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DRILL PIPE TORQUE REDUCER AND METHOD

Cross-Reference to Related Applications
[0601] This application claims priority to U.S. Provisional Patent Application having Seral No.

62/539,607, which was filed on August 1, 2017, and 1s mcorporated hereimn by reference 1 1ts entirety.

Background

{0002} Dl strings are made of a series of drill pipes that are connected together, and a drill bit 18
generally positioned at the lower end of the drill string to bore through the earth and create a well,
enabling the recovery of hydrocarbons from subterranean reservoirs. Individual drilf pipes typically
have radially enlarged end connections, which allow for the drill pipes to be connected together,
either end-to-end or using collars, to form the drill string. During drilling operations, the drill bit is
rotated by rotating the drill string. The drill string 1s suspended from a dnlling rig and is in tension,
but in order to apply weight to cause the drill bit to bite into the earth, a bottom hole assembly is
positioned just above the drill bit. The bottom hole assembly 15, in effect, a number of weighted dnill
collars.

{0003] Inextended-reach drilling, the drill bit can be several miles laterally displaced from the foot
of the rig. In horizontal drilling, the bit follows an arcuate path and then drills a horizontal bore. In
both extended-reach dnilling and horizontal drilling, transmission of power from the rig to the drill
bit may be hindered by frictional losses generated by contact between the enlarged, connected end
portions of the drill pipes and the inner surface of the wellbore and/or casing that lines the wellbore.
[0004] To protect the drill string from abrasion against the side wall of the wellbore or casing, a
drill pipe protector can be employed. Drill pipe protectors are typically elastomer elements that are
clamped or otherwise secured to the outer diameter of the drill pipe. Such dnill pipe protectors
generally prevent the drill pipe from contacting inner surface of the casing or wellbore, thereby
avoiding or at least mutigating frictional contact between the drill pipe body and the inner surface of
the wellbore. Without a drill pipe protector, the dnll string 1s subjected to shock and abrasion when
the drill string comes into contact with the side wall of the wellbore or the casing.

{6005] Rotating drill pipe protectors have been implemented that allow for rotation between the
drill pipe and the drill pipe protector, such that the drill pipe does not contact the wellbore when the

rotating drill pipe s being rotated. Rotation of a dnill string with respect to the rotating drill pipe
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protector may, however, create frictional torque on the drill string, even if to a lesser degree than the
drill pipe directly engaging the casing/wellbore wall. Additionally, rotation of the drill string with
respect to the rotating drill pipe protector may lead to wear and abrastons on the outer surface of the
drill pipes of the drill string, and thus, may lead to a shorter life span of the dnill pipe and/or the drill

pipe protector.

Summary

{0006] Embodiments of the disclosure may provide an apparatus for reducing torque i a drill
string. The apparatus includes a first clamp assembly including a plurality of arcuate clamp segments
that are pivotally connected together, the plurality of arcuate clamp segments being configured to be
positioned around and secured to an oilfield tubular so as to be rotationally fixed to the oilfield
tubular, and an outer sieeve positioned around the first clamp assembly. The outer sleeve includes
at least two sleeve segments assembled together to form a generally cylindrical sleeve around the
first clamp assembly, and the first clamp assembly is configured to rotate with the oilfield tubular
and with respect to the outer sleeve.

{0007] Embodiments of the disclosure may also provide a method for installing an apparatus for
reducing torque in a drill string. The method includes positioning at least one clamp assembly around
a tubular. The clamp assembly includes a plurality of structural members and a plurality of radial
wear members each disposed between two of the plurality of structural members and having a greater
radial thickness than the plurality of structural members. The method further includes connecting
together two circumferential ends of the clamp assembly. Connecting includes tightening a
connection between the two circumferential ends of the clamp assernbly, to cause the clamp assembly
to apply a gripping force to the tubular. The method further includes assembling an outer sleeve
around the clamp assembly, such that the clamp assembly 1s recetved within the outer sleeve. An
inner diameter surface of the outer sleeve 1s configured to engage the plurality of wear members, and
the outer sleeve is rotatable relative to the clamp assembly.

{6008] Embodiments of the disclosure may further provide an apparatus for reducing torque m a
drill string. The apparatus includes a first clamp assembly ncluding a plurality of arcuate clamp
segments that are pivotally connected together, the plurality of arcuate clamp segments being
configured to be positioned around and secured to an oilfield tubular 50 as to be rotationally fixed to

the olfield tubular, the clamp segments each including at least one arcuate structural member coated
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with a friction-reducing coating. The apparatus also includes an outer sleeve positioned around the
first clamp assembly. The outer sleeve includes at least two sleeve segments assembled together to
form a generally cylindrical sleeve around the first clamp assembly. The first clamp assembly 1s
configured to rotate with the oilfield tubular and with respect to the outer sleeve.

{8009] The foregoing summary 1s intended merely to introduce a subset of the features more fully
described of the following detailed description. Accordingly, this summary should not be considered

himiting.

Brief Description of the Drawings

{0018} The accompanying drawing, which s incorporated in and constitutes a part of this
specification, ilustrates an embodiment of the present teachings and together with the deseription,
serves to explain the principles of the present teachings. In the figures:

{8011} Figure 1 illustrates a perspective, exploded view of a torque reducer installed on a drill pipe,
according to an embodiment.

{0012] Figure 2 dlustrates a perspective view of a clamp assembly of the torque reducer, according
to an embodiment.

{0013} Fugure 3 illustrates a perspective view of another embodiment of a clamp assembly.

{0014] Figure 4 illustrates a perspective view of another embodiment of a clamp assembly.

{0015] Fugure 5 illustrates a perspective view of another embodiment of the clamp assembly.
{0016] Figure 6 tllustrates a side view of a portion of the torque reducer of Figure 1 installed on a
drill string, according to an embodiment.

[0017] Figure 7 dlustrates a perspective view of the torque reducer installed on a drill string, with
an outer sleeve thereof shown as transparent, for purposes of viewing the interior thereof, according
to an embodiment.

{6018] Figure 8 ilustrates a flowchart of a method for installing a torque reducer on a drll pipe,
according to an embodiment.

[0019] Figure 9 illustrates a perspective view of a pair of clamp assemblies of a torque reducer
being mstalled on a drill pipe, according to an embodiment.

{0028] Figure 10 illustrates a side view of another embodiment of the torque reducer.

{0021] Figure 11 dlustrates a side view of another embodiment of the torque reducer.

{0022] Figure 12 illustrates a side view of another embodiment of the torque reducer.
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[0023] Figure 13 dlustrates a side view of another embodument of the torque reducer.
[0024] It should be noted that some detads of the figure have been simplified and are drawn to
facilitate understanding of the embodiments rather than to maintain strict structural accuracy, detail,

and scale.

Detailed Description

{8028] Reference will now be made n detail to embodiments of the present teachings, examples
of which are illustrated in the accompanying drawing. In the drawings, like reference numerals have
been used throughout to designate like elements, where convenient. The following description 1s
merely a representative example of such teachings.

{0626] Figure 1 illustrates a perspective, exploded view of a torque reducer 100 coupled to a drill
pipe 102, according to an embodiment. Although described herein as being coupled to a drill pipe
102, it will be appreciated that the torque reducer 100 may be readily adapted for application with
other types of oilfield tubulars, e g., casing. The torque reducer 100 may include one or more clamp
assemblies, e g, a first clamp assembly 106 and a second clamp assembly 108, The clamp assemblies
106, 108 may be received around and secured to the drill pipe 102, as will be described in greater
detail below. As illustrated, the first and second clamp assemblies 106, 108 may be positioned
axially-adjacent to one another. In other embodiment, the first and second clamp assemblies 106,
108 may be separated axially apart. As the term s used herein, “axially” means generally in a
direction parallel to a central longitudinal axis of the drill pipe 102 (or any other oilfield tubular to
which the clamp assembly{ies) may be secured). In some embodiments, the first and second clamp
assemblies 106, 108 may be substantially identical, e g., functionally the same, but with some nmunor
differences, e.g., incidental differences such as machining tolerances. In other embodiments, the two
clamp assemblies 106, 108 may be of different designs.

[0627] The torque reducer 100 may also include an outer sleeve 104, which may, as shown, be
provided as a pair of sleeve segments 104A, 1048 securable together using fasteners 104C (e g,
bolts). In other embodiments, the sleeve segments 104A, 104B may be otherwise connected together,
such as by adhering, clamping, crimping, etc. In some embodiments, the sleeve segments 1044,
104B may be hinged on one circumferential side and removably coupled together (e g., fastened) on
the opposite circumferential side. It will be appreciated that any number of sleeve segments 104A,

104B may be employed. The combination of the sleeve segments 1044, 104B, are positioned
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entirely around the first and second clamp assemblies 106, 108, so as to fully envelope the clamp
assemblies 106, 103.

{8028] The outer sleeve 104 may define a clamp-receiving region 105 and two end regions 107A,
107B. As shown, portions of the clamp-receiving region 105 and the end regions 1074, 107B may
be defined in each of the sleeve segments 104A, 104B. The clamp-receiving region 105 may define
an wmner diameter that s larger than the inner diameter of the two end regions 107A, 107B. The
clamp-receiving region 105 may be configured to receive the clamp assemblies 106, 108, while the
end regions 107A, 107B may be configured to be received {e.g., directly} around the drill pipe 102
{or potentially with one or more other structures therebetween}. Shoulders 109A, 109B may be
defined at the transition between the end regions 107A, 1078 and the clamp-recetving region 105,
The shoulders 1094, 109B may be located on oppostte axial sides of the clamp assemblies 106, 108
when the torque reducer 100 1s assembled.

{8029] The mner diameter of the outer sleeve 104 in the clamp-receiving region 105 may be shightly
larger than an outer diameter of the clamp assemblies 106, 108 The inner diameter of the end regions
107A, 1078 may be shightly larger than the outer diameter of the drill pipe 102; however, the radial
clearance between 107 and drill pipe 102 15 greater than clearance between 105 and 106
Accordingly, the outer sleeve 104 may be rotatable relative to the clamp assemblies 106, 108 and the
drill pipe 102, in a manner sinular to a plain bearing. By contrast, the clamp assemblies 106, 108
may be secured in position on the drill pipe 102, and may thus rotate therewith, e g., relative to the
outer sleeve 104 and/or the surrounding wellbore (e g., a stationary frame of reference}. For example,
the clamp assemblies 106, 108 may be configured to facilitate such relative rotation between the
clamp assemblies 106, 108 and the outer sleeve 104 by providing a low-friction, wear-resistant
engagement therebetween, as will be described m greater detail below.

[0030] Figure 2 dlustrates a perspective view of a clamp assembly 200, according to an
embodiment. The clamp assembly 200 embodiments discussed herein may be representative of
either or both of the clamp assemblies 106, 108 discussed above. Moreover, the two clamp
assemblies 105, 108 may be of the same construction, or may be provided by two different
embodiments, without limutation. The clamp assembly 200 may include a plurality of arcuate clamp
segments, e.g., a first arcuate clamp segment 202, a second arcuate clamp segment 204, and an
mtermediate clamp segment 206 {collectively referred to herein as clamp segments 202-206). It will

be appreciated that the intermediate clamp segment 206 may be made of a single segment (as shown)
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or two or more individual segments, such that the clamp assembly 200 may be made of any number
of segments deemed suttable. In some cases, providing a thud/intermediate clamp segment 206, in
addition to the first and second clamp segments 202, 204, may provide an additional degree of
tolerance for the shape of the dnll pipe 102 {(Figure 1}, such that the clamp assemblies 106, 108 are
better able to account for ovality or variations in diameter of the drill pipe 102, Each of the clamp
segments 202-206 may be about equal m circumferential width, e g, about 120 degrees mn
embodiments with three segments 202-206.

{0031] Although Figure 2 tllustrates the clamp assembly 200 having three arcuate clamp segments
202-206, in some embodiments, the clamp assembly 200 may include two arcuate clamp segments
instead. In some cases, two segments may provide higher axial holding force than three segments.
In such embodiments, the clamp segmenis may be about equal in circumferential length, e.g., about
180 degrees.

{0632] In the dlustrated embodiment, each of the clamp segments 202, 204, 206, may include
circumferential ends 202A, 2028, 204A, 2048, 206A, 2006B, respectively {collectively referred to
heremn as circumferential ends 202A-200B). At least some of the circumferential ends 202A-2068
may be configured to be pivotally coupled to one anocther, and some of the circumferential ends
202A-2068 may be removably coupled together so as to allow the clamp assembly 200 to be received
around and secured to the drill pipe 102 or another tubular.

{6033} For example, the circumferential end 202 A of the first clamp segment 202 may be pivotally
coupled to the circumferential end 206 A of the intermediate clamp segment 206, The circumferential
end 2068 of the intermediate clamp segment 206 may be pivotally coupled to the circumferential
end 204 A of the second clamp segment 204, Once received around the drill pipe 102, for example,
the circumferential end 202B of the first clamp segment 202 may be removably (and potentially
adjustably and/or pivotally) connected to the circumferential end 204B of the second clamp segment
204, e.g., using bolts, as will be described in greater detail below.

[0034] The clamp segments 202-206 may each include one or more structural members (four are
shown for each segment, eg., 212, 214, 216, 218; collectively referred to herein as structural
members 212-218), and one or more radial wear members (three are shown, e.g., 220, 222, 224;
collectively referred to herein as radial wear members 220-224}, which are also a part of the structure.
The structural members 212-218 may be arcuate and made from a relatively strong (as compared to

the radial wear members 220-224) material, such as steel, although other matenals are contemplated.
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The radial wear members 220-224 may also be arcuate and may be made from a matenial providing
a relatively low coefficient of friction {(as compared to the structural members 212-218), such as
brass, compostte {e.g., a fiber-reinforced} material, plastic, or a combination thereof, although other
matertals are contemnplated.  Also, in some embodiments, the radial wear members 220-224 may be
coated with a material to provide a relatively low coefficient of friction, tn comparison to the main
body thereof. In some embodiments, the structural members 212-218 may extend along a greater
arc than the radial wear members 220- 224, so as to provide for connection between the clamp
segmenis 202-206. Further, the structural members 212-218 may be separated axially apart, and may
be interleaved with the radial wear members 220-224 (i.¢., the radial wear members 220-224 may
each be positioned between two of the structural members 212-218}.

{0635] The clamp segments 202-206 may each include arcuate axial wear members 230, 232,
which may be positioned on opposite axial ends of the clamp segments 202-206 and connected to
the end structural members 212, 218, The arcuate axial wear members 230, 232 may each include
two or more recesses 234, 236, in which bolts 241 may be positioned. The recesses 234, 236 may
be positioned between wear surfaces 233, 235, 237. The bolts 241 may extend through the assembly
of axial wear members 230, 232, radial wear members 220-224, and structural members 212-218, so
as to fasten the assembly together. The recesses 234, 236 may provide a pocket such that the bolt
241 ends are prevented from engaging adjacent surfaces, allowing for the low-friction material of
the axial wear members 230, 232 {e.g., on the wear surfaces 233, 235, 237) to provide the axial
extents of the clamp assembly 200 and thus engage axially adjacent structures, as will be described
in greater detai below. Tt will be appreciated that the asserbly 200 may be connected together ina
variety of different ways, with the illustrated bolts 241 being just one among many contemplated.
For example, in other embodiments, the wear members 220-224, 230, 232 may be connected via
pins, dovetail geometry, bonding, etc.

{0036] The radial wear members 220-224, and potentially the axial wear members 230, 232 as
well, may have a greater radial thickness than the structural members 212-218. For example, the
radial wear members 220-224, the structural members 212-218, and the axial wear members 230,
232 may together define an inner surface 226 of each of the clamp assembly 200, which may be
generally constant and configured to engage the drill pipe 102 (Figure 1), However, due to the greater
radial thickness, the radial wear members 220-224 (and/or the axial wear members 230, 232) may

protrude radially outward from the outer-most radial extent of the structural members 212-218.
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[0037] As mentioned above, the circumferential end 206B of the intermediate clamp segment 206
may be pivotally coupled to the circumferential end 204A of the second clamp segment 204, In the
ilustrated embodiment, a plurality of links 240 may provide such pivotal coupling. For example,
each of the plurality of links 240 may be positioned circumferentially adjacent to one of the radial
wear members 220-224 and axially between two of the structural members 212-218 A pin may
extend through the structural members 212-218 and the hnks 240 on each of the clamp segments
204, 206, thereby providing for a pivotal connection. The first segment 202 and the intermediate
segment 204 may be simtilarly, pivotally coupled together with links.

{0638] In at least one embodiment, at least one of the clamp segments 202-206 may include a
magnetic element configured to atiract the at least one of the clamp segments 202-206 to the drill
pipe 102 during mstaliation. In some embodiments, the magnetic element may be integrated into
(i.e, be a magnetized part of or embedded within} one or more of the structural members 212-218,
radial wear members 220-224, and/or axial wear member 230, 232.

{003%] Figure 3 illustrates a perspective view of another embodiment of a clamp assembly 200,
The clamp assembly 200 includes only two arcuate clamp segments 202, 204, omitting the third (e g,
224 in Figure 2).  Further, the clamp assembly 200 of Figure 3 includes an extension 275 which
extends axially from one of the axial wear members, e g, axial wear member 232 The extension
275 may be configured to fit radially between the outer sleeve 104 and the drill pipe 102 (see Figure
1). The extension 275 may provide a barrier between the inner diameter of the outer sleeve 104 and
the outer diameter of the drill pipe 102 as the dnill pipe 102 rotates relative to the outer sleeve 104
[0040] Figure 4 1llustrates a perspective view of another emnbodiment of the clamp assembly 200,
As shown, the clamp assembly 200 includes the arcuate clamp segments 202, 204 {again, omitting
the third segment 224, as shown n Figure 2). In some embodiments, three or more segments may
be employed. In this embodiment, the clamp segments 202, 204 are each made from a solid piece
of material. The particular material may be any material that meets the strength requirements to
perform the intended gripping function.

{0041] The outer surface of these clamp segments 202, 204 may be coated with a materal
providing a relatively low coefficient of friction so as to reduce friction between the clamp assembly
outer surface and the mnner surface of the outer sleeve during operation. This embodiment also
mcludes the extension 275, extending from the lower (as viewed 1n the figure) axial end of the clamp

segments 202, 204. The solid bodies of the clamp segments 202, 204 may extend, as a unitary piece
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from the extension 275 to the opposite axial end of the clamp assembly 200, In some embodiments,
as shown, the extension 275 may form an integral part of the clamp segments 202, 204, and thus the
schid body of the clamp segments 202, 204 may be considered to extend entirely between the axial
ends of the clamp segment 202, 204,

[8042] Figure 5 illustrates a perspective view of another embodiment of the clamp assembly 200.
As mentioned above, any number of structural members 212-218 and/or any number of radial wear
members 220-225 may be employved. Demonstrating this point, the clamp assembly 200 provides an
additional structural member 219 and an addiiional radial wear member 225, As shown, the radial
wear members 220-225 may extend along the same arc as the structural members 212-219. To
pivotally connect the ends {e.g., ends 202A and 206A) together, as shown in Figure 5, clevises 300,
302 may be machined or otherwise formed into the ends of the structural members 212-219. The
links 240 may thus be pivotally coupled to the structural members 212-219 in the clevises 300, 302,
rather than axially between structural members 212-219.

{0043} Figure 6 illustrates a side view of the torque reducer 100, with one of the sleeve segments
104A positioned around one of the clamp assemblies 106, according to an embodiment. As
mentioned above, the clamp assembly 106 may be formed as described with respect to an
embodiment of the clamp assembly 200, and like elements are referenced by the same numbers. In
particular, Figure 6 depicts the circumferential ends 202B, 204B of the first and second clamp
segments 202, 204 being connected together. As shown, fasteners 400, such as bolts, may be
provided to make an adjustable and removable connection for the first and second clamp segments
202, 204, 1In particular, the adjustability of the connection may allow for the total circumference of
the clamp assembly 200 to be adjusted, e.g., reduced, so as to adjust a gripping force apphied by the
clamp assembly 200 on the drill pipe 102

[0044] For example, the fasteners 400 may be positioned between axially-adjacent structural
members 212-218. The fasteners 400 may extend through pins 402 formed n the first clamp segment
202 and may be threaded into holes 404 provided in a corresponding location on the second clamp
segment 204, As such, turning the fasteners 400 may serve to draw the first and second clamp
segments 202, 204 closer together and reduce the overall circumference of the clamp assembly 106,
thereby causing the clamp assembly 106 to grip the dridl pipe 102, 1t will be appreciated that such
adjustable and/or removable connection may be made using a variety of other structures, and that the

clamp assembly 200 may include two or more sets of circumferential ends connected together in this
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manner.

[0045] Figure 6 also illustrates the mteraction between the sleeve segment 104A, a portion of the
clamp assembly 106, and the dnll pipe 102, which may be illustrative of simlar interactions
mvolving the remainder of the clamp assembly 106, sleeve segment 1048, and/or clamp assembly
108 as well. As shown, the clamp assembly 106 1s recetved in the clamp-receiving region 105, In
particular, an mner diameter surface 410 of the sleeve segment 104A engages an outer surface of at
least some of the radial wear members 220-224 and an outer surface of the axial wear member 230,
Further, the imner diameter surface 410 is held spaced apart from the structural members 212- 218
by the protruding of the radial wear members 220-224. Thus, the low-friction wear material of the
radial wear members 220-224 promotes low-friction, wear-resistant engagement between the
relatively rotatable outer sleeve 104 and the clamp assembly 106

{0046] Further, the shoulder 109A 1s closely proximal {(e.g., potentially engaging) the axial wear
member 230, Accordingly, when an axial load (e.g., to the left, in the illustration) is present, the
shoulder 109A may engage the low-friction material of the axial wear member 230, thereby
mitigating friction forces that would otherwise tend to impede relative rotation between the outer
sleeve 104 and the clamp assembly 106, It will be appreciated that the interaction between the
shoulder 1098 (see Figure 1) and the axial wear member 232 (see Figure 2} may act similar in the
presence of axial load in the opposite direction.

{6047] Figure 7 illustrates a perspective view of the torque reducer 100, with the outer sleeve 104
assembled over the clamp assemblies 106, 108, according to an embodiment, and shown as
transparent, to allow viewing of the clamp assemblies 106, 108, The clamp assemblies 106, 108
being adjacent to each other may result in the axial wear member 232 of the first clamp assembly
106 engaging the axial wear member 230 of the second clamp assembly 108, Further, the first and
second clamp assemblies 106, 108 are positioned in the clamp-receiving region 103, between the
shoulders 1094, 109B. The clamp assembhies 106, 108 may be integral, making up one single
assembly equal i length to the combimation of the clamp assemblies 106, 108,

[0048] Figure 8 llustrates a flowchart of a method 800 for installing a torque reducer, according
to an ermnbodiment. The method 800 may be implemented using an emnbodiment of the torque reducer
100 described above with reference to Figures 1-7, and thus may be best understood by reference
thereto. Some embodiments may, however, be implemented using other structures, and thus the

present method 800 should not be considered limited to any particular structure unless otherwise
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stated herein.

[0049] The method 300 may begin by positioning one or more clamp assemblies 106, 108 around
a drill pipe 102, as at 802, Figure 9 illustrates, according to an example, the first clamp assembly
106 1 the process of being positioned around the dnill pipe 102, with the axually-adjacent second
clamp assembly 108 having already been posttioned around the drill pipe 102, The clamp assemblies
106, 108 may be received laterally onto the dull pipe 102, e g, rather than over an end thereof. As
described above, the segments 202-2006 of the clamp assemblies 106, 108 may be pivotally coupled
together, allowing the clamp assemblies 106, 108 to articulate and move open and closed. This may
facilitate receiving the clamp assemblies 106, 108 around the drill pipe 102, including situations in
which the drilf pipe 102 is not perfectly round and varies from a nominal diameter thereof In some
embodiments, at least a portion of at least one of the clamp assemblies 1060, 108 may be magnetic,
50 as to attract the clamp assembly 106, 108 to the dnill pipe 102 and facilitate installation.

{0656] The method 800 may also include connecting together two circumferential ends 202B,
204B of clamp segments 202, 204 of the one or more clamp assemblies 106, 108, as at 804, As best
shown inn Figure 6, the clamp segment ends 2028, 2048 may be connected together so as to hold the
clamp segment 106 around the drill pipe 102. A variety of different connections may be emploved
to hold the circumferential ends 2028, 204B together. In some embodiments, the connections may
be made by bolts or other adjustable fasteners. In such case, the method 800 may include tightening
the connection to produce a gripping force that holds the clamp assemblies 106, 108 to the dnill pipe
102, as at 806. In other embodiments, the connection may not require tightening to produce the
gripping force.

[0051] The method 800 may also include positioning an outer sleeve 104 around an entirety of the
one or more clamp assemblies 106, 108, such that the outer sleeve 104 1s configured to rotate with
respect to the drill pipe by shding along radial and/or axial wear members of the one or more clamp
assemblies, as at 803,

[00352] Figure 10 illustrates a side view of another embodiment of the torque reducer 100, In this
embodiment, the torque reducer 100 includes the first and second clamp assemblies 106, 108, which
are positioned around and tightened to grip the dridl pipe 102, The clamp assemblies 106, 108 are
also spaced axially apart in this embodiment. The outer sleeve 104, which 1s assembled around the
clamp assemblies 106, 108, includes a medial shoulder 1000 that extends inwards i the clamp-

receiving portion 105, The medial shoulder 1000 is configured to be positioned axially intermediate
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of the spaced-apart first and second clamp assemblies 106, 108, as shown. The medial shoulder 1000
may have two axially-facing surfaces 1002, 1004, which face m opposite axial directions.

{8053] The medial shoulder 1000 may thus partition the clamp-receiving portion 105 mto two,
smaller clamp-receiving portions 1005A, 1005B, each receiving one of the clamp assemblies 106,
108. The clamp-receiving portions 10054, 1005B may have an axial length that 1s shghtly larger
than the axial length of the clamp assembly(ies) 106, 108 positioned therein, such that some amount
of axial clearance 15 provided between the outer sleeve 104 and the clamp assemblies 106, 108, It
will be appreciated that two or more clamp assemblies may be positioned in either or both of the
clamp-receiving portions 1005A, 1005B. Moreover, it will be appreciated that the outer sleeve 104
may include more than one medial shoulder, and thus more than two clamp-receiving portions, each
potentially including one or more clamp assemblies therein.

{0054] Referring again to the illustrated embodiment, when the first and second clamp assemblies
106, 108 rotate with respect to the outer sleeve 104 {as by rotation of the drill pipe 102), the axial
wear member 232 of the first clamp assembly 106 and/or the axial wear member 230 of the second
clamp assembly 108 may slide against the corresponding axially-facing surface 1002, 1004 of the
medial shoulder 1000, Which (if any) of the clamp assemblies 106, 108 engages the shoulder 1000
may depend on a direction of an axial {(e.g., drag) force incident on the outer sleeve 104.

{0055] As can also be seen in Figure 10, the axial wear members 230, 232 do not include the
recesses 234, 236 (see Figure 2). Rather, the bolts 241, which are not visible in Figure 10, may be
received into counter-sunk holes formed in the axial wear members 230, 232, thus preventing the
bolts 241 from engaging adjacent structures in the same manner as the recesses 234, 236, This
counter-sunk hole embodiment may be applied with any of the embodiments described herein.
[0056] Figures 11, 12, and 13 each illustrate a side view of another embodiment of the torque
reducer 100. In these embodiments, extensions 1100, 1102 may extend axially from one of the axial
weat members 230, 232 of each of the clamp assemblies 106, 108. The extension 1100, 1102 may
be integrally formed as part of the axial wear members 230, 232 or may be a separate piece that is
connected thereto. As shown, the extensions 1100, 1102 may be configured to fit radially between
the outer sleeve 104 and the dnll pipe 102, In particular, the extensions 1100, 1102 may be
configured to fit between the end regions 1074, 1078, although, in other embodiments, at least one
extension could be positioned between the shoulder 1000 (where provided} and the drill pipe 102,

In embodiments mcluding a single clamp assembly {(i.e., spanning the entirety of the clamp- receiving
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portion 105 of the outer sleeve 104), the single clamp assembly may include two such extensions
1100, 1102, one extending axially from each of is axial wear members 230, 232.

{8057] The outer sleeve 104 may rotate relative to the drill pipe 102 and clamp assemblies 106,
108, while an mner surface of the end portions 107A, 1078 thereof engages the extensions 1100,
1102. The extensions 1100, 1102 may thus be made of a low-friction, wear-resistant material, simlar
to or the same as, the axial wear members 230, 232, The extensions 1100, 1102 may be sized to
extend all or a portion of the axial fength of the end portions 107A, 1078, such that the axial ends of
the extensions 1100, 1102 and the outer sleeve 104 are aligned. In other embodimenits, the extensions
1100, 1102 may be shorter, and the ends thereof may be within the outer sleeve 104 In still other
embodiments, such as, for example, the embodiment of Figure 12, the extensions 1100, 1102 may
extend axially past the ends of, and thus outwards of,| the outer sleeve 104

{0058] In the specific, illustrated embodiment, the extensions 1100, 1102 may each include an
outboard shoulder 1104, 1106. The shoulders 1104, 1106 may be integral with the remainder of the
extensions 1100, 1102, being formed by the extensions 1100, 1102 extending radially cutward. The
outboard shoulders 1104, 1106 may be formed so that the axial ends of the outer sleeve 104 may
bear upon the outboard shoulders 1104, 1106 when an axial load s applied to the outer sleeve 104,
Engagement of the outer sleeve 104 with the outboard shoulder(s) 1104, 1106 may be
contemporaneous with rotation of the outer sleeve 104, and thus the outboard shoulders 1104, 1106
may provide for a relatively low-friction, wear-resistant interaction therebetween. An outer surface
1108, 1110 of the outboard shoulders 1104, 1106 may be tapered so as to provide a smooth transition
from the drill pipe 102 outwards to the outer surface of the outer sleeve 104 as proceeding axially
along the drill pipe 102.

[0059]  As used herein, the terms “inner” and “outer”; “up” and “down”; “upper” and “lower”;
“apward” and “downward”; “above” and “below”; “wmward” and “outward”; “uphole” and
“downhole”; and other like terms as used herein refer to relative positions to one another and are not
intended to denote a particular direction or spatial orientation. The terms “couple,” “coupled,”

39 ¢t

“connect,” “connection,” “connected,” “in connection with,” and “connecting” refer to “in direct
connection with™ or “in connection with via one or more intermediate elements or members.”

[0060] While the present teachings have been illustrated with respect to one or more
mplementations, alterations and/or modifications may be made to the dlustrated examples without

departing from the spirit and scope of the appended claims. In addition, while a particular feature of
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the present teachings may have been disclosed with respect to only one of several
mplementations, such feature may be combined with one or more other features of the other
moplementations as may be desired and advantageous for any given or particular function,
Furthermore, to the extent that the terms “including,” “includes,” “having,” “has,” “with,” or variants
thereof are used i either the detailed description and the claims, such terms are intended to be
melusive in a manner stmilar to the term “comprising.” Further, in the discussion and claims herein,
the term “about” indicates that the value listed may be somewhat altered, as long as the alteration
does not result in nonconformance of the process or structure to the illustrated embodiment.

{0661] Other embodiments of the present teachings will be apparent to those skilled in the art from
consideration of the specification and practice of the present teachings disclosed herein. It 1s intended
that the specification and examples be considered as exemplary only, with a true scope and spirit of

the present teachings being indicated by the following claims.
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CLAIMS:
What 1s claimed 15
1. An apparatus for reducing torque tn a drill string, comprising:

a first clamp assembly comprising a plurality of arcuate clamp segments that are pivotally
connected together, the plurality of arcuate clamp segments being configured to be positioned
around and secured to an oilfield tubular so as to be rotationally fixed to the oilfield tubular; and

an outer sleeve positioned around the first clamp assembly, wherein the outer sleeve
comprises at least two sieeve segments assembled together to form a generally cylindrical sleeve
around the first clamp assembly, and wherein the first clamp assembly 1s configured to rotate with

the oilfield tubular and with respect to the outer sleeve.

2. The apparatus of claim 1, wherein the plurality of arcuate clamp segments comprises:

a first clamp segment comprising first and second circumferential ends; and

a second clamp segment comprising first and second circumferential ends,
wherein the second circumferential end of the first clamp segment is releasably coupled to the first
circumferential end of the second clamp segment and the first circumferential end of the first clamp

segment is releasably coupled to the second circumferential end of the second clamp segment.

3. The apparatus of claim 2, wherein a connection between the first clamp segment and the
second clamp segment 1s adjustable s0 as to adjust a circumference of the first clamp assembly, to

secure the first clamyp assembly to the ailfield tubular,

4. The apparatus of claim 1, wherein the plurality of arcuate clamp segments comprises:

a first clamp segment comprising first and second circumferential ends;

a second clamp segment comprising first and second circumferential ends; and

an intermediate clamp segment comprising first and second circumferential ends,

wherein the first circumferential end of the first clamp segment 1s releasably coupled to the
first circumferential end of the second clamp segment, the first circumferential end of the

mtermediate clamp is releasably coupled to the second circumferential end of the first clamp
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segment, and the second circumferential end of the intermediate clamp is releasably coupled to the

second circumferential end of the second clamp segment.

5. The apparatus of claim 1, wherein at least a portion of at least one of the plurality of arcuate
clamp segments 1s magnetic, such that the at least one of the plurabity of arcuate clamp segments 1s

attracted to the oilfield tobular,

6. The apparatus of claim 1, wherein each of the plurality of arcuate clamp segments
COMPrises:

a plurality of arcuate structural members; and

a plurality of arcuate radial wear members, the plurality of arcuate radial wear members
being interleaved between the plurality of arcuate structural members, and the plurality of arcuate

radial wear members having a greater radial thickness than the plurality of arcunate structural

members.
7. The apparatus of claim 6, wherein the plurality of arcuate radial wear members each

comprise a wear material that has a lower coefficient of friction than a material of the plurality of

arcuate structural members.

8. The apparatus of claim 7, wherein an outer diameter surface of the plurality of arcuate clamp
segments 1s configured to shide against an inner diameter surface of the outer sleeve, and wherein
the plurality of arcuate clamop segmenis are configured to prevent an outer surface of the plurality

of arcuate structural members from sliding against the inner diameter surface of the outer sleeve.

9, The apparatus of claim I, wherein each of the plurality of clamp segments comprises an
axial wear member positioned on an axial end thereof and configured to engage and rotate relative

to the outer sleeve.

10, The apparatus of claim 9, wherein the outer sleeve comprises an mner shoulder that s

configured to engage the axial wear members of the plurality of arcuate clamp segments.
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11 The apparatus of claim 1, wherein each of the plurality of arcuate segments comprises a solid

body that extends from one axial end to the other axial end of the first clamp assembly.

12, The apparatus of claim 1, further comprising a second clamp assembly that 1s substantially
identical to the first clamp assembly and 13 positioned axially adjacent to the first clamp assembly
and secured to the oilfield tubular so as to be rotationally fixed to the osifield tubular, and wherein

the outer sleeve 1s positioned around the first and second clamp assemblies.

13. The apparatus of claim 1, further comprising a second clamp assembly that 1s substantially
identical to the first clamp assembly and 13 configured to be spaced axially apart from the first clamp
assembly, wherein the outer sleeve comprises a medial shoulder that is positioned axially between
the first and second clamp assemblies, and wherein the medial shoulder 15 configured to shide
against at least one of the first clamp assembly or the second clamp assembly when the outer sleeve

rotates with respect to the first and second clamp assemblies.

14, The apparatus of claim 1, wherein:

the clamp assembly further comprises an axial wear member configured to engage a
shoulder of the outer sleeve, and an extension extending axially from the axial wear member and
positioned radially between the oilfield tubular and outer sleeve; and

the outer sleeve comprises an end region having an inner diameter that is sized to engage

the axial extension of the axial wear member.

5. A method for installing an apparatus for reducing torque 1n a drill string, comprising;

positioning at least one clamp assembly around a tubular, wherein the clamp assembly
comprises a plurality of structural members and a plurality of radial wear members each disposed
between two of the plurality of structural members and having a greater radial thickness than the
plurality of structural members;

connecting together two circumferential ends of the clamp assembly, wherein connecting
comprises tightening a connection between the two circumferential ends of the clamp assembly, to
cause the clamp assembly to apply a gripping force to the tubular; and

assembliing an outer sleeve around the clamp assembly, such that the clamp assembly 13
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recewved within the outer sleeve, wherein an inner diameter surface of the outer sleeve is configured
to engage the plurabity of wear members, and wherein the outer sleeve 1s rotatable relative to the

clamp assembly.

16, The method of claim 15, wherein connecting the two circumferential ends of the clamp
assembly comprises:

ptvoting a first clamp segment of the clamp assembly with respect to a second clamp
segment of the clamp assembly while the first and second clamp segments are coupled together;
and

tightening a fastener to draw the two ends together so as to circumferentially shorten the

clamp assembly thereby tightening the clamp onto the tubular.

17. An apparatus for reducing torque tn a drill string, comprising:

a first clamp assembly comprising a plurality of arcuate clamp segments that are pivotally
connected together, the plurality of arcuate clamp segments being configured to be positioned around
and secured to an oilfield tubular so as to be rotationally fixed to the oilfield tubular, the clamp
segments each comprising at least one arcuate structural member coated with a friction-reducing
coating;

an outer sleeve positioned around the first clamp assembly, wherein the outer sleeve
comprises at least two sleeve segments assembled together to form a generally cylindrical sleeve
around the first clamp assembly,

wherein the first clamp assembly 15 configured to rotate with the oilfield tubular and with

respect to the outer sleeve,

18 The apparatus of claim 17, further comprising a plurality of adjustable fasteners connecting

the plurality of arcuate segments together.
i9. The apparatus of claim 17, further comprising a second clamp assembly that is positioned
around the oilfield tubular axually adjacent to the first clamp assembly, wheremn the outer

sleeve 1s positioned around the second clamp assembly.

20. The apparatus of claim 19, wherem the first clamp assembly 15 substantially identical to the
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second clamp assembly.
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