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REAMER BLADES EXHIBITING AT LEAST ONE OF ENHANCED GAGE
CUTTING ELEMENT BACKRAKES AND EXPOSURES AND REAMERS SO
EQUIPPED

FIELD

[0001] The disclosure relates generally to reamers for enlarging boreholes in
subterranean formations. More specifically, the discloséd embodiments relate to reamer
blades for expandable reamers and fixed blade reamers carrying superabrasive cutting
clements having substantially circular cutting faces at least one of oriented and exposed to
reduce or eliminate the need to alter an as produced geometry of the superabrasive cutting

elements.

BACKGROUND
[0002] Reamers are typically employed for enlarging boreholes in subterranean
formations. In dnlling o1l, gas, and geothermal wells, casing is usually installed and cemented to,
among other things, prevent the well bore walls from caving into the borehole while providing
requisite shoring for subsequent drilling operation to achieve greater well depths. Casing is also
installed to isolate different formations, to prevent cross flow of formation fluids, and to enable

control of formation fluids and pressure as the borehole is drilled. To increase the depth of a

previously drilled borehole, new casing, or liner is extended below the initial casing. The
diameter of any subsequent sections of the well may be reduced because the drill bit and any
further casing or liner must pass through the interior of the initial casing. Such reductions in the
borehole diametcr may limit the production flow rate of oil and gas through the borehole.
Accordingly, a borehole may be enlarged in diameter below the initial casing to a diameter
greater than an outer diameter of the initial casing prior to installing additional casing or liner to
minimize any reduction in interior diameter of a production-ready (i.e., cased or lined and

cemented) borehole and enable better production flow rates of hydrocarbons through the

borehole.

[0003] One conventional approach used to enlarge a subterrancan borchole includes

the use of an expandable reamer, alone or above a pilot bit sized to pass through the initial

casing. Expandable reamers may include blades carrying cutting elements and that are pivotably
or slidingly atfixed to a tubular body and actuated between a retracted position and an expanded
position. Another conventional approach used to enlarge a subterranean borehole includes

employing a bottom hole assembly comprising a fixed blade reamer, commonly termed a

1
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“reamer wing,” alone or above a pilot drill bit. The reamer may include a number of blades of
differing radial extent to enable the reamer to pass eccentrically through the initial casing and
subsequently, when the reamer is rotated about a central axis, enlarge the borehole below the
initial casing.

[0004] In both approaches, superabrasive cutting elements such as those comprising

polycrystalline diamond compacts (PDCs) may be used to engage and degrade the formation.
Such cutting elements, when employed on the gage of a reamer blade, may require machining,
such as grinding, after the cutting elements are affixed to a reamer blade to establish a cutting
diameter of the reamer, to create a smooth wall of the borehole after the borehole is enlarged by
other, more distal (with regard to the extent of the borehole) superabrasive cutting elements, and
to reduce reactive torque on the reamer due to contact of the gage cutting elements with the
borehole wall. For example, a linear edge may be ground into a side of a superabrasive table of
an otherwise cylindrical cutting element. Such machining may require an additional step in
production, and thus may increase the time and cost associated with manufacturing a reaming
tool. Furthermore, superabrasive cutting elements, such as those comprising PDCs, exhibit
internal residual compressive and tensile stresses attributable to the high pressure, high
temperature process employed to form the PDC, to attach the PDC to a supporting substrate, or
both, particularly, for example, at an interface between a polycrystalline diamond table of a PDC
and a supporting tungsten carbide substrate. Machining can alter the magnitude and type of
stresses resident in the as-formed PDC as well as symmetrical residual stress distribution,
potentially compromising the integrity of the cutting superabrasive element, leading to early
failure by mechanisms such as spalling or delamination of the PDC from the supporting

substrate.

BRIEF SUMMARY

[0005] In one embodiment, a downhole tool configured to enlarge a borehole may
comprise at least one blade extending latcrally from a central portion of the tool, and the at least
one blade may comprise a gage portion. Cutting elements having substantially circular cutting
faces may be affixed to the at least one blade, and cach of the cutting elements may comprise a
cutting edge for contacting the borehole. Cutting edges of at least one cutting element located on
the gage portion may be defined substantially by an arcuate portion of a cutting face periphery.
The at least one cutting element located on the gage portion may exhibit a cutting face back rake

angle greater than a back rake angle of cutting faces of cutting elements on at least one other

portion of the at least one blade.

CA 2923564 2017-08-10



[0006] In another embodiment, a reamer blade may comprise a gage portion and
cutting elements having substantially circular cutting faces affixed to the at least one blade. Each
of the cutting elements may comprise a cutting edge for contacting the borehole. Cutting edges
of at least one cutting element located on the gage portion may be defined substantially by an
arcuate portion of a cutting face periphery. The at least one cutting element located on the gage
portion may exhibit a cutting face back rake angle greater than a back rake angle of cutting faces
of cutting elements on at least one other portion of the at least one blade.

[0007] In another embodiment, a downhole tool configured to enlarge a borehole may
comprise: at least one blade extending laterally from a central portion of the tool, the at least one
blade comprising a gage portion; and cutting elements having substantially circular cutting faces
atfixed to the at least one blade, each of the cutting elements comprising a cutting edge for
contacting the borehole, wherein a cutting edge of at least one cutting element located on the
gage portion 1s defined substantially by an arcuate portion of a cutting face periphery, the at least
one cutting element located on the gage portion exhibiting a cutting face back rake angle greater
than a back rake angle of cutting faces of cutting elements on at least one other portion of the at
least one blade, and wherein the cutting edge of the at least one cutting element located on the
gage portion extends above a surface ot the at Icast one blade by a distance less than a radius of
the cutting face of the at least one cutting element.

[0007] In another embodiment, a reamer blade may comprise: a gage portion; and
cutting elements having substantially circular cutting faces affixed to the reamer blade, each of
the cutting elements comprising a cutting edge for contacting a borehole, wherein a cutting edge
of at least one cutting element located on the gage portion is defined substantially by an arcuate
portion of a cutting face periphery, the at least one cutting element located on the gage portion
exhibiting a cutting face back rake angle greater than a back rake angle of cutting faces of
cutting elements on at least one other portion of the reamer blade, and wherein the cutting edge
of the at least one cutting element located on the gage portion extends above a surface of the

reamer blade by a distance less than a radius of the cutting face of the at least one cutting

clement.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] While the disclosure concludes with claims particularly pointing out and
distinctly claiming specific embodiments, various features and advantages of embodiments of
the disclosure may be more readily ascertained from the following description when read in
conjunction with the accompanying drawings, in which:

[0009] FIG. 1 is a cross sectional view of an embodiment of an expandable reamer in
a subterranean formation;

[0010] FIGS. 2A through 2C are schematic partial sectional elevations of an
embodiment of a bottom hole assembly including a reamer wing in a subterranean formation:

[0011] FIG. 3 is a perspective view of an embodiment of a blade of an expandable
reamer;

[0012] FIG. 4 15 a cross-sectional view of a reamer blade and a cutting element
according to the embodiment of FIG. 3; and

[0013] FIG. 5 1s a perspective view of the reamer blade embodiment of FIG. 3.

DETAILED DESCRIPTION

[0014] The 1llustrations presented herein are not meant to be actual views of any
particular reamer tool or component thereof, but are merely idealized representations employed

to describe illustrative embodiments. Thus, the drawings are not necessarily to scale.

3a
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[0015] Referring to FIG. 1, a cross-sectional view of an expandable reamer 100 in a
borehole 106 in a subterranean formation is shown. The expandable reamer 100 may
comprise a housing 102 having a longitudinal axis L and defining a central bore 104
extending through the housing 102. The housing 102 may comprise a generally cylindrical
tubular structure with an upper end 110 and a lower end 112. The lower end 112 of the
housing 102 may include a connection portion (e.g., a threaded box or pin member) for
connecting the lower end 112 to another section of a drill string or another component of a
bottom-hole assembly (BHA), such as, for example, a drill collar or collars carrying a pilot
drill bit for drilling a borehole. Similarly, the upper end 110 of the housing 102 may include a
connection portion (e.g., a threaded box or pin member) for connecting the upper end 110 to
another section of a drill string or another component of a bottom-hole assembly (BHA).

[0016] A plurality of blades 114 (only one blade 114 is visible, and other blades are
not within the plane of FIG. 1) is circumferentially spaced around the housing 102 and is carried
by the housing 102 between the upper end 110 and the lower end 112. The blades 114 are shown
in an initial, retracted position within the housing 102 of the expandable reamer 100, but are
configured selectively to extend responsive to application of hydraulic pressure into an extended
position when actuated and return to the retracted position when de-actuated. The expandable
reamer 100 may be configured to engage the walls of a subterranean formation defining the
borehole 106 with the blades 114 to remove formation material when the blades 114 are in the
extended position, and to disengage from the walls of the subterranean formation when the
blades 114 are in the retracted position. The blades 114 may be configured to move upward (i.e.,
towards a proximal end of the drill string above the surface of the subterranean formation) and
radially outward from the longitudinal axis L along a track or guide 108 to engage walls of the
borehole 106. While the expandable reamer 100 shown includes three blades 114, the
expandable reamer 100 may include any number of blades 114, such as, for example, one, two,
four, or greater than four blades, in alternative embodiments. Moreover, though the blades 114
shown are symmetrically circumferentially positioned around the longitudinal axis £ of the
housing 102 at the same longitudinal position between the upper and lower ends 110 and 112,
the blades may also be positioned circumferentially asymmetrically around the longitudinal axis
L, at different longitudinal positions between the upper and lower ends 110 and 112, or both in
alternative embodiments.

[0017] The expandable reamer 100 may optionally include a plurality of
stabilizers 116 extending radially outwardly from the housing 102. Such stabilizers 116 may

center the expandable reamer 100 in the borehole while tripping into position through a
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casing or liner string and while drilling and reaming the borehole by contacting and sliding
against the wall of the borehole. In other embodiments, the expandable reamer 100 may lack
such stabilizers 116. In such embodiments, the housing 102 may comprise a larger outer
diameter in the longitudinal portion where the stabilizers are shown in FIG. 1 to provide a
similar centering function as provided by the stabilizers. The stabilizers 116 may stop or limit
the extending motion of the blades 114, determining the extent to which the blades 114
extend to engage a borehole. The stabilizers 116 may optionally be configured for removal
and replacement by a technician, particularly in the field, allowing the extent to which the
blades 114 extend to engage the borehole to be selectively increased or decreased to a
preselected and determined degree.

[0018]  FIGS. 2A through 2C show a bi center bottom hole assembly 210 including
a fixed wing reamer 200. One or more drill collars 212 may be suspended from the distal end
of a drill string extending to the rig floor at the surface. Pass through stabilizer 214 (optional)
1s secured to drill collar 212, the stabilizer 214 being sized equal to or slightly smaller than the
pass through diameter of the bottom hole assembly 210, which may be defined as the smallest
diameter borehole through which the assembly may move longitudinally. Another drill collar
216 (or other drill string element such as a MWD tool housing or pony collar) is secured to
the bottom of stabilizer 214, below which fixed wing reamer 200 is secured via tool joint 218.
Another joint 222 is located at the bottom of the fixed wing rcamer 200. Upper pilot stabilizer
224, secured to fixed wing reamer 200, is of an O.D. equal to or slightly smaller than that of
pilot bit 230 at the bottom of the bottom hole assembly 210. Yet another, smaller diameter
drill collar 226 1s secured to the lower end of upper pilot stabilizer 224, followed by a lower
pilot stabilizer 228 which is secured to the pilot bit 230. The pilot bit 230 may be either a
rotary drag bit or a tri cone, so called “rock bit.” The bottom hole assembly 210 is by way of
example only, and many other assemblies and variations may be cmployed. There is an upper
lateral displacement between the axis of the pass through stabilizer 214 and the axis of the
fixed wing reamer 200, which displacement is provided by the presence of the drill collar 216
therebetween and which promotes passage of the bottom hole assembly 210, and particularly
the [ixed wing reamer 200, through a borehole segment of the design pass through diameter.

[0019] In pass through condition, shown in FIG. 2A, the assembly 210 is always in

etther tension or compression, depending upon the direction of travel, as shown by arrow 234.
Contact of the bottom hole assembly 210 with a borehole wall 250 is primarily through pass
through stabilizer 214 and fixed wing reamer 200. The bottom hole assembly 210 is not

normally rotated while in pass through condition.

5
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[0020] FIG. 2B depicts the start up condition of assembly 210, wherein assembly
210 1s rotated by application of torque as shown by arrow 236 as weight on bit (WOB) 15 also
applied to the string, as shown by arrow 238. As shown, pilot bit 230 has drilled ahead into
the uncut formation to a depth approximating the position of upper pilot stabilizer 224, but
tixed wing reamer 200 has yet to commence enlarging the borehole to drill diameter. As
shown at 232 and 240, the axis of the fixed-wing reamer 200 is laterally displaced from those
of both pass through stabilizer 214 and upper pilot stabilizer 224. In this condition, the fixed-
wing reamer 200 has not yet begun its transition from being centered about a pass through
center linc to its drilling mode center line which is aligned with that of pilot bit 230.

[0021] FIG. 2C shows the normal drilling mode of the bottom hole assembly 210,
wherein torque 236 and WOB 238 are applied. Upper displacement 232 may remain as
shown, but generally is eliminated under all but the most severe drilling conditions. Lower
displacement 240 has been eliminated as fixed wing reamer 200 is rotating about the same
axis as pilot bit 230 in cutting the borehole to full drill diameter.

[0022]  With reference now to FIG. 3, a reamer blade 300 of an expandable reamer
100 (FIG. 1) 1s shown. While the reamer blade 300 is illustrated in connection with
expandable reamer 100, aspects of the disclosure herein are equally applicable to expandable
reamers and fixed wing reamers of the type described in connection with FIGS. 2A through
2(C. The reamer bladc 300 may be configured to enlarge a borehole from an initial diameter to
a larger, final diameter to enable subsequent operations (e.g., the installation of well bore
casing or liner). For cxample, reamer blade 300 may include a profile with a gage portion
302, a downdrill shoulder portion 304 at a location distal to the gage portion 302, and an
updrill shoulder portion 310 at a location proximal to the gage portion 302. A plurality of

cutting elements 312 may be disposed in respective recesses (e.g., brazed into pockets)

formed 1n each of the gage portion 302, the downdrill shoulder portion 304, and the updrill
shoulder portion 310. The plurality of cutting elements 312 may engage the formation while
the blade 300 1s in an extended position, as described in connection with FIG. 1. The plurality
of cutting elements 312 may each include a superabrasive material table and a supporting
substrate. For example, the plurality of cutting elements 312 may include a polycrystalline
diamond table affixed to a supporting substrate of tungsten carbide. The polycrystalline
diamond table may be affixed to the supporting substrate during a manufacturing process such

as a high pressure high temperature sintering process to form a polycrystalline diamond
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compact (PDC), or thereafter. In other embodiments, the plurality of cutting elements 312
may include cubic boron nitride, thermally stable polycrystalline diamond, or other materials
suitable for shearing formation material.

[0023] The updrill shoulder portion 310 may be configured to, for example, ease
removal of the expandable reamer 100 from the borehole or to enable the expandable reamer
100 to enlarge the borehole as the drill string and expandable reamer 100 are retracted from
the borehole. The downdrill shoulder portion 304 may vary from a distal end 306 (i.e., an end
farthest from the surface of the borehole) corresponding to an initial cutting diameter to a
proximal end 308 corresponding to a larger, final or near-final cutting diameter substantially
comprising a gage diameter of the enlarged borehole. As shown in FIG. 3, the downdrill
shoulder portion 304 may include an arcuate profile between the distal end 306 and the gage
portion 302. In other embodiments, the downdrill shoulder portion 304 may include a lincar
profile between the distal end 306 and the gage portion 302, or other shapes. The plurality of
cutting elements 312 on the downdrill shoulder portion 304 may be positioned along an outer
surface of reamer blade 300 to increase the diameter of a borehole from an initial diameter to
a diameter equal to or nearly equal to a desired final diameter as the expandable reamer 100
(FIG. 1) rotates and advances through the formation.

[0024] A final cutting diameter and a finished surface of the borehole wall may be
established by cutting edges 314 of at least one cutting element 312 located on the gage
portion 302 of the reamer blade 300. The at least one cutting element 312 may include a
superabrasive material, such as polycrystalline diamond, as described above in connection
with the plurality of cutting elements 312. The cutting elements 312 may each comprise a
substantially cylindrical shape with a cutting face diameter of, for example, 13 mm (0.51
inches), 16 mm (0.63 inches), or other sizes.

[0025] Because conventional drilling tools rotate as they advance through the
formation, a cutting profile (i.e., a shape of the cutting edge 314) of the one or more cutting
elements 312 attached to the gage portion 302 of the reamer tool 300 may leave a helical
pattern in the borehole wall. For example, the cutting profile of a cylindrical cutting element
may be defined by a portion of a periphery of the one or more cutting elements 312 in contact
with the formation. As a result, a recess in the borehole wall corresponding to the cutting
profile (i.e., a curved shape formed by the portion of the circumterence) of the one or more
cutting elements 312 may be formed along a helical pattern in the borehole wall as the
expandable reamer 100 concurrently rotates and advances through the formation.

Accordingly, hard or superabrasive material (e.g., PDC) of at least some of the cylindrical
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cutting elements 312 located in the gage portion 302 of the reamer blade 300 may
conventionally be machined to include a planar surface oriented so that each cutting element
includes a linear cutting edge oriented parallel to the longitudinal (i.e., rotational) axis of the
expandable reamer 100 (FIG. 1). The linear cutting edge may provide a smoother borehole
wall as the expandable reamer 100 advances through the formation, as the cutting profile
engaged with the formation is linear and parallel to the direction in which the tool advances
through the formation. The linear cutting edge may also reduce reactive torque from
engagement of the formation material. Cutting elements including such a linear cutting edge
may be referred to as “gage trimmers,” and forming the planar surface may be referred to as
“tip grinding.”

[0026] Machining a planar surface into the cutting elements may compromise the
structural integrity of the one or more cutting elements 312. For example, and as noted above,
the cutting elements 312 may exhibit residual internal stresses resulting from the typically
high processing temperatures and the potentially significant differences in thermal expansion
between dissimilar materials in the cutting elements 312, such as diamond grains and metallic
binder in the diamond table of a PDC. Residual stresses may also be present at the interface
hetween the table of superabrasive material (e.g., polycrystalline diamond) and the supporting
substrate of, for example, tungsten carbide, the magnitude, type and location ot such stresses
varying, depending upon interface configuration. The distribution of residual stress may be
uniform or variable throughout each cutting element 312, depending on size and distribution
of diamond particle feedstock used to form the polycrystalline diamond, concentration of
diamond and catalyst, use of other additives and filler materials, etc. For example, residual
stresses in a single cutting element 312 may increase or decrease uniformly as radial distance
from a central axis of the cutting element 312 increases, or residual stress may vary between
locations at the same radial distance from the central axis. Similarly, residual stresses may be
constant or varying along lines parallel to a longitudinal axis of the cutting element 312.
Removing material from the cutting element 312 by machining a planar surface may result in
a modified stress distribution with higher and/or undesirable residual stresses in some
regions. Such modified residual stresses may lead to accelerated wear or premature failure of
the cutting elements 312 by, for example, spalling, delamination of the superabrasive table
from the supporting substrate, or other failure mechanisms.

[0027] Conventionally, the planar surfaces are machined into the cutting
elements 312 after the cutting elements have been affixed to a tool, for example, the

expandable reamer blade 300. For example, machining to form the planar surfaces may take
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place afier the cutting elements have been brazed into pockets of the reamer blade 300.
Machining to form the planar surfaces may include, for example, grinding or milling, The
cutting elements may be milled or ground until sufficient material has been removed to
achieve the desired outside cutting diameter of the expandable reamer 100 (FIG.1) with
reamer blades 300 in an expanded position, and the desired borehole wall smoothness.

[0028] In some aspects of the present disclosure, the need for machining such
planar surfaces to create a linear edge may be reduced or eliminated by altering the
orientation of the cutting face of the at least one cutting element 312 disposed in the gage
portion 302 of the expandable reamer blade 300.

[0029] For example, the orientation of the at least one cutting element 312 with
respect to the blade 300 may be characterized at least partially by a cutting face back rake
angle. FIG. 4 shows a cross-sectional view of a cutting element 312 positioned on the blade
300 of an expandable reamer 100 (FIG. 1). The instantaneous rotational cutting direction
upon rotation of reamer 100 is represented by the directional arrow 431. The cutting
element 312 may be mounted on the blade 300 in an orientation such that a cutting face 432
of the cutting element 312 is oriented at a back rake angle 434 with respect to a line 440. The
line 440 may be defined as a line that extends (in the plane of FIG. 4) radially outward from
an outer surface 414 of the blade 300 in a direction substantially perpendicular thereto at that
location. Additionally or alternatively, the line 440 may be defined as a line that extends (in
the plane of FIG. 4) radially outward from the outer surface 414 of the reamer blade 300 in a
direction substantially perpendicular to the cutting direction as indicated by directional
arrow 431. The back rake angle 434 may be measured relative to the line 440, positive angles
being measured in the counter-clockwise direction, negative angles being measured in the
clockwise direction.

[0030] With reference again to FIG. 3 and to FIG. 5, the gage portion 302 of the
blade 300 of the expandable reamer 100 (FIG. 1) may include a plurality of cutting elements
312, for example, cylindrical PDCs, each of the plurality of cutting elements 312 exhibiting a
cutting face back rake angle 434 (FIG. 4). The plurality of cutting elements 312 may be
arranged in a single row, a double row as shown in FIG. 5, or other arrangements. The back
rake angle of each cutting element 312 of the plurality of cutting elements 312 disposed on
the gage portion 302 may be about 35° or more and less than about 75°. The back rake angles
434 of each of the plurality of cutting elements 312 disposed on the gage portion 302 may be
substantially uniform (i.e., each of the plurality of cutting elements 312 disposed on the gage

portion 302 may exhibit substantially the same back rake angle 434). For example, in one
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aspect of the disclosure, each of the plurality of cutting elements 312 disposed on the gage
portion 302 may exhibit a back rake angle ot about 60°.

[0031] In other aspects of the disclosure, each of the plurality of cutting elements
312 disposed on the gage portion 302 may include a different cutting face back rake angle
434. For example, the back rake angle of each of the plurality of cutting elements 312
disposed on the gage portion 302 may progressively increase from angles of about 35° near a
distal end 504 of the gage portion 302 to about 75° near a proximal end 506 of the gage
portion 302. Alternatively or additionally, the cutting face back rake angles of the plurality of
cutting elements 312 disposed on the gage portion 302 may vary between discrete areas of
the gage portion 302. For example, an area of the gage portion 302 between the distal end
504 and a midpoint of the gage portion 302 may include cutting elements with back rake
angles of around 50°. Another area of the gage portion 302 between the midpoint and the
proximal end 506 may include cutting elements with back rake angles of around 70°.
Furthermore, the back rake angle 434 of cach of the plurality of cutting elements 312 may
vary between rows. For example, the cutting elements 312 disposed in a first row 500 of the
gage portion 302 may include a first back rake angle, and the cutting elements 312 disposed
in a second row 502 of the gage portion 302 may include a second, greater back rake angle.
Alternatively, the back rake angles of cutting faces in both rows 500 and 502 may be
substantially the same.

[0032] As back rake angle 434 (FIG. 4) of the cutting elements disposed on the
gage portion 302 is increased, a contact area between the plurality of cutting elements 312
and the formation being cut may be reduced. Reducing the contact area between the plurality
of cutting elements 312 and the formation may reduce the force required to move the
plurality of cutting elements 312 through the formation as they engage the formation, thereby
reducing the torque required to rotate the expandable reamer 100 and reactive torque
experienced by the expandable reamer 100. Furthermore, a reduction in contact area between
the plurality of cutting elements 312 and the formation reduces or eliminates the need for
machining a linear edge into the cutting elements (i.e., tip grinding).

[0033] In addition to altering back rake angle 434, the need for tip grinding may
also be reduced by varying the exposure of the plurality of cutting elements 312 disposed on
the gage portion 302. Referring again to FIG. 4, the exposure of the cutting element 312 may
be defined as a portion of the cutting face 432 that is exposed above the surface 414 of the
blade 300 (FIG. 4). As shown in FIG. 4, a cutting element 312 affixed to reamer blade 300

may be oriented so that a portion of the cutting face 432 is located below the surface 414 of
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the blade 300. In one aspect of the disclosure, the cutting edge 436 of cutting element 312

may have an exposure of as much as one and a half (1.5) a radius of the cutting face 432 (i.e.,
the cutting element extends above the surface 414 of the blade 300 a distance greater than a
radius of the cutting face 432), as shown in FIG. 4. In other aspects of the disclosure, the
exposure of the cutting edge 436 of cutting element 312 may be about equal to the radius of
the cutting face 432, or may be less than the radius of the cutting face 432. As the exposure of
the cutting edge 436 of the cutting face 432 of the cutting element 312 decreases, contact area
of the cutting element 312 with the formation also decreases. An exposure approximately
equal to the radius of the cutting face 432, with an appropriate back rake of, for example, 60°,
may provide a relatively small contact area with the formation for a given reamer diameter
and reduce (e.g., eliminate) the need for tip grinding. In one aspect of the disclosure, a gage
portion 302 of a reamer blade 300 (FIG. 5) includes a plurality of gage cutting elements 312
having a cutting edge 436 exposure of between (.5 and 1.5 times the radius of the cutting
clement cutting face 432, and a back rake angle of between about 35° and about 70°. Each of
the plurality of gage cutting elements 312 may include a different exposure, and the exposure
of the plurality of gage cutting elements 312 may progressively decrease or increase along the
gage portion 302 from the distal end 504 to the proximal end 506 (FIG. 5) or between the
first and second rows 500 and 502 of the gage portion 302.

[0034] Additional, non-limiting embodiments within the scope of the present
disclosure include, but are not limited to:

[0035] Embodiment 1: A downhole tool configured to enlarge a borehole,
comprising at least one blade extending laterally from a central portion of the tool, the at least
one blade comprising a gage portion, andcutting elements having substantially circular
cutting faces affixed to the at least one blade, each of the cutting elements comprising &
cutting edge for contacting the borehole, wherein cutting edges of at least one cutting element
located on the gage portion are defined substantially by an arcuate portion of a cutting face
periphery, the at least one cutting element located on the gage portion exhibiting a cutting
face back rake angle greater than a back rake angle of cutting faces of cutting elements on at
least one other portion of the at least one blade.

[0036] Embodiment 2: The downhole tool of embodiment 1, wherein the at least

one cutting element exhibits a cutting face back rake angle of greater than about thirty-five

(35) degrees.
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[0037] Embodiment 3: The downhole tool of embodiments 1 or 2, wherein the at
least one cutting element exhibits a cutting face back rake angle of less than about
seventy-five (75) degrees.

[0038] Embodiment 4: The downhole tool of any one of embodiments 1 through 3,
wherein the at least one cutting element located on the gage portion comprises a plurality of
cutting elements, a cutting face of each cutting element exhibiting a different back rake angle,
and wherein cutting face back rake angles of the plurality of cutting elements progressively
increase from a distal end to a proximal end of the gage portion of the at least one blade.

[0039] Embodiment 5: The downhole tool of embodiment 4, wherein the cutting
face back rake angles of the plurality of cutting elements progressively increase from about
thirty-five (35) degrees to about seventy-five (75) degrees.

[0040] Embodiment 6: The downhole tool of any one of embodiments 1 through 3,
wherein the at least one cutting element located on the gage portion comprises a plurality of
cutting elements, each cutting element of the plurality of cutting elements exhibiting
substantially the same back rake angle.

(0041] Embodiment 7: The downhole tool of embodiment 6, wherein a cutting face
of each cutting element of the plurality of cutting elements exhibits a back rake angle of
about fifty-five (§5) degrees.

[0042] Embodiment 8: The downhole tool of any one of embodiments 1 through 7,
wherein the cutting edge of the at least one cutting element extends above a surface of the at
least one blade a distance about equal to or less than one and a half (1.5) times a radius of the
cutting face of the at least one cutting element.

[0043] Embodiment 9: The downhole tool of embodiment 8, wherein the cutting
edge of the at least one cutting element extends above the surface of the at least one blade a
distance about equal to or less than the radius of the cutting face of the at least one cutting
clement.

[0044] Embodiment 10: The downhole tool of embodiment 8, wherein the cutting
edge of the at least one cutting element extends above the surface of the at least one blade a
distance about equal to or less than half (0.5 times) the radius of the at least one cutting
element.

[0045] Embodiment 11: The downhole tool of any one of embodiments 1 through
10, wherein the downhole tool comprises an expandable reamer.

(0046] Embodiment 12: The downhole tool of embodiment 1 through 11, wherein

the downhole tool comprises a fixed-wing reamer.
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[0047] Embodiment 13: A reamer blade, comprising a gage portion, and cutting
elements having substantially circular cutting faces affixed to the at least one blade, each of
the cutting elements comprising a cutting edge {for contacting the borehole, wherein cutting
edges of at least one cutting element located on the gage portion are defined substantially by
an arcuate portion of a cutting face periphery, the at least one cutting element located on the
gage portion exhibiting a cutting face back rake angle greater than a back rake angle of
cutting faces of cutting elements on at least one other portion of the at least one blade.

[0048] Embodiment 14: The reamer blade of embodiment 13, wherein the at least
one cutting element exhibits a cutting face back rake angle of greater than about thirty-five
(35) degrees.

[0049] Embodiment 15: The reamer blade of embodiments 13 or 14, wherein the at
least one cutting element exhibits a cutting face back rake angle of less than about
seventy-five (75) degrees.

[0050] Embodiment 16: The reamer blade of any one of embodiments 13 through
15, wherein the at least one cutting element located on the gage portion comprises a plurality
of cutting elements, a cutting face of each cutting element exhibiting a difterent back rake
angle, and wherein cutting face back rake angles of the plurality of cutting elements
progressively increase from a distal end to a proximal end of the gage portion of the at least
one blade.

[0051] Embodiment 17: The reamer blade of embodiment 16, wherein the cutting
face back rake angles of the plurality of cutting elements progressively increase from about
thirty-tive (35) degrees to @;about seventy-five (75) degrees.

[0052] Embodiment 18: The reamer blade of embodiments 16 or 17, wherein the at
least one cutting element located on the gage portion comprises a plurality of cutting
elements, each cutting element of the plurality of cutting elements exhibiting substantially the
same back rake angle.

[0053] Embodiment 19: The reamer blade of any one of embodiments 13 through
18, wherein the cutting edge of the at least one cutting element extends above a surface of the
at least one blade a distance about equal to or less than a radius of the cutting face of the at
least one cutting element.

[0054] Embodiment 20: The reamer blade of embodiment 19, wherein the cutting
edge of the at least one cutting element extends above the surface of the at least one blade a

distance about equal to or less than half (0.5 times) the radius of the at least one cutting

element.
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[0055] While certain illustrative embodiments have been described in connection
with the figures, those of ordinary skill in the art will recognize and appreciate that the scope
of this disclosure is not limited to those embodiments explicitly shown and described herein.
Rather, many additions, deletions, and modifications to the embodiments described herein
may be made to produce embodiments within the scope of this disclosure, such as those
hereinafter claimed, including legal equivalents. In addition, features from one disclosed
embodiment may be combined with features of another disclosed embodiment while still

being within the scope of this disclosure, as contemplated by the inventors.
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What is claimed is:

1. A downhole tool configured to enlarge a borehole, comprising:

at least one blade extending laterally from a central portion of the tool, the at least one
blade comprising a gage portion; and

cutting elements having substantially circular cutting faces affixed to the at least one
blade, each of the cutting elements comprising a cutting edge for contacting the borehole,
wherein a cutting edge of at least one cutting element located on the gage portion is defined
substantially by an arcuate portion of a cutting face periphery, the at least one cutting element
located on the gage portion exhibiting a cutting face back rake angle greater than a back rake
angle of cutting faces of cutting elements on at least one other portion of the at least one blade,
and wherein the cutting edge of the at least one cutting element located on the gage portion
extends above a surface of the at least one blade by a distance less than a radius of the cutting

face of thc at least one cutting element.

2. The downhole tool of claim 1, wherein the at least one cutting element exhibits a

cutting face back rake angle of greater than about thirty-five (35) degrees.

3. The downhole tool of claim 1, wherein the at least one cutting element exhibits a

cutting face back rake angle of less than about seventy-five (75) degrees.

4, The downbhole tool of claim 1, wherein the at least one cutting element located on the
gage portion comprises a plurality of cutting elements, a cutting face of each cutting element
exhibiting a different back rake angle, and wherein cutting face back rake angles of the plurality

of cutting elements progressively increase from a distal end to a proximal end of the gage

portion of the at least one blade.

3. The downhole tool of claim 4, wherein the cutting face back rake angles of the plurality
of cutting elements progressively increase from about thirty-five (35) degrees to about

seventy-five (75) degrees.

. The downhole tool of claim 1, wherein the at least one cutting element located on the

gage portion comprises a plurality of cutting elements, each cutting element of the plurality of

cutting elements exhibiting substantially the same back rake angle.

15
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7. The downhole tool of claim 6, wherein a cutting facc of each cutting element of the

plurality of cutting elements exhibits a back rake angle of about sixty (60) degrees.

8. The downhole tool of any one of claims 1 to 7, wherein the cutting edge of the at least
one cutting element located on the gage portion extends above the surface of the at least one
blade by a distance about equal to or less than half (0.5 times) the radius of the at least one

cutting element.

9. The downhole 100l of any one of claims 1 to 8, wherein the downhole tool comprises an

expandable reamer.

10. The downhole tool of any one of claims 1 to 8, wherein the downhole tool c'omprises a

fixed-wing reamer.

1. The downhole tool of any one of claims 1 to 3, wherein the at least onc cutting element
located on the gage portion comprises a plurality of cutting elements located on the gage portion,
and wherem a cutting edge of each cutting element of the plurality of cutting elements extends

above the surface of the at least one blade by a different distance.

12, A reamer blade, comprising:

a gage portion; and

cutting elements having substantially circular cutting faces affixed to the reamer blade,
each of the cutting elements comprising a cutting edge for contacting a borehole, wherein a
cutting edge of at least one cutting clement located on the gage portion is defined substantially
by an arcuate portion of a cutting face periphery, the at least one cutting element located on the
gage portion exhibiting a cutting face back rake angle grecater than a back rake angle of cutting
faces of cutting elements on at least one other portion of the reamer blade, and wherein the
cutting edge of the at least one cutting element located on the gage portion extends above a
surface ot the rcamer blade by a distance less than a radius of the cutting face of the at least one

cutting element.

13. The reamer blade of claim 12, wherein the at least one cutting element exhibits a cutting

tace back rake angle of greater than about thirty-five (35) degrees.

16

CA 2923564 2017-08-10



14. Lhe reamer blade of claim 12, wherein the at least onc cutting element exhibits a cutting

face back rake angle of less than about seventy-five (75) degrees.

19. The reamer blade of claim 12, wherein the at least one cutting element located on the
gage portion comprises a plurality of cutting elements, a cutting face of each cutting element
exhibiting a different back rake angle, and wherein cutting face back rake angles of the plurality
of cutting elements progressively increase from a distal cnd to a proximal end of the gage

portion of the reamer blade.

16. The reamer blade of claim 15, wherein the cutting face back rake angles of the plurality
of cutting elements progressively increase from about thirty-five (35) degrees to about

seventy-five (75) degrees.

17. The reamer blade of claim 12, wherein the at least one cutting element located on the
gage portion comprises a plurality of cutting elements, each cutting element of the plurality of

cutting elements exhibiting substantially the same back rake angle.

18. The reamer blade of claim 17, wherein a cutting face of each cutting element of the

plurality of cutting elements exhibits a back rake angle of about sixty (60) degrees.

19. The reamer blade of any one of claims 12 to 18, wherein the cutting edge of the at least
one cutting element located on the gage portion extends above the surface of the reamer blade by
a distance about equal to or less than half (0.5 times) the radius of the at least one cutting

element.

20. The reamer blade of any one of claims 12 to 14, wherein the at least one cutting element
located on the gage portion comprises a plurality of cutting elements located on the gage portion,
and wherein a cutting edge of each cutting element of the plurality of cutting elements extends

above the surface of the reamer blade by a different distance.
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