I*I Innovation, Sciences et Innovation, Science and CA 2946894 C 2024/01/02

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 946 894
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2015/05/01 (51) Cl.Int./Int.Cl. F16L 15/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2015/11/05 £218 17/04(2006.01)
" . (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2024/01/02 MARCHAND, NICHOLAS RYAN, CA
(85) Entrée phase nationale/National Entry: 2016/10/24 e
(73) Propriétaire/Owner:
(86) N° demande PCT/PCT Application No.: US 2015/028794 NATIONAL OILWELL VARCO, L.P., US

(87) N° publication PCT/PCT Publication No.: 2015/168552 (74) Agent: DEETH WILLIAMS WALL LLP
(30) Priorité/Priority: 2014/05/02 (US14/268,616)

(54) Titre : RACCORDS FILETES A EPAULEMENT SECONDAIRE REGLABLE
(54) Title: THREADED CONNECTIONS WITH AN ADJUSTABLE SECONDARY SHOULDER

L NN

172

(57) Abrégé/Abstract:

A tubular threaded connection includes a threaded sub-assembly having a first tubular member (110), a first torque member (130)
threadingly received on the first tubular member (110), and a second torque member (150) threadingly received on the first tubular
member (110). In forming the threaded sub-assembly, the first torque member (130) is torqued relative to the second torque
member (150). Furthermore, the sub-assembly is configured to receive a second tubular member (170) for torqueing against the
sub-assembly.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2015/168552 A3 |[IN I N0F 00O A

(43) International Publication Date

CA 02946894 2016-10-24

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/168552 A3

5 November 2015 (05.11.2015) WIPO I PCT
(51) International Patent Classification: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
E21B 17/04 (2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
. .. KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(21) International Application Number: MEK. MN. MW. MX. MY. MZ. NA. NG. NL NO. NZ. OM
PCT/US2015/028794 PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(22) International Filing Date: SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
1 May 2015 (01.05.2015) TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L. ) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(30) Priority Data: TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
14/268,616 2 May 2014 (02.05.2014) UsS 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,
(71) Applicant: NATIONAL OILWELL VARCO, L.P. LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
[US/US];, 7909 Parkwood Circle Drive, Houston, Texas SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
77036 (US). GW,KM, ML, MR, NE, SN, TD, TG).
(72) Inventor: MARCHAND, Nicholas Ryan; 947 Blackmud Published:
Creek Crescent, Edmonton, Alberta T6W 113 (CA). — \with international search report (Art. 21(3)
74 ?()g(;:lni:/INI[((.)SCICKI., N{Zggeﬁv R CO,IF\I LEY R(())OSzE’ PC, _ before the expiration of the time limit for amending the
cKinney, Suite , Houston, Texas 77 (US). claims and to be republished in the event of receipt of
(81) Designated States (unless otherwise indicated, for every amendments (Rule 48.2(h))
kind of national protection available): AE, AG, AL, AM, Date of licati £ the int tional h "
AO, AT, AU, AZ, BA. BB, BG, BH, BN. BR, BW. BY. (88) Date of publication of the interna 10na3?)e]a)recc " ;1%[)6(;1“2 (.)15
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(54) Title: A TUBULAR THREADED CONNECTION
10 130 150 170 12
P VA / /
ISR
101~ [
> <

(I

NN >

172

FIG. 1

(57) Abstract: A tubular threaded connection includes a threaded sub-assembly having a first tubular member (110), a first torque
member (130) threadingly received on the first tubular member (110), and a second torque member (150) threadingly received on the
first tubular member (110). In forming the threaded sub-assembly, the first torque member (130) is torqued relative to the second
torque member (150). Furthermore, the sub-assembly is configured to receive a second tubular member (170) for torqueing against
the sub-assembly.



THREADED CONNECTIONS WITH AN ADJUSTABLE SECONDARY SHOULDER

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of U.S. patent application Serial No. 14/268,616 filed May
2, 2014, and entitled ““Threaded Connections with an Adjustable Secondary Shoulder”.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] Not applicable.

BACKGROUND

[0003] The disclosure relates to threaded tubular connections and the like. More particularly,
the disclosure relates to an apparatus and method for joining tubular members using threaded

scctions and contact faces in a manner that increascs the thread torque capacity.

[0004] In the oil and gas production industry, pipe or other tubular sections may be
connected via threaded connections, such as mating pin and box ends. The threaded
connections are often subjected to large torsion forces, such as during downhole operations
like drilling. The torque or yield strength of the connection is dictated by the thread profile,
the material properties and the dimensions of the mating threaded components. However,
due to space or other constraints in a well bore, often times the threaded connection design is
limited as to the size and thread type that can be used, thereby limiting the yield strength of
the connection. It is particularly problematic to achieve increased yield strength in a
connection that is made up onto a threaded pin face. Sometimes it is necessary to have a
conncction that is stronger than what can bc achieved in an cxisting design.  Thus, it is

advantageous to increase the yield or torque strength of a threaded connection.

[0005] To increase the torque capacity of a particular threaded connection, a thread locking
compound (such as Loctite®) is sometimes applied to the threads. This tends to increase the
grip between the mating threaded components, thus increasing the torque capacity of the
overall connection. However, thread locking compounds are undesirable because the
threaded conncction so treated can be very difficult to disassemble after makcup because the

connection must be heated to break-down the locking compound. This is a time consuming
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process and the high heat required to break apart the thread locking compound can damage

equipment.

[0006] Other attempts to increase the torque capacity of the connection include using higher
strength material for the threaded components or using a conventional double shoulder type
design. However, higher strength materials are generally more expensive and might not be
available. Furthermore, even high strength materials, alone, might fail to meet the high
torque requirements of drilling operations. Additionally, double shoulder type threaded
connections require precise dimensional tolerances among the fixed outer pin face to outer
box face intcrface and the fixed inner pin face to inner box facc interface. Should these
dimensions be imprecise, similar threaded connections may have torque strengths that are

dissimilar, unpredictable, and provide little advantage over standard threaded connections.

[0007] Applying thread locking compound, changing the thread profile or changing material
selection present significant disadvantages or provide insufficient benefit when attempting to
improve the yield strength of a threaded connection under high torsional loads. Thus, there
remains a need for a threaded connection that advantageously increases the torque strength of
a threaded connection, particularly while also staying within current downhole design

specifications.

BRIEF SUMMARY OF THE DISCLOSURE

[0008] In an cmbodiment, a tubular threaded connection includes a threaded sub-assembly
having a first tubular member, a first torque member threadingly received on the first tubular
member, and a second torque member threadingly received on the first tubular member. In
the threaded sub-assembly, the first torque member is torqued relative to the second torque
member. Furthermore, the sub-assembly is configured to receive a sccond tubular member

for torqueing against the sub-assembly.

[0009] In another embodiment, a method for forming a threaded connection includes:
threading an adapter onto a mandrel; threading a first ring against the adapter at an outer
shoulder of the adapter; threading a second ring against the first ring; and torqueing the
second ring against the first ring.

[0010] In still another embodiment, a tubular threaded connection includes a first tubular
member having a pin end with an externally-disposed pin face and an externally-disposed pin
threaded section. The tubular threaded connection further includes a first torque member

configured to be threadingly coupled to the pin end, and a second torque member configured
2
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to be threadingly coupled to the pin end while the first torque member is coupled to the pin
end. Still further, the tubular threaded connection includes a second tubular member
comprising a box end having an inner box face, outer box face, and an internally-disposed
box threaded section extending between the outer box face and the inner box face. In
addition, the box end is configured to be threadingly coupled to the pin end while the first and
second torque members are coupled to the pin end, and the box end is further configured for
the inner box face to engage the pin face to form a first interface therebetween. Moreover,
the second torque member is movable from a first position to a second position against the
outer box face of the second tubular member to form a second interface therebetween; and
the first torquc member is movable from a third position to a fourth position against the

second torque member to form a third interface therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a detailed description of the disclosed embodiments, reference will now be made
to the accompanying drawings in which:

[0012] Figure 1 is a schematic showing a cross-section of a threaded torque apparatus in
accordance with principles described herein;

[0013] Figure 2 is a schematic showing a cross-section of the externally threaded pin end of
the mandrel of the torque apparatus of Figure 1;

[0014] Figure 3 is a schematic showing a cross-section of the internally threaded box end of
the adapter of the torque apparatus of Figure 1;

[0015] Figure 4 is a schematic showing a cross-section of the internally threaded torque
member of the torque apparatus of Figure 1;

[0016] Figure S is a schematic showing a cross-section of the internally threaded ring of the
torque apparatus of Figure 1;

[0017] Figure 6 is a schematic showing a cross-section of a threaded torque apparatus in
accordance with principles described herein;

[0018] Figure 7 is a schematic showing a cross-section of the torque apparatus of Figure 6
at a first stage of assembly;

[0019] Figure 8 is a schematic showing a cross-section of the torque apparatus of Figure 6

at a second stage of assembly;
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[0020] Figure 9 is a schematic showing a cross-section of the torque apparatus of Figure 6
at a third stage of assembly;

[0021] Figure 10 is a schematic showing a cross-section of the torque apparatus of Figure 6
at a fourth stage of assembly;

[0022] Figure 11 is a schematic showing a cross-section of the torque apparatus of Figure 6
at a fifth stage of assembly; and

[0023] Figure 12 is a schematic showing a cross-section of the torque apparatus of Figure 6

at a sixth stage of assembly.

NOTATION AND NOMENCLATURE

[0024] The following description is cxemplary of certain embodiments of the disclosure.
One of ordinary skill in the art will understand that the following description has broad
application, and the discussion of any embodiment is meant to be exemplary of that
embodiment, and is not intended to suggest in any way that the scope of the disclosure,

including the claims, is limited to that embodiment.

[0025] The drawing figures are not necessarily to scale. Certain features and components
disclosed herein may be shown exaggerated in scale or in somewhat schematic form, and
some details of conventional elements may not be shown in the interest of clarity and
conciseness. In some of the figures, in order to improve clarity and conciseness of the figure,
one or more components or aspects of a component may be omitted or may not have
reference numerals identifying the features or components that are identified elsewhere. In
addition, within the specification, including the drawings, like or identical reference numerals

may be used to identify common or similar elements.

[0026] The terms “including” and “comprising” are used herein, including in the claims, in
an open-ended fashion, and thus should be interpreted to mean “including, but not limited
to....” Also, the term “couple” or “couples” means either an indirect or direct connection.
Thus, if a first component couples or is coupled to a second component, the connection
between the components may be through a direct engagement of the two components, or
through an indirect connection that is accomplished via other intermediate components,

devices and/or connections.
[0027] The recitation “bascd on” means “based at Ieast in part on.” Therefore, if X is based

on Y, X may be based on Y and any number of other factors. In addition, as used herein,

4
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including the claims, the terms “axial” and “axially” generally mean along or parallel to a
given axis, while the terms “radial” and “radially” generally mean perpendicular to the axis.
For instance, an axial distance refers to a distance measured along or parallel to a given axis,
and a radial distance means a distance measured perpendicular to the axis.

[0028] Furthermore, in the disclosure, including the claims, the following definitions will
apply.

[0029] The term “box” refers to an end of a tubular member having female, i.c. internally-
disposed, threads cut into the inner diameter and the term “pin” refers to an end of a tubular
member having male, i.e. externally-disposed, threads cut into the outer diameter. The term
“tubular member” and “pipe,” and the like as used herein, including in the claims, shall
include pipe, casing, tubing, and other generally cylindrical objects.

[0030] As broadly as the context allows, the term “thread diameter” refers to any diameter

related to threads, such as the major diameter, the pitch diameter, and the minor diameter.

[0031] Use of the concepts of the present disclosure is not limited to pipe thread connections
and may find utility in other threaded connection applications, both within oilfield technology
and other areas to which the concepts of the current disclosure may be applied. The various
characteristics mentioned above, as well as other featurcs and characteristics described in
more detail below, will be readily apparent to those skilled in the art upon reading the
following detailed description of the embodiments, and by referring to the accompanying

drawings.

DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS

[0032] Referring to the schematic of Figure 1, an exemplary embodiment of a torque
apparatus 100 for forming a threaded connection comprises a central axis 101, a tubular
member 110 or a mandrel 110 having an externally-threaded pin end 112, a torque member
130 threadingly coupled to pin end 112, a torque member 150 threadingly coupled to pin end
112, and a tubular member 170 having an internally-threaded box end 172. As is applicable
in some embodiments, tubular member 170 will also be called a coupler or an adapter 170,
and torque member 150 will also be called threaded ring 150. Furthermore, torque member

130 may also be called a threaded ring 130.

[0033] Figure 1 represents torque apparatus 100 in an assembled and torqued configuration,

i.c. formed into a thrcaded connection. In gencral operation, torque member 130 is threaded
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onto the unengaged pin end 112, followed by torque member 150 and tubular member 170,
threaded in-sequence onto pin end 112, each traveling axially in a first direction, which is
leftward according to the orientation of Figure 1. In this process, tubular member 170 may be
fully threaded on pin end 112 without being tightened or torqued. Torque member 150 is
then threaded backwards or in the opposite direction (e.g. rightward for Figure 1) to engage
tubular member 170, and next, torque member 130 is also threaded backwards or in the
opposite direction to engage torque member 150. Torque members 130, 150 are then torqued
against each other. For example, torque member 130 may be torqued against torque member
150 and may rotate relative to member 150 while member 150 is held fixed so as not to
rotatc. As a result, torque member 150 remains engaged with tubular member 170 during and
after the torqueing of members 130, 150. In the torqueing example, a torque or a moment of
force may be applied to torque member 130 in order achieve a general or a specified level of
torque, tightness, or pre-loading between member 130 and member 150. Tubular member
170 may then be similarly torqued against pin end 112 and member 150 simultancously.

Other manners of making-up torque apparatus 100 are also contemplated.

[0034] Referring now to Figure 2, pin end 112 of mandrel 110 includes an externally-
disposed radially-extending pin face 113, an externally-disposed threaded section 116
terminating at a circumferential undercut region 120 located distal pin face 113, and a central
flow passage 122 extending along axis 101. In this embodiment, threaded section 116
includes two separate male threads 117, 118, i.e. two distinct male-thread portions, that are
separated or interrupted by a circumferential thread gap 119; however, each male pin thread
117, 118 is uninterrupted, i.e. continuous. In the example of Figure 1, torque member 130
engages threads 117 or, equivalently, threaded portion 117. Torque member 150 and adapter
170 engage threads 118 or, equivalently, threaded portion 118. In some embodiments, torque
members 130, 150 both engage threads 117, which is appropriately lengthened, and threads

118 are shortened to accommodate adapter 170 alone.

[0035] In Figure 2, pin threads 117 have a thread characteristic that differs from pin threads
118. In this example, threads 117 have a larger diameter than threads 118. In general the
threads 117, 118 include any straight thread profile such as, for example, Acme, Stub Acme,
Unified, another suitable standard profile, or any suitable custom thread profile. Thus,
another thread characteristic that may differ between threads 117, 118 in some embodiments

is thread profile. In various other embodiments, threaded portions 117, 118 share the same
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thread characteristics including, for example, thread diameter and profile. As described, in at

least some embodiments, threaded section 116 does not include tapered threads.

[0036] In Figure 2, pin threads 117 of pin end 112 are formed as a single, continuous helical
thread path, having a single starting thread-end and a single terminating thread-end. Pin
threads 118 arc similarly formed. In some embodiments, pin threads 117 are formed as a
plurality of continuous, parallel helical thread paths, each helical thread path having a starting
thread-end and a terminating thread-end. Pin threads 118 may be similarly formed by a

plurality of continuous, parallel helical thread paths in some embodiments.

[0037] In various embodiments, thread gap 119 extends axially, extends radially, or extends
both axially and radially. In some embodiments of pin end 112, threaded section 116 has no
gap 119 and includes a single, uninterrupted male threaded portion extending a length that is
generally equivalent to the combined length of male threaded portions 117, 118 and thread
gap 119. Some other embodiments of pin threaded section 116 have three separate male
threaded portions, with a thread gap between each adjacent pair of threaded portions. In the
embodiments having three distinct threaded portions, torque members 130, 150, and adapter
170 each engage a separate portion of pin threaded section 116. In some of these
embodiments, each of the three threaded portions has a thread characteristic that differs from

the other two portions.

[0038] Referring now to Figure 3, adapter 170, i.e. tubular member 170, includes a central
axis 171 extending through box end 172. Box end 172 includes an internally-disposed
radially-extending inner box face 173, externally-disposed radially-extending outer box face
174, a box cavity 175 extending axially from outer box face 174 to inner box face 173, and an
internally-disposed box threaded section 176 having female threads within box cavity 175. In
this embodiment, adapter 170 further includes a central flow passage 182 adjoining and in
fluid communication with box cavity 175. Inner box face 173 and outer box face 174 may
also be called shoulders. Outer box face 174 is located at a terminal portion of box cnd 172.
In some embodiments, box threaded section 176 is located along a significant portion of the
axial length of the inner diameter of the box cavity 175 and is uninterrupted. Inner box face
173 and outer box face 174 extend radially and are perpendicular to axis 171. In some
embodiments, a box face 173, 174 is tapered, i.c. not perpendicular, with respect to axis 171.
The female threads of box threaded section 176 are compatible with, i.e. configured to

couple, the male threads of threaded portion 118 of pin threaded section 116. In some
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embodiments, the axial length of the threads 118 is greater than the axial length of box

threaded section 176.

[0039] Referring to Figure 4, torque member 130 includes a shoulder or torque member face
or shoulder 133, a through-passage 135, and a torque member threaded section 136 having
female threads. In the example shown, torque member threaded section 136 is located along
a significant portion of the axial length of the inner diameter of through-passage 135 and is an
uninterrupted threadform. The female threads of torque member threaded section 136 are
compatible with the male threads 117 of pin threaded section 116. In some embodiments, the
axial length of the pin threads 117 is cqual to or less than the axial length of torque member
threaded section 136. The undercut region 120 adjacent pin threads 117 on pin end 112
(Figure 2) allows torque member threaded section 136 to advance axially further from pin
face 113 than pin threads 117 extend. In some embodiments, the axial length of the pin

threads 117 is greater than the axial length of torque member threaded section 136.

[0040] Referring to Figure 5, torque member 150 or, equivalently threaded ring 150, includes
a ring face 153, a ring face 154, a through-passage 155, and a ring threaded section 156
having female threads. Ring face 153 may also be called ring shoulder 153, and ring face
154 may also be called ring shoulder 154. In the example shown, ring threaded section 156 is
located along a significant portion of the axial length of the inner diameter of through-
passage 155 and is an uninterrupted threadform. The female threads of threaded section 156
are compatible with the male threads 118 of pin threaded section 116. The axial length of the
pin threads 118 is greater than the axial length of ring threaded section 156.

[0041] Figure 6 schematically presents another embodiment of a torque apparatus for
forming a threaded connection. In Figure 6, torque apparatus 200 includes torque apparatus
100 (e.g. Figure 1) and a housing assembly 240 that surround a portion of torque apparatus
100. Housing assembly 240 includes two tubular or cylindrical outer housing members 210,
230 threadingly coupled together. Housing assembly 240 couplces to torque apparatus 100 in
a manner that allows axial rotation of apparatus 100 relative to housing members 210, 230.
The coupling of housing assembly 240 to torque apparatus 100 may be accomplished with
additional components not depicted in Figure 6 by any manner known in the art. At one end,
housing member 210 includes a housing thrcaded scction 216 having male threads that
threadingly receive a compatible threaded section 236 of female threads located along a

portion of the inner surface of housing member 230. In this embodiment, threaded sections
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216, 236 are tapered threads. On the outer housing member 210, a radially-extending,
exterior shoulder 213 adjacent threaded section 216 engages a radially-extending housing end
face 234 of outer housing member 230. Outer housing members 210, 230 are characterized
by one or more inner diameters that are sufficient to accommodate the various members of

torque apparatus 100.

[0042] Figure 6 to Figure 11 depict embodiments of various stages of an assembly method
for torque apparatus 200. Method steps for assembling a torque apparatus, such as torque
apparatus 200 for example, are disclosed or discernible based on the various figures and
discussions disclosed hercin. As will be apparent, scveral of these stages and steps of the
assembly method are also applicable to torque apparatus 100 of Figure 1. Referring initially
to the schematic depiction of Figure 7, pin end 112 of mandrel 110 (e.g. Figure 2) is shown
disposed within outer housing member 210. Referring now to Figure 8, torque member 130
is shown with female threaded section 136 thrcaded to male threads 117 of pin end 112 on
mandrel 110. In certain embodiments already described, the torque member threaded section
136 includes an axial length less than the axial length of the pin threads 117 such that torque
member 130 can be threaded variable distances onto the pin end 112 while also leaving an
exposed portion 117A of the pin threads 117, as shown in Figure 8. Consequently, pin
threads 117 have an exposed portion 117A and an engaged portion 117B. Exposed portion
117A is proximal pin end face 113 in Figure 8. However, in various embodiments, the
exposed portion 117A may be situated on either side of torque member 130 or on both sides

of torque member 130.

[0043] Also in Figure 8, threaded ring 150 is shown with female threaded section 156
threaded to male threads 118 of pin end 112 on mandrel 110. During assembly, threaded ring
150 is coupled to pin end 112 after torque member 130. Initially, torque member 130 and
threaded ring 150 do not touch in a first, unengaged position of torque member 130 relative
to ring 150, leaving an assembly gap 262 between torque member face 133 and ring face 154

adjacent thread gap 119 in pin end 112,
[0044] Box end 172 of adapter 170 is shown with female threaded section 176 threaded to

male threads 118 of pin end 112. During assembly, adapter 170 is threadingly received on
pin end 112 after torque member 130 and after threaded ring 150. During the initial make-up
shown in Figure 8, a portion 118A of the pin threads 118 remains exposed between ring 150,
which engages thread portion 118B, and adapter 170, which engages thread portion 118C
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between the pin end 112 and the box end 172. In this manner, threaded ring 150 is spaced
apart from box end 172 in a first, unengaged position of ring 150 relative to box end 172,
leaving an assembly gap 264 between ring face 153 and outer box face 174. For the threaded
connection between pin end 112 and box end 172, inner box face 173 engages pin face 113,
forming an interface 266, but in Figure § the threaded connection is made without torqueing
or with minimal torqueing, i.c. minimal tightening, so interface 266 is not torqued. In some
other instances or some other embodiments, the threaded connection between pin end 112
and box end 172 is torqued to specification at the stage of assembly depicted in Figure 8.
Consequently, interface 266 and at least threads 118, 176 are pre-loaded or tightened, and
therefore interface 266 is formed as a torqued interface during this stage of assembly for

those embodiments.

[0045] Referring now to Figure 9, ring 150 is shown having been threaded back along the pin
threads 118 toward box end 172 (after initially having been threaded onto pin end 112 in the
opposite direction). This action eliminates the gap 264 and covers or engages the exposed
threaded portion 118A (Figure 8) between ring face 153 and the outer box face 174. In this
manner, ring shoulder 153, i.e. ring face 153, is brought into contact with outer box face 174,
forming an interface 268. The threaded connection of pin end 112, ring 150, and box end 172
of adapter 170, including interface 268, is made without torqueing or with minimal torqueing;
even so, ring shoulder 153 contacts outer box face 174 to form interface 268, which is not
torqued during this stage of assembly. In some other instances or some other embodiments,
the connection made by ring 150 and box end 170 is torqued to specification at the stage of
assembly depicted in Figure 9, resulting in a second, torqued position of ring 150.
Consequently, interface 268 and at least threads 118, 156, 176 are pre-loaded or tightened,
and therefore interface 268 is formed as a torqued interface during this stage of assembly for

those embodiments.

[0046] The movable threaded ring 150 and ring shoulder 153 may be adjustably positioned
along the length of pin threaded section 116 at a convenient axial location to engage outer
box face 174. This adjustability of the position of ring shoulder 153 allows torque apparatus
200 (or torque apparatus 100) to accommodate various embodiments of adapter 170, for
example, embodiments having differing distances between the inner and outer box faces 173,
174. The adjustability of the position of ring shoulder 153 may also accommodate the
eventual wearing and removal of material from ring shoulder 153, from inner box face 173,

or from outer box face 174 during use, ¢.g. during repeated assembly and disassembly cycles.
10
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[0047] In Figure 10, torque member 130 is shown having been threaded back along the pin
threads 117 toward threaded ring 150 (after initially having been threaded onto pin end 112 in
the opposite direction). This action eliminates the gap 262 and covers or engages the exposed
threaded portion 117A between the torque member 130 and ring 150 (Figure 8). In this
manner, torque member face 133 is brought into contact with ring face 154, forming an
interface 270. In at least some embodiments, the connection made by torque member 130
and ring 150 at the interface 270 is torqued to specification providing a second, torqued
position of torque member 130. In this manner, interface 270, the pair of engaged threads
117, 136, and the pair of engaged threads 118, 156 are pre-loaded or tightened during
assembly. In some of these embodiments, the torqueing of the connection made by member
130 and ring 150, including interface 270, is made by rotating torque member 130 while ring
150 does not rotate substantially. In some embodiments, ring 150 is held to prevent rotation.
In this manner, the axial or angular location of ring shoulder 153 relative to threaded section
116 of pin end 112 and relative to outer box face 174 remains substantially unchanged. In
various other embodiments, ring 150 is rotated when torqueing ring 150 together with torque

member 130.

|0048] Thus, torque apparatus 100 includes three interfaces 266, 268, 270 formed between
various contacting faces or shoulders of members 110, 130, 150, 170 as shown in Figure 10
and in various other Figures of this disclosure. The three interfaces 266, 268, 270 may also
be called torque-loading interfaces because each is configured to be torqued or tightened
selectively by a rotation or moment of force applied to one or both of the members that form
the interface. In various embodiments or in various stages of assembly of an embodiment,
none, one, or all of these three interfaces 266, 268, 270 is/are torqued. So also, the various
threaded interfaces formed between the members 110, 130, 150, 170 may be called torque-
loading interfaces because each is configured to be torqued or tightened selectively by a
rotation or moment of force applied to one or both of the members that form the interface.
[0049] In some embodiments, the configuration shown in Figure 10 completes the assembly
of an embodiment of torque apparatus 200. However, for the embodiment of Figure 6,
additional assembly stages are accomplished.

[0050] Referring now to Figure 11, adapter 170 has been unthreaded and removed from
mandrel 110 of torque apparatus 200. As shown, a threaded sub-assembly 105 includes

tubular member 110, torque member 130 threadingly received on tubular member 110, and

11



CA 02946894 2016-10-24

WO 2015/168552 PCT/US2015/028794

ring 150 threadingly received on the tubular member 110. Torque member 130 remains
torqued relative to the ring 150, and interface 270 between members 130, 150 is formed and
torqued as previously discussed. Because torque member 130 is torqued against threaded
ring 150, threaded ring 150 with ring shoulder 153 remains substantially stationary, i.e. does
not rotate and does not move axially relative to threaded section 116 and end face 113 on pin
end 112. Sub-assembly 105 is an example of a threaded connection. Though not identified

in Figure 1, sub-assembly 105 is also visible in Figure 1, for example.

[0051] In Figure 12, outer housing member 230 is installed around pin end 112, torque
member 130, and threaded ring 150 of sub-assembly 105. Housing mcember 230 is
threadingly coupled and torqued to outer housing member 210 by threaded sections 216, 236
to form housing assembly 240. End face 234 of housing member 230 abuts shoulder 213 of
housing member 210 to form a torqued interface. Due to the coupling of threaded sections
216, 236 or the abutment of end face 234 and shoulder 213, the relative positions of housing
members 210, 230 are generally fixed.

[0052] The housing assembly 240 fully contains pin end 112, torque member 130, and
threaded ring 150. In other embodiments, a portion of pin end 112, torque member 130, or
threaded ring 150 may extend beyond housing member 230. In the embodiment depicted in
Figure 12, torque member 130 and threaded ring 150 are inaccessible to tools (not shown)
that may be used to tighten or loosen the connection made between torque member 130 and
threaded ring 150. The inaccessibility of member 130 and ring 150 in the assembly stage of
Figure 12 is at least one reason why the position and torqueing of member 130 and ring 150
were accomplished during the assembly stage portrayed by Figure 10. In Figure 12, ring
shoulder 153 remains in the same position relative to pin end 112 as was achieved during the

assembly stages of Figure 9 and Figure 10.

[0053] After accomplishing the assembly stage of Figure 12, adapter 170 is re-threaded onto
pin end 112 of mandrel 110 to form the completed assembly of torque apparatus 200 shown
in Figure 6. Pin face 113 reengages inner box face 173, again forming the interface 266, and
outer box face 174 reengages ring shoulder 153, again forming the interface 268. The
threaded connection between pin end 112, box end 172, and threaded ring 150 is torqued to
specification. More specifically, tubular member 170 is simultancously torqued against

mandrel 110 forming interface 266 and torqued against mandrel ring 150 forming interface
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268 (see also Figure 10). Thus, tubular member 170 is torqued against sub-assembly 105 at

two face-to-face, torque-loading interfaces.

[0054] Thus, during various stages of the assembly for some embodiments, threaded ring 150
and ring shoulder 153 are pre-positioned along pin end 112 relative to pin end face 113 and
locked at this position by the torqueing of members 130, 150 to form interface 270. The pre-
positioning of ring 150 and ring shoulder 153 prior to the ultimate installation of adapter 170
are shown, for example in Figure 11 and Figure 12. The ultimate installation of adapter 170
in torque apparatus 200 is shown in Figure 6 for at least one embodiment. The pre-
positioning and locking of ring 150 and ring shoulder 153 along pin cnd 112 allow the
temporary removal of adapter 170 to facilitate the installation of outer housing member 230,
as shown in Figure 12. The temporary removal of adapter 170 is particularly helpful if a
portion of adapter 170, e.g. extending portion 178 in Figure 6, has a larger diameter than the

inner diameter of housing member 230.

[0055] Referring to Figure 6, to disassemble torque apparatus 200, adapter 170 and housing
member 230 are removed, and then threaded ring 150 and torque member 130 may be

removed.

[0056] The stages of assembly and disassembly described in relationship to Figure 7 through
Figure 11 for torque apparatus 200 are also generally descriptive of the assembly and
disassembly process for torque apparatus 100 (Figure 1), which lacks outer housing members
210 and 230. Of course, for torque apparatus 100, Figure 1 represents the final assembly

rather than Figure 6.

[0057] Referring to Figure 6, Figure 9, and Figure 10, the adjustable and controlled
positioning of ring shoulder 153 along pin end 112 and the controlled torqueing of box end
172 against pin end 112 and against ring shoulder 153 provides two torqued interfaces 266,
268 configured to transmit torque or rotational power between mandrel 110 and adapter 170.
This adjustable shoulder feature of torque apparatuses 100, 200 is augmented or facilitated, in
part, by the third torqued interface 270 between torque member 130 and threaded ring 150.
The torque capacity or the torsional capacity of the threaded connection of mandrel 110 and
adapter 170 in torquc apparatuscs 100, 200 is substantially incrcased beyond the capacity of a
conventional connection formed only from a pin end and a box end. Conventional
connections between a pin end and a box end have only a single interface between a single

pair of engaged faces or shoulders, and this single interface is disposed at a fixed axial
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location with respect to the pin end. Other conventional connections have a double shoulder
type design, in which both the pin end and the box end have two shoulders or faces
configured to engage at two axially-fixed interfaces rather than only one. However, these
conventional shoulders are not axially adjustable along the threads of the pin end, unlike ring

shoulder 153, which is movably coupled to pin end 112.

[0058] The inner box face 173 is a shoulder, and the ring shoulder 153 is an adjustable
shoulder for coupling box end 172 to pin end 112 providing increased contact surface area to
achieve the increased torque capacity or the torsional capacity of torque apparatuses 100,
200. The usc of an adjustably positioncd shoulder may be of particular advantage when the
size (e.g. the outer diameter or inner diameter, i.c. the wall thickness) or the thread type of
mandrel 110 or adapter 170 is limited for various pieces of equipment or in various
operations. In one example, torque apparatus 200 forms part of a down-hole mud motor and

a coupling assembly for rotating a formation-engaging drill bit in a subterrancan borchole.

[0059] Thus, in an embodiment, when threadingly coupling a first and a second tubular
member, a first and a second torque member may be threadingly received on the first tubular
member. A shoulder of the second torque member may be moved into abutment against an
end face of the second tubular member, and the second torque member may be held fixed in
that position by the first torque member. In this manner, the second torque member provides
a selectively movable shoulder that is brought into contact with the end face of the second
tubular member for torqueing purposes. Being threadingly movable on the first tubular
member, the second torque member provides an adjustable shoulder against which second
tubular member may be torqued. In this manner, the movable second torque member
provides flexibility in tolerances for the shoulder or end face of the second tubular while
insuring the possibility of engaging the second tubular member. In contrast, conventional
designs have a fixed shoulder that provides only set tolerances and no flexibility of same.
Certain embodiments of the present disclosure include the increased torque capability of
threaded connections along with predictability, repeatability, and consistency in the amount
of torque applied to the torque-loading interfaces without exceeding design constraints

associated with drilling operations.

[0060] Although, in the embodiment of Figure 1, mandrel 110 and member 170 are tubular
and have body portions that are annular in cross-section having central flow passages 122,

182, in some embodiments, a torque apparatus like apparatus 100 may be formed with a pin-
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ended member or box-ended member that differs. For example, a torque apparatus like
apparatus 100 may be formed from a pin-ended mandrel that is not tubular but is solid, not
having an annular cross-section or may be formed from a pin-ended mandrel that includes a
different type of flow passage or that includes multiple flow passages. As another example, a
torque apparatus like apparatus 100 may be formed from a box-ended member that is not
tubular but is solid, not having an annular cross-section beyond the box end or may be
formed from a box-ended member that includes a different type of flow passage or that
includes multiple flow passages. Furthermore, the pin-ended member or box-end member
may have body portions with a cross-section that is square, hexagonal, or any other suitable
shape.

[0061] As indicated in the discussion of Figure 11, threaded sub-assembly 105 may be
formed by first assembling the torque apparatus 100, shown in Figure 1 or Figure 10,
followed by the removal of tubular member or adapter 170 (Figure 11). The use of tubular
member or adapter 170 in forming sub-assembly 105 causes ring face 153 on ring 150 to be
placed at a preferred axial location, which is beneficial when adapter 170 is later reattached
(Figure 6), for example, during final preparation for using torque apparatus 100. However, in
other embodiments, threaded sub-assembly 105 may be formed into a threaded connection by
threadingly coupling tubular member 110, torque member 130, and ring 150 without first
adding and then removing adapter 170. Even in these instances, ring 150 may be threaded to
a preferred axial location along pin-end 112, and that preferred axial location of ring 150 may
be, for example, selected to match the axial distance between inner box facel73 and outer
box facel74 of adapter 170. The distances between box faces 173, 174 may be previously
known or may be measured. Then, after placement of ring 150, torque member 130 is
torqued against ring150 while ring 150 is held fixed against rotation; thus forming threaded

sub-assembly 105 without having first added and then removed adapter 170 at pin-end 112.

[0062] In various embodiments, any of the pairs of faces configured to form torque-loading
interfaces (e.g. faces 133, 154, faces 153, 174, or faces 113, 173) may have complementary
(i.e. matched-opposing) shapes or contours including any of flat-radial, flat-tapered (i.e. each
following an angle different than 90° with respect to axis 101), curved, and grooved for
example. For a pair of faces that are curved, one face may have a convex curvature and the
other face may have a concave curvature, or both faces may have a complex curvature

featuring both concave and convex portions.
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[0063] In some embodiments, a torque apparatus similar to torque apparatus 100 may be
formed in which pin face 113 and inner box face 173 do not contact to make the interface
266. Even in such embodiments, ring 150 provides an axially adjustable shoulder 153 against
which outer box face 174 engages to form the interface 268 to transmit torque or rotational
power between mandrel 110 and adapter 170. So too in these embodiments, after the axial
adjustment of ring 150, torque member 130 locks ring 150 and shoulder 153 in a fixed
location. Ring shoulder 153 acts as a primary shoulder in place of (rather than in addition to)

the pin face 113.

[0064] In some embodiments, an annular member lacking threads, which may also be called
a washer, (not shown) is installed at any one or more of these locations: between pin face 113
and inner box face 173 at interface 266, between ring face 153 and outer box face 174 at
interface 268, and between torque member face 133 and ring face 154 at interface 270.
Preferably, cach annular member has an inside diameter greater than the outermost diameter
of the threads (e.g. threads 117, 118) over which it slides when being installed around pin end
112.

[0065] While exemplary embodiments have been shown and described, modifications thercof
can be made by one of ordinary skill in the art without departing from the scope or teachings
herein. The embodiments described herein are exemplary only and are not limiting. Many
variations and modifications of the systems, apparatus, and processes described herein are
possible and are within the teachings of the disclosure. Accordingly, the scope of protection
is not limited to the embodiments described herein, but is only limited by the claims that
follow, the scope of which shall include all equivalents of the subject matter of the claims.
The inclusion of any particular method step or operation within the written description or a
figure does not necessarily indicate that the particular operation is necessary to the method.
Unless expressly stated otherwise, the operations listed in a description of a method or in a
method claim may be performed in any order, and in some implementations two or more of

the operations may be performed in parallel, rather than serially.
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CLAIMS

What is claimed 1s:

L. A tubular threaded connection comprising:

a threaded sub-assembly having a first tubular member, a first torque member threadingly
received on the first tubular member, and a second torque member threadingly received on the
first tubular member;

wherein the first tubular member comprises a pin end having an externally-disposed pin
face and an externally-disposed pin threaded section,;

wherein the pin threaded section comprises two threaded portions, a first threaded portion
having a thread characteristic that differs from a second threaded portion;

wherein the first torque member is coupled against the second torque member,

wherein the sub-assembly is configured to receive a second tubular member such that the
second tubular member is coupled against the sub-assembly wherein:

the second tubular member comprises a box end having an inner box face, an
outer box face, and an internally-disposed box threaded section extending between the
outer box face and the inner box face; and

the inner box face engages the pin face and forms a first interface therebetween,
and the outer box face engages the second torque member and forms a second interface

therebetween.

2. The tubular threaded connection of claim 1 further comprising the second tubular

member threadingly coupled on the first tubular member and against the sub-assembly.

3. The tubular threaded connection of claim 2 wherein the second tubular member is
coupled against the pin face on the first tubular member and is coupled against a torque face on

the second torque member.

4. The tubular threaded connection of claim 1 wherein the first threaded portion of the first

tubular member has a larger thread diameter than the second threaded portion.
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5. The tubular threaded connection of claim 1 wherein the first torque member is configured
to be threadingly coupled to the first threaded portion; and
wherein the box end of the second tubular member is configured to be threadingly

coupled to the second threaded portion.

6. The tubular threaded connection of claim 5 wherein the second torque member is

configured to be threadingly coupled to the second threaded portion.

7. The tubular threaded connection of claim 5 wherein the pin threaded section further

comprises a third threaded portion disposed between the first and second threaded portions and

having a thread characteristic that differs from the first and second threaded portions; and
wherein the second torque member is configured to be threadingly coupled to the third

threaded portion.

8. A method for forming a threaded connection comprising:
threading an adapter onto a mandrel;
threading a first ring against the adapter at an outer shoulder of the adapter;
threading a second ring against the first ring;
torqueing the second ring against the first ring; and
torqueing the adapter against the mandrel at an inner shoulder of the adapter and against

the first ring at the outer shoulder of the adapter.

9. The method of claim 8 further including:
unthreading the adapter from the mandrel; and

re-threading the adapter onto the mandrel.

10.  The method of claim 8 further including:
threading the first ring onto the mandrel and threading the second ring onto the mandrel

prior to the step of threading the adapter onto the mandrel.
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11.  The method of claim 8 further including:
torqueing the first ring against the adapter at the outer shoulder of the adapter.

12. A tubular threaded connection comprising:

a first tubular member comprising a pin end having externally-disposed pin face and an
externally-disposed pin threaded section;

a first torque member configured to be threadingly coupled to the pin end;

a second torque member configured to be threadingly coupled to the pin end while the
first torque member is coupled to the pin end,

a second tubular member comprising a box end having an inner box face, an outer box
face, and an internally-disposed box threaded section extending between the outer box face and
the inner box face;

an outer housing member configured to be disposed around the pin end, the first torque
member, and the second torque member;

wherein the box end is configured to be threadingly coupled to the pin end while the first
and second torque members are coupled to the pin end;

wherein the box end is further configured for the inner box face to engage the pin face to
form a first interface therebetween;

wherein the second torque member is coupled against the outer box face of the second
tubular member to form a second interface therebetween; and

wherein the first torque member is coupled against the second torque member to form a

third interface therebetween.

13.  The tubular threaded connection of claim 12 wherein the pin threaded section comprises
two threaded portions, a first threaded portion having larger thread diameter than a second
threaded portion.

14.  The tubular threaded connection of claim 13 wherein the first torque member is
configured to be threadingly coupled to the first threaded portion; and
wherein the box end of the second tubular member is configured to be threadingly

coupled to the second threaded portion.
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15.  The tubular threaded connection of claim 14 wherein the second torque member is

configured to be threadingly coupled to the second threaded portion.
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