, wherein the external pin seal surface is
bounded by a pin thread at a first external pin surface end and a pin shoulder at a second
external pin surface end, the second external pin surface end positioned relatively farther
trom the internal pin secal surface than the first external pin surface end, and

wherein the pin shoulder extends away from the external pin seal surface and the

straight central axis at an acute angle relative to the external pin seal surface.

6. The threaded connection of claim 1, wherein the threaded connection has
an unenergized state, in which the pin threads and the box threads are not fully engaged,
and an energized state, in which the pin threads and the box threads are fully engaged,

wherein the external pin seal surface has a pin external seal diameter, the external
box seal surtace has a box internal seal diameter, and when the threaded connection is in
the unenergized state the pin external seal diameter is larger than the box internal seal
diameter, and

wherein when the threaded connection is in the energized state the external pin seal
surface comes into interfering contact with the external box seal surface so that at least one

of the external pin seal surface and the external box seal surface deform to form a press fit

that prcvents fluid from passing between the external pin seal surface and the external box

seal surface.

7. The threaded connection of claim 4, wherein,

the roots of adjacent pin threads align along a pin taper plane that is angled relative
to the central axis of the connection,

the crests of adjacent pin threads of the run-in pin thread portion align along a pin

run-1n plane that is angled relative to the central axis of the connection and the pin taper

plane,
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the crests of adjacent threads of the perfect pin thread portion align along a pin
pertect plane that 1s substantially parallel to the pin taper plane, and
the crests of adjacent pin threads of the run-out pin thread portion align along a pin

run-out plane that 1s substantially parallel to the central axis of the connection, and angled

relative to the pin taper plane.

8. The threaded connection of claim 7, wherein.

the crests of adjacent box threads align along a box taper plane that i1s angled
relative to the central axis of the connection,

the roots of adjacent box threads of the run-in box thread portion align along a box
run-1n plane that is parallel to the central axis of the connection and angled relative to the
box taper plane,

the roots of adjacent box threads of the perfect box thread portion align along a box
perfect plane that is substantially parallel to the box taper plane, and

the roots ot adjacent box threads of the run-out box thread portion align along a box
run-out plane that 1s angled relative to the central axis of the connection and the box taper

plane.

9. The threaded connection of claim 4, wherein the width of the pin threads is
slightly greater than the width between adjacent box threads, so that as the pin threads
engage with the box threads, an interference fit is created between the pin threads and the

box threads to limit axial movement in the connection under tension and compression and

reduce deformation of the seals during full compression.

10.  The threaded connection of claim 4, wherein the crests of at least a portion
of the box threads are curved so that when the pin threads are fully engaged with the box

threads, there 1s a void between the root of the pin threads and the corresponding curved
crests of the box threads, the void proceeding along the entire length of the pin thread root
and the curved crest of the box thread between the pin thread root and the curved crest of

the box thread, to reduce standoff caused by lubricant or other fluids becoming trapped

between the threads as the connection is made up.
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11.  'The threaded connection of claim 4, wherein the external pin seal surface is
bounded by a pin thread at a first external pin surface end and a pin shoulder at a second
external pin surface end, the second external pin surface end positioned relatively farther
from the internal pin seal surface than the first external pin surface end, and

wherein the pin shoulder extends away from the external pin seal surface and the

straight central axis at an acute angle relative to the external pin seal surface.

12. The threaded connection of claim 4, wherein the threaded connection has
an unenergized state, in which the pin threads and the box threads are not fully engaged,
and an energized state, in which the pin threads and the box threads are fully engaged,

wherein the external pin seal surface has a pin external seal diameter, the external
box seal surtace has a box internal seal diameter, and when the threaded connection is in
the unenergized state the pin external seal diameter is larger than the box internal seal
diameter, and

wherein when the threaded connection is in the energized state the external pin seal
surface comes into interfering contact with the external box seal surface so that at least one
of the external pin seal surface and the external box seal surface deform to form a press fit

that prevents fluid from passing between the external pin seal surface and the external box

seal surface.

13. A threaded connection having a straight central axis, the connection
comprising:

a pin having an external pin seal surface and an internal pin seal surface, the external
and internal pin seal surfaces separated by a run-in pin thread portion, a perfect pin thread
portion, and a run-out pin thread portion, each pin thread portion having a plurality of pin
threads, each pin thread having a root, a crest, a stab flank, and a load flank, wherein each
stab flank 1s angled between 9° and 20° relative to a plane perpendicular to the straight

central axis and toward the external pin seal surface, wherein each load flank is angled

between -4° to -9° relative to the plane perpendicular to the straight central axis and toward
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the external pin seal surface, and wherein for each pin thread an absolute value of the angle
of the stab flank 1s greater than an absolute value of the angle of the load flank;

a box having an internal box seal surface and an external box seal surface, the
external and internal box seal surfaces separated by a run-in box thread portion, a perfect
box thread portion, and a run-out box thread portion, each box thread portion having a
plurality of box threads, each box thread having a root, a crest, a stab flank, and a load
flank:

the pin threads and the box threads arranged so that when the connection is fully
made up, the threads ot the run-in pin thread portion engage the threads of the run-out box
thread portion, the threads of the perfect pin thread portion engage the threads of the perfect
box thread portion, the threads of the run-out box thread portion engage the threads of the
run-in pin thread portion, the external pin seal surface sealingly engages the external box
seal surface, and the internal pin seal surface sealingly engages the internal box seal
surface;

the crests of at least a portion of the box threads being curved so that when the pin
threads are tully engaged with the box threads, there is a void between the roots of the pin
threads and the corresponding curved crests of the box threads, the void proceeding along
the entire length of the pin thread root and the curved crest of the box thread between the
pin thread root and the curved crest of the box thread, to reduce standoff caused by lubricant

or other fluids becoming trapped between the threads as the connection is made up.

14.  The threaded connection of claim 13, wherein,

the roots of adjacent pin threads align along a pin taper plane that is angled relative
to the central axis of the connection,

the crests of adjacent pin threads of the run-in pin thread portion align along a pin
run-in plane that is angled relative to the central axis of the connection and the pin taper
plane,

the crests of adjacent pin threads of the perfect pin thread portion align along a pin
perfect plane that 1s substantially parallel to the pin taper plane, and

- 26 -



CA 2931495 2018-01-12

the crests of adjacent pin threads of the run-out pin thread portion align along a pin
run-out plane that 1s substantially parallel to the central axis of the connection, and angled

relative to the pin taper plane.

15. The threaded connection of claim 14, wherein,

the crests of adjacent box threads align along a box taper plane that is angled
relative to the central axis of the connection,

the roots ot adjacent box threads of the run-in box thread portion align along a box
run-in plane that 1s parallel to the central axis of the connection and angled relative to the
box taper plane,

the roots of adjacent box threads of the perfect box thread portion align along a box
perfect plane that 1s substantially parallel to the box taper plane, and

the roots of adjacent box threads of the run-out box thread portion align along a box
run-out plane that is angled relative to the central axis of the connection and the box taper

plane.

16.  The threaded connection of claim 13, wherein the width of the pin threads
1s shightly greater than the width between adjacent box threads, so that as the pin threads
engage with the box threads, an interference fit is created between the pin threads and the
box threads to limit axial movement in the connection under tension and compression and

reduce deformation of the seals during full compression.

17.  The threaded connection of claim 13, wherein the pin further comprises:

a pin internal seal diameter; and

a pin internal seal thickness,

the ratio of the pin internal seal diameter to the pin internal seal thickness ranging

from sixteen to sixty-six.

18.  The threaded connection of claim 13, wherein the external pin seal surface

1s bounded by a pin thread at a first external pin surface end and a pin shoulder at a second
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external pin surface end, the second external pin surface end positioned relatively farther
from the internal pin seal surface than the first external pin surface end, and

wherein the pin shoulder extends away from the external pin seal surface and the

straight central axis at an acute angle relative to the external pin seal surface.

19. The threaded connection of claim 13, wherein the threaded connection has
an unenergized state, in which the pin threads and the box threads are not fully engaged,
and an energized state, in which the pin threads and the box threads are fully engaged,

wherein the external pin seal surface has a pin external seal diameter, the external
box seal surface has a box internal seal diameter, and when the threaded connection is in
the unenergized state the pin external seal diameter is larger than the box internal seal
diameter, and

wherein when the threaded connection is in the energized state the external pin seal
surface comes into interfering contact with the external box seal surface so that at least one
of the external pin seal surface and the external box seal surface deform to form a press fit
that prevents fluid from passing between the external pin seal surface and the external box

seal surtace.
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