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(57) Abstract: Earth-boring tools comprise a body comprising at least one pocket extending into the body. A first discrete cutting
element segment is secured within the at least one pocket. At least another discrete cutting element segment is secured within the a
least one pocket. Methods of forming a cutting structure secured to an earth-boring tool comprise disposing at least one discrete cut -
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the pocket or recess. The at least one discrete cutting element or at least one discrete cutting element segment and the & least one
discrete wearable element or at least another discrete cutting element segment are secured to the blade within the pocket or recess.
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TITLE

CUTTING STRUCTURES, EARTH-BORING TOOLSINCLUDING
SUCH CUTTING STRUCTURES,AND RELATED METHODS

PRIORITY CLAIM
[0001] This application claimsthe benefit of U.S. Patent Application Seria
No. 13/312,576 filed December 6, 201 1, pending, entitled "CUTTING STRUCTURES,
EARTH BORING TOOLS INCLUDING SUCH CUTTING STRUCTURES, AND RELATED
METHODS."

FIELD
[0002] Embodiments of the disclosure relate generally to cutting structures for
earth-boring tools and methods of forming cutting structures for earth-boring tools.
Specifically, disclosed embodiments relate to cutting structures formed of discrete cutting

element segments or of discrete cutting elements and discrete wearable elements.

BACKGROUND

[0003] Earth-boring tools for forming wellbores in subterranean earth formations
may include a plurality of cutting elements secured to abody include, such as, for example,
fixed-cutter earth-boring rotary drill bits (also referred to as "drag bits"). Such fixed-cutter
bits include a plurality of cutting elements that are fixedly attached to a bit body of the drill
bit, conventionally in pockets formed in blades and other exterior portions of the bit body.
Other earth-boring tools may include rolling cone earth-boring drill bits, which include a
plurality of roller cones attached to bearing pins on legs depending from a bit body. The
roller cones may include cutting elements (sometimes called "teeth") milled or otherwise
formed on the roller cones, which may include hardfacing on the outer surfaces of the cutting
elements, or the roller cones may include cutting elements (sometimes called "inserts")
attached to the roller cones, conventionally in pockets formed in the roller cones.

[0004] The cutting elements may be placed in the pockets in a variety of ways. For
example, cutting elements may be front-loaded or top-loaded into the pockets. U.S. Patent
Application Pub. No. 2008/0223622, published September 18, 2008, to Duggan et al., the
disclosure of which is hereby incorporated herein by reference, discloses placing cutting
elements in pockets by top-loading. Briefly, a cutting element top-loaded into a pocket may
be disposed over the pocket and lowered into the pocket, similar to the way bread may be
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lowered into atoaster. Typically, top-loading requires that the uppermost portion of the
pocket be as large as, or larger than, the cutting element to permit the cutting element to enter
the pocket from above. U.S. Patent No. 5,333,699, issued August 2, 1994, to Thigpen et al.,
the disclosure of which is incorporated herein in its entirety by this reference, discloses
placing cutting elements in pockets by front-loading. Briefly, a cutting element front-loaded
into a pocket may be aligned with arotationally leading opening of the pocket and did into
the pocket, similar to the way a bullet may be did into the chamber of a conventional
revolver. Frequently, front-loading involvesaligning acentral axis of acylindrical cutting
element with a central axis of a complementarily cylindrical pocket and diding the cutting
element into the pocket.

[0005] Front-loading cutting elements may be difficult or impossible in some
configurations, such as, for example, where a distance between two rotationally adjacent
blades is smaller than the overall thickness of the cutting elements and the angle at which the
cutting elements are inserted into the pockets does not permit the cutting elementsto clear
rotationally leading blades while being inserted into the pockets of rotationally following
blades. In other words, narrow junk slots between adjacent blades may not permit cutting
elements to enter thejunk dots for front-loading into pockets that have openings into those
junk dots. Insuch situations, cutting elements having areatively small thickness or large
back rake angles may be used to permit the cutting elements to be front-loaded. However,
such approaches may shorten the useful life of the cutting elements in the first instance dueto
the relatively small volume of cutting element material or, in the second instance reduce the
rate of penetration because of the relatively passive engagement of the cutting elements with

the earth formation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] While the specification concludes with claims particularly pointing out and
distinctly claiming what are regarded as embodiments of the present invention, various
features and advantages of example embodiments may be more readily ascertained from the
following description when read in conjunction with the accompanying drawings, in which:

[0007] FIG. lisaschematic showing acts in aprocess of forming acutting
structure secured to an earth-boring tool;

[0008] FIG. 2 isa perspective view of an earth-boring drill bit;

[0009] FIG. 3isa perspective view of a portion of the drill bit of FIG. 1during

insertion of components of a cutting structure;
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[0010]] FIG..4iisasidecross-sectionaljview: of ‘g blade of thedrilljbit;of FIG., 1after
formation, of the:cutting: structure;,

[00L1} FIG. 5isasidecross-sectionalview:of g bladeof ‘adrillibiticomprising;
another-embodiment:of ‘a cutting;structure;;

[0012]; FIG. 6 isaside cross-sectionalview:of g blade of ‘adrillibit:comprising;yet:
another-embodiment;of ‘a,cutting; structure;

[0013]} FIG. 7'isaschematic, showing; acts in,another-embodiment;of ‘a process;of
forming;a cutting: structure: secured;tosan, earth-boring: tool ;;

[0014]} FIG. 8 isa perspective view of another-embodiment:of an, earth-boring; drill;
bit;

[0015]] FIG. 9 is;a perspective view of ‘a portion, of a blade of the drillibit.of FIG. 8
during; insertion, of components. of the cutting: structure;;

[0016]} FIG. A isa profilecross-sectional view:of ‘a blade of the.drill] bit of FIG. 8
after-formation of ‘the cutting; structure;,

[0017]} FIG. 10B:isa profile cross-sectional| view:of the blade of the drill] bit of
FIG. 10A after-drilling: with the cutting structure;;

[0018]; FIG. 1lisa perspectiveview of a portion of a blade of ‘a drill| bit-comprising;
another-embodiment: of ‘a cutting structure; and;

[0019]) FIG. 12 isa perspective view of a portion a blade of ‘a drill| bit comprising,

yet: another-embodiment: of ‘a cutting structure.,

DETAILED DESCRIPTION

[0020] The illustrations presented herein are not meant to be actual views of ‘any
particular cutting element, earth-boring tool, or component thereof, but are merely idealized
representations that are employed to describe example embodiments. Thus, the drawings are
not necessarily to scale and relative dimensions may have been exaggerated or understated
forthe sake of clarity. Additionally, elements common between figures may retain the same
or similar numerical designation.,

[0021] Disclosed embodimentsrelate to cutting structures formed of discrete cutting
element segments or of discrete cutting elements and discrete wearable elements. In some
embodiments, discrete cutting element segments having a thickness less than a distance
between rotationallly adjacent blades may be inserted into a pocket to form a cutting structure
having an overall thickness greater than the distance between rotationally adjacent blades.
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[0022] Theterms "earth-boring tool" and "earth-boring drill bit," as used herein,
mean and include any type of bit or tool used for drilling during the formation or enlargement
of awellbore in a subterranean formation and include, for example, fixed-cutter bits, rolling
cone bits, impregnated bits, core bits, eccentric bits, bicenter bits, hybrid bits as well as
reamers, mills, and other drilling bits and tools known in the art.

[0023] Asused herein, the term "polycrystalline material” means and includes any
structure comprising aplurality of grains (i.e., crystals) of material (e.g., superhard material)
that are bonded directly together by inter-granular bonds. The crystal structures of the
individual grains of the material may be randomly oriented in space within the polycrystalline
material.

[0024] Asused herein, the terms "inter-granular bond" and "interbonded” mean and
include any direct atomic bond (e.g., covalent, metallic, etc.) between atoms in adjacent
grains of superabrasive material.

[0025] Asused herein, the term "superhard material” means and includes any
material having a Knoop hardness value of about 3,000 K gj/rnm?2 (29,420 MPa) or more.
Superhard materials include, for example, diamond and cubic boron nitride. Superhard
materials may also be characterized as"superabrasive” materials.

[0026] Asused herein, the term "tungsten carbide” means and includesany material
composition that contains chemical compounds of tungsten and carbon, such as, for example,
WC, W,C, and combinations of WC and W,C. Tungsten carbide includes, for example, cast
tungsten carbide, sintered tungsten carbide, and macrocrystalline tungsten carbide.

[0027] Asused herein, the term "diamond” means and includes any material
composition that contains an allotrope of carbon wherein the carbon atoms are arranged in a
diamond lattice structure. Diamond includes, for example, natural and synthetic diamonds
and polycrystalline and monocrystalline diamond.

[0028] FIG. lisa schematic showing acts in aprocess of forming acutting
structure secured to an earth-boring tool. Asreflected at 10, afirst discrete cutting element
segment may be disposed (e.g., front-loaded) into a pocket extending into abody. Asshown
at 12, at least another discrete cutting element segment may be disposed (e.g., front-loaded)
into the pocket. Asdepicted at 14, the first discrete cutting element segment and the at least
another cutting element segment may be secured to the body within the pocket to form a
cutting structure. Such acts, in addition to other actsthat may be performed when forming a
cutting structure secured to an earth-boring tool, are described in more detail with reference

to the following drawings.
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[0029] Referringto FIG. 2, a perspective view of an earth-boring drill bit 16 is
shown. The earth-boring drill bit 16 includesa bit body 18 having a face 20 at aleading end
of the earth-boring drill bit 16 and a longitudinal axis 22 (e.g., an axis of rotation, an axis of
rotational symmetry, or an axis along a geometric center) extending through the bit body 18.
Blades 24 may extend longitudinally downward from the face 20 and radially outward over
the face 20. In other words, the blades 24 may comprise protrusions from the face 20 that
extend outward, like spokes of awheel, over the face 20. The blades 24 may extend
longitudinally upward away from the face 20 to a gage region 26, which may definean
outermost diameter of the earth-boring drill bit 16. Junk slots 28 may be formed by the
spaces defined between adjacent blades 24, and cuttings may be carried away from the face
20 through thejunk slots 28 as the earth-boring drill bit 16 is rotated in a borehole. Though
the earth-boring drill bit 16 is shown as having six blades 24, any number of blades 24 having
any thickness may extend from the face 20, and the angular distance between rotationally
adjacent blades 24 may vary accordingly. Specifically, asthe number of blades 24 is
increased and as the thickness of the blades 24 isincreased (i.e., the angular distance
occupied by the structure of a single blade 24), thejunk slots 28 may be correspondingly
narrower. Cutting structures 30 may be fixedly attached to the blades 24. More specifically,
the cutting structures 30 may be secured within pockets 32 formed in the blades24. The
cutting structures 30 may be configured to engage and remove an underlying earth formation
primarily through a shearing or scraping cutting mechanism.

[0030] Referringto FIG. 3, aportion of thedrill bit 16 of FIG. 1during insertion of
components of acutting structure 30 is shown. Prior to insertion of the cutting structure 30,
the pockets 32 may be formed in the body of the blade 24. The pockets 32 may be
configured to receive a cutting structure 30 by front-loading. Specificaly, the pockets 32
may extend into the body of the blade 24 from arotationally leading surface 34 of the blade
24. The pockets 32 may also extend into the body of the blade 24 from a formation-facing
surface 36 of the blade 24. When it is said that the surface 36 is formation-facing, it is meant
that the surface 36 faces the underlying earth formation when the earth-boring drill bit 16 is
disposed in a borehole, though the formation-facing surface 36 may face away from the earth
when the earth-boring drill bit 16 is not located in aborehole. Thus, the rotationally leading
surface 34 and the formation-facing surface 36 of the blade 24 may be intermittently
interrupted by openings into the pockets 32 extending into the blades 24. The pockets 32
may be configured to receive an at least substantially cylindrical structure, and may comprise

cylindrical cavities intersected by the rotationally leading surface 34 and the formation-facing
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surface 36 to truncate the otherwise cylindrical shape of the pockets 32. Such a pocket 32
may be configured to receive greater than half of a volume of a cutting structure 30 in the
pocket 32 in some embodiments. For example, a cross-sectiona shape of the pocket 32 at the
rotationally leading surface 34 may form a partia circle greater than half of acircle; in other
words an arc of greater than 180°. In such embodiments, top-loading of a cutting structure 30
into the pocket 32 may be difficult or impossible because the diameter of the cutting structure
30 may be greater than an opening of the pocket at the formation-facing surface 36. Thus,
the pocket 32 may be configured to receive acutting structure 30 only by front-loading (i.e.,
moving in adirection perpendicular to the rotationally leading surface 34) in some
embodiments. In other embodiments, the pocket 32 may be configured to receive a cutting
structure by front-loading and by top-loading. For example, a cross-sectional shape of the
pocket 32 at the rotationally leading surface 34 may be a half-circle or lessthan half of a
circle, which may enable a cutting structure to pass into the pocket 32 by moving in a
direction perpendicular to the formation-facing surface 36.

[0031] The pockets 32 may be formed using conventional processes. For example,
pockets 32 may be machined into the blades 24, as disclosed in U.S. Patent No. 5,333,699,
issued August 2, 1994, to Thigpen et al., and as disclosed in U.S. Patent Application Pub.

No. 2008/0223622, published September 18, 2008, to Duggan et ah, the disclosure of each of
which is incorporated herein in itsentirety by this reference. Inaddition or in the aternative,
pockets 32 may be formed during formation of the bit body 18, such as, for example, by
placing displacements (e.g., cylindrical displacements) at locations for the pockets 32 ina
mbld, forming the bit body 18 and the blades 24 in the mold around the displacements, and
removing the displacements, asdisclosed in U.S. Patent No. 7,841,259, issued November 30,
2010, to Smith et al., the disclosure of which isincorporated herein in itsentirety by this
reference.

[0032] A first discrete cutting element segment 38 may be disposed in the pocket
32. For example, the first discrete cutting element segment 38 may be front-loaded into the
pocket 32. A second discrete cutting element segment 40 may be disposed in the pocket with
the first discrete cutting element segment 38. For example, the second discrete cutting
element segment 40 may be front-loaded into the pocket 32 after the first discrete cutting
element segment 38. Front-loading may comprise aigning a central axis of a generally
cylindrical discrete cutting element segment (e.g., second discrete cutting element segment
40) with acentral axis of a correspondingly generally cylindrical pocket 32 and dliding the

discrete cutting element segment into the pocket by moving the discrete cutting element
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segment in a direction opposing a direction of intended rotation of the earth-boring drill bit
16, asindicated by the arrow in FIG. 3. Accordingly, the first discrete cutting element
segment 38 may directly follow the second discrete cutting element segment 40 within the
pocket in adirection of intended rotation. Together, the first and second discrete cutting
element segments 38 and 40 may form a complete cutting structure 30 in some embodiments.
In other embodiments, additional cutting element segments may be included in acomplete
cutting structure. For example, a complete cutting structure may include two, three, four,
five, or even more cutting element segments.

[0033] The first discrete cutting element segment 38 may have afirst thickness//.
The second discrete cutting element segment 40 may have a second thickness ¢;. The first
thickness /, may be equal to the second thicknesst; in some embodiments. In other
embodiments, the first thickness ¢; of the first discrete cutting element segment 38 may be
different from (e.g., greater than or lessthan) the second thickness t, of the second discrete
cutting element segment 40. A distance (/between rotationally adjacent blades 24 may be
less than the combined thicknesses ¢; and ¢, of the first and second discrete cutting element
segments 38 and 40 in some embodiments. In other words, a width of thejunk slot 28 may
be lessthan athickness of the complete cutting structure 30. Therefore, it may be impossible
to front-load a pre-assembled cutting structure 30 into the pocket 32 in such embodiments.
Taken individually, however, each of the first and second thicknesses { and ¢ of the first and
second discrete cutting element segments 38 and 40 may be lessthan the distance d. In other
embodiments, the combined first and second thicknesses 2 and ¢, of the first and second
discrete cutting element segments 38 and 40 may be less than the distance d between
rotationally adjacent blades 24. In other words, the thickness of the complete cutting
structure 30 may be lessthan the width of thejunk slot 28.

[0034] Referring to FIG. 4, aside cross-sectiona view of the portion of the drill bit
10 of FIG. 3 after formation of the cutting structure 30 is shown. The first and second
discrete cutting element segments 38 and 40 may be secured to the blade 24 within the pocket
32 to form the complete cutting structure 30. For example, the first and second discrete
cutting element segments 38 and 40 may be brazed, welded, or adhesively bonded within the
pocket 32 in some embodiments. The bonding material employed may, of course, depend on
the heat sensitivity of the materials of cutting element segments 38 and 40. In such
embodiments, the first and second discrete cutting element segments 38 and 40 may only be
secured to one another by a braze 42, weld, or adhesive. Therefore, when it is said that the

first and second cutting element segments 38 and 40 are discrete, it is meant that the first and
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second cutting element segments 38 and 40 are not physically connected to one another prior
to placement in the pocket 32. In addition, though the first discrete cutting element segment
38 has been described as directly rotationally following the second discrete cutting element
segment 40 and is depicted having arotationally leading surface abutting a rotationally
trailing surface of the second discrete cutting element segment 40 a an interface, residua
amounts of the braze 42, weld, or adhesive material may be interposed between the first and
second discrete cutting element segments 38 and 40. Of course, a brazefoil or an adhesive
may be disposed between cutting element segments 38 and 40, if desired. In other
embodiments, the first and second discrete cutting element segments 38 and 40 may be
secured within the pocket 32 using mechanical interference. For example, the first and
second discrete cutting element segments 38 and 40 may be secured within the pocket 32
using an interference fit, a shrink fit, or using a pinned connection. In such embodiments, the
first and second discrete cutting element segments 38 and 40 may not be physically secured
to one another, except through their attachment to the blade 24.

[0035] The cutting structure 30 may be exposed above the formation-facing surface
36 of the blade 24 in some embodiments, asshown in FIG. 4. In other embodiments, a
cutting structure may be flush with or embedded under the formation-facing surface 36 of a
blade 24. A cutting face 44 of the cutting structure 30 may be flush with the rotationally
leading surface 34 of the blade 24 to which the cutting structure 30 is secured in some
embodiments, as shown in FIG. 4. In other words, the cutting structure 30 may have a
neutral or 0° back rake angle and a neutral or 0° side rake angle. In other embodiments, the
cutting face of a cutting structure may rotationally lead the rotationally leading surface 34 of
a blade 24 to which the cutting structure is secured or may rotationally follow (i.e., be
recessed within) the rotationally leading surface 34 of a blade 24 to which the cutting
structure is secured. In addition, the cutting face of a cutting structure may be disposed at an
oblique angle with respect to the rotationally leading surface 34 of ablade 24 to which it is
attached. In other words, the cutting structure may be disposed at a positive or negative back
and/or side rake angle. Still further, the cutting face of a cutting structure may not be planar
in some embodiments, such as, for example, those cutting faces disclosed in U.S. Patent
Application Pub. No. 2010/0307829, published December 9, 2010, to Patel, the disclosure of
which is incorporated herein in itsentirety by this reference.

[0036] The first and second discrete cutting element segments 38 and 40 may
comprise materials suitable for use in engaging an earth formation. For example, the first and

second discrete cutting element segments 38 and 40 may comprise a diamond-impregnated
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material, a polycrystalline superhard material, and atungsten carbide particle-matrix
composite material. More specifically, the first and second discrete cutting element segments
38 and 40 may be composed of a ceramic-metallic particle-matrix composite materia (£«., a
cermet), such as, for example, a cobalt-cemented tungsten carbide, having diamond particles
impregnated (i.e., interspersed) among the cermet material. Asa specific, nonlimiting
example, the first and second cutting element segments 38 and 40 may have the same
material composition, as shown in FIG. 4. In other embodiments, cutting element segments
within the same cutting structure may have different material compositions.

[0037] Referring to FIG. 5, aside cross-sectional view of a blade 24 of adrill bit 16
comprising another embodiment of acutting structure 30" is shown. The cutting structure 30'
includes a first discrete cutting element segment 38, a second discrete cutting element
segment 40, and a third discrete cutting element segment 46. Each of the first, second, and
third discrete cutting element segments 38, 40, and 46 is secured to the blade 24 within the
pocket 32 using abraze 42. The first discrete cutting element segment 38 directly
rotationally followsthe second discrete cutting element segment 40, and the second discrete
cutting element segment 40 directly rotationally followsthe third discrete cutting element
segment 46. The cutting face 44 of the cutting structure 30" may rotationally lead the
rotationally leading surface 34 of the blade 24 to which the cutting structure 30' is attached.
In addition, the cutting face 44 may be oriented at a negative back rake angle. The combined
thicknessest,, t,, and t, of the first, second, and third discrete cutting element segments 38,
40, and 46 may be greater than the distance d between rotationally adjacent blades 24, though
the individual thicknesses t,, t,, and t; of the first, second, and third discrete cutting element
segments 38, 40, and 46 may be less than the distance d between rotationally adjacent blades
24.

[0038] At least one of the discrete cutting element segments 38, 40, and 46 may
have adifferent material composition from at least another of the discrete cutting element
segments 38, 40, and 46. For example, the first and third discrete cutting element segments
38 and 46 may havethe same material composition and may comprise a
diamond-impregnated material. By contrast, the second discrete cutting element segment 40
may have a different material composition from the first and third discrete cutting element
segments 38 and 46 and may comprise, for example, a cermet material lacking any superhard
material, such as, for example, diamond. Inthisway, the discrete cutting element segments
38, 40, and 46 may enable the material composition of the cutting structure 30" to vary along
the thickness of the cutting structure 30'.
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[0039] The varying material properties of the discrete cutting element segments 38,
40, and 46 may correspond to varying material properties of an earth formation along an
intended drill path for the earth-boring drill bit 16. For example, the intended drill path may
pass through a relatively soft and abrasive formation, such as, for example, sand or shale, a
relatively hard and brittle formation, such as, for example, rock, and terminate in another
relatively soft and abrasive formation. A cutting structure 30" having a leading discrete
cutting element segment 46 that is relatively hard and abrasion-resistant, a central discrete
cutting element segment 40 that is relatively ductile and fracture-resistant, and atrailing
discrete cutting element segment 38 that is relatively hard and abrasion-resistant may be
particularly adapted to drill along such adrill path. The particular material composition of a
discrete cutting element segment 38, 40, or 46 may be selected or tailored to a particular
earth-formation composition, aswill be appreciated by those of skill in the art. In other
words, rotationally leading discrete cutting element segments40 and 46 may wear away as
different earth formations are encountered to expose rotationally following discrete cutting
element segments 38 and 40 that may be particularly adapted to engage the new earth
formation being drilled.

[0040] Interfaces between the discrete cutting element segments 38, 40, and 46 may
be non-planar in some embodiments. For example, the abutting surfaces of the discrete
cutting element segments 38, 40, and 46 may comprise complementary protrusions and
recesses. Such non-planar interfaces may increase the area of surface contact between the
discrete cutting element segments 38, 40, and 46. Therefore, an increased quantity of braze
42 materia or adhesive may flow into the interfaces and the connection between the discrete
cutting element segments 38, 40 and 46 may be strengthened due to the increased quantity of
braze 42 material securing the discrete cutting element segments 38, 40, and 46 to one
another. Further, the use of non-planar interfaces may provide greater structural integrity to
cutting structure 30" when subjected to drilling stresses in comparison to the use of planar
interfaces.

[0041] Referringto FIG. 6, aside cross-sectional view of a blade 24 of adrill bit 16
comprising yet another embodiment of a cutting structure 30" is shown. The cutting
structure 30" may comprise afirst discrete cutting element segment 38, a second discrete
cutting element segment 40, a third discrete cutting element segment 46, and a fourth discrete
cutting element segment 48. Each of the first, second, third, and fourth discrete cutting
element segments 38, 40, 46, and 48 is secured to the blade 24 within the pocket 32 using a
braze 42. The first discrete cutting element segment 38 directly rotationally followsthe



WO 2013/086072 PCT/US2012/068072
I

second discrete cutting element segment 40, the second discrete cutting element segment 40
directly rotationally follows the third discrete cutting element segment 46, and the third
discrete cutting element segment 46 directly rotationally follows the fourth discrete cutting
element segment 48.. The combined thicknessest, t,, t,, andt, of the first, second, third, and
fourth discrete cutting element segments 38, 40, 46, and 48 may be greater than the distance d
between rotationally adjacent blades 24, though the individual thicknessest,, t,, t,, and t, of
the first, second, third, and fourth discrete cutting element segments 38, 40, 46, and 48 may
be less than the distance d between rotationally adjacent blades 24.

[0042] Each of the discrete cutting element segments 38, 40, 46, and 48 may havea
different materiall composition from the others of the discrete cutting element segments 38,
40, 46, and 48. For example, the first discrete cutting element segment 38 may comprise a
cermet material lacking any superhard material, such as, for example, diamond. The second
discrete cutting element segment 40 may have a different material composition from the first
discrete cutting element segment 38 and may comprise, for example, a diamond-impregnated
material. The third discrete cutting element segment 46 may have a different material
composition from the first and second discrete cutting element segments 38 and 40 and may
comprise, for example, a diamond-impregnated material having a greater volume percentage
of diamond material than the volume percentage of diamond in the diamond-impregnated
cermet material of the second discrete cutting el ement segment 40. The fourth discrete
cutting element segment 48 may have a different material composition from the first, second,
and third discrete cutting element segments 38, 40, and 46 and may comprise, for example, a
polycrystalline superabrasive material. In other embodiments, discrete cutting element
segments may comprise a polycrystalline superabrasive table secured to a substrate, such as,
for example, a conventiona polycrystalline diamond compact (PDC) cutting element. In this
way, the discrete cutting element segments 38, 40, 46, and 48 may enable the material
composition of the cutting structure 30" to vary along the thickness of the cutting structure
30", and may enable a discrete cutting el ement segment 48 of polycrystalline diamond
material to be secured in the same pocket 32 as a discrete cutting element segment 40 or 46 of
diamond-impregnated material.

[0043] At least one of the discrete cutting element segments 38, 40, 46, or 48 may
have adiameter D, D,, D, orD, that isdifferent from adiameter D, D,, D, or D, of at least
another of the discrete cutting element segments 38, 40, 46, or 48. For example, the first
discrete cutting element segment 38 may have adiameter D, that is smaller than a diameter

D, of the second discrete cutting element segment 40. The diameter D, of the second discrete
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cutting element segment may be smaller than a diameter D of the third discrete cutting
element segment 46. The diameter D, of the third discrete cutting element segment 46 may
be the same as adiameter D,

discrete cutting element segments 46 and 48 may have the same diameters D, and D, while

of the fourth discrete cutting element segment 48. Thus, some

other discrete cutting element segments 38, 40, 46, and 48 may have different diametersD ,,
D,, D5, and D, within the same pocket 32. The diameter of the pocket 32 may vary
accordingly to accommodate the varying diameter of the cutting structure 30". In addition,
the exposure of the cutting structure 30" above the formation-feeing surface of the blade 24
to which the cutting structure 30" is secured may vary in a stepped manner dueto the
different diameters D, iD,D,, and D, of the discrete cutting element segments 38, 40, 46,
and 48 that form the cutting structure 30". Although the individual discrete cutting element
segments 38, 40, 46, and 48 are depicted as being of constant diameter, individual discrete
cutting element segments 38, 40, 46, and 48 may have a non-constant diameter in some
embodiments. For example, a discrete cutting element segment may have a tapered diameter,
which may define a frustoconical shape.

[0044] FIG. 7 isaschematic showing actsin another embodiment of a process of
forming a cutting structure secured to an earth-boring tool. Asreflected at so, & least one
discrete cutting element may be disposed within a recess located at an intersection between a
rotationally leading surface and a formation-facing surface of a blade extending
longitudinally and radially over aface of abody. Asshown a 52, at |east one discrete
wearable element may be disposed within the recess laterally adjacent the at least one discrete
cutting element. Asdepicted at 54, the at least one discrete cutting element and the at least
one discrete wearable element may be secured to the blade within the recessto form acutting
structure. Such acts, in addition to other actsthat may be performed when forming acutting
structure secured to an earth-boring tool, are described in more detail with referenceto the
following drawings.

[0045] Referring to FIG. 8, a perspective view of another embodiment of an
earth-boring drill bit 16' is shown. The earth-boring drill bit 16' includes a bit body 18
having aface 20 a a leading end of the earth-boring drill bit 16' and a longitudinal axis 22
(e.g., an axis of rotation, an axis of rotational symmetry, or an axis along ageometric center)
extending through the bit body 18. Blades 24 may extend longitudinally downward from the
face 20 and radially outward over the face 20. The blades 24 may extend longitudinally
upward away from the face 20 to a gage region 26, which may define an outermost diameter
of the earth-boring drill bit 16'. Junk slots 28 may be formed by the spaces defined between
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adjacent blades 24, and cuttings may be carried away from the face 20 through thejunk slots
28 asthe earth-boring drill bit 16" is rotated in a borehole. Though the earth-boring drill bit
16' is shown as having sixteen blades 24, any number of blades 24 having any thickness may
extend from the face 20, and the angular distance between rotationally adjacent blades 24
may vary accordingly. Cutting structures 30" may be fixedly attached to the blades 24.

More specifically, the cutting structures 30" may be secured within recesses 56 formed in the
blades 24. The cutting structures 30™ may be configured to engage and remove an
underlying earth formation primarily through a shearing or scraping cutting mechanism.

[0046] Referring to FIG. 9, aportion of a blade of the drill bit of FIG. 8 during
insertion components of the cutting structure is shown. A discrete cutting element 58 may be
disposed in a recess 56 formed in the blade 24. For example, the discrete cutting element 58
may be disposed in the recess 56 by front-loading or by top-loading the discrete cutting
element 58 into the recess 56. A discrete wearable element 60 may be disposed in the recess
56 laterally adjacent the discrete cutting element 58. For example, the discrete wearable
element 60 may be disposed in the recess 56 by front-loading, as indicated by the arrow
shown in FIG. 9, or by top-loading the discrete wearable element 60 into the recess 56.
Together, asingle discrete cutting element 58 and a single discrete wearable element 60 may
form acomplete cutting structure 30" in some embodiments. In other embodiments, a
complete cutting structure may include more than one discrete cutting element 58, more than
one discrete wearable element 60, or more than one discrete cutting element 58 and more
than one discrete wearable element 60.

[0047] The recess 56 may be formed along an intersection between arotationally
leading surface 34 and a formation-facing surface 36 of the blade 24. Thus, the recess 56
may extend along what would otherwise be arotationally leading and outermost edge defined
by the intersection between the rotationally leading surface 34 and the formation-facing
surface 36 of the blade 24. In other words, the recess 56 may comprise a groove configured
and sized to receive at least one discrete cutting element 58 and at least one discrete wearable
element 60 in the recess 56 extending along a profile of the blade 24. Because the recess 56
extends along the profile of the blade 24 in adirection at least substantialy transverse toa
direction of rotation of the drill bit 16'the discrete cutting element 58 may be laterally
adjacent the discrete wearable element 60 in the sense that the discrete cutting element 58 is
adjacent the discrete wearable element 60 in adirection at least substantially transverse to the

direction of rotation of the drill bit 16'.
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[0048] The discrete cutting and wearable elements 58 and 60 may be generally
cubic in shape in some embodiments. For example, surfaces of the cutting and wearable
elements 58 and 60 may be generally planar and perpendicular to one another, but some of
the surfaces may be curved or contoured to match the contour of the profile of the blade 24
{e.g., curved to abut against a curving surface of the recess 56 or curved to be flush with the
curving formation-facing surface 36 of the blade 24). Thus, the recess 56 may comprise two
intersecting planes, a formation-facing plane and a perpendicular plane, generally
perpendicular to one another against which the discrete cutting and wearabl e elements 58 and
60 may abut. In other embodiments, the discrete cutting and wearable elements 58 and 60
may have other shapes, such as, for example, generally disc-shaped, generally pyramidal,
generaly wave-like, etc. In such embodiments, the recess 56 may have a curved or angled
shape to match the shape of the discrete cutting and wearable elements 58 and 60 or may
retain its shape, aremainder of the recess being filled with material of the braze 42, aweld, or
a hardfacing material.

[0049] The cutting face 44 of the discrete cutting elements 58 and a leading face 44
of the discrete wearable elements 60 may be flush with the rotationally |eading surface 34 of
the blade 24 to which the discrete cutting and wearable elements 58 and 60 are attached in
some embodiments, as shown in FIG. 9. In such embodiments, the discrete cutting and
wearable elements 58 and 60 may be oriented at an at |east substantially neutral or 0° back
rake angle and/or side rake angle. In other embodiments, the cutting face 44 of the discrete
cutting elements 58 and the leading face44' of the discrete wearable elements 60 may
rotationally lead the rotationally leading surface 34 of the blade 24 to which the discrete
cutting and wearable elements 58 and 60 are attached, may rotationally trail the rotationally
leading surface 34 of the blade 24 to which the discrete cutting and wearable elements 58 and
60 are attached, or may be oriented at negativeor positive back rake angles with respect to
the rotationally leading surface 34 of the blade 24 to which the discrete cutting and wearable
elements 58 and 60 are attached. In addition, the discrete cutting and wearable elements 58
and 60 may be flush with the formation-facing surface 36 of the blade 24 to which the
discrete cutting and wearable elements 58 and 60 are attached in some embodiments. In
other embodiments, the discrete cutting and wearable elements 58 and 60 may be exposed
above or embedded below the formation-facing surface 36 of the blade 24 to which the
discrete cutting and wearable elements 58 and 60 are attached.

[0050] The discrete cutting and wearable elements 58 and 60 may have a thickness /
that isgreater than a distance d between rotationally adjacent blades 24 in some
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embodiments. In such embodiments, the combined space of thejunk slot 28 and the recess
56 may enable the discrete cutting and wearable elements 58 and 60 to be placed in the recess
by front-loading where front-loading such discrete cutting and wearable elements 58 and 60
would be difficult or impossible without the recess 56. In other embodiments, the discrete
cutting and wearable elements 58 and 60 may have athicknesst that is less than the distance
d between rotationally adjacent blades 24.

[0051] The discrete wearable element 60 may have a greater wear rate than the
discrete cutting element 58. Therefore, drilling an earth formation with the cutting structure
30" may expose a saw tooth-like configuration at the intersection of the rotationally leading
surface 34 and the formation-facing surface 36 of the blade 24 because the discrete wearable
element 60 may wear away faster than the laterally adjacent discrete cutting element 58
during drilling. Such acutting structure 30" may simplify construction of an earth-boring
drill bit 16' because formation of arecess 35 along an entire profile of a blade 24 may be
faster and easier to accomplish than formation of precise pockets into which the discrete
cutting elements 58 may otherwise be placed. In addition, the cutting structure 30" may
simplify construction of the earth-boring drill bit 16' because the discrete cutting elements 58
and discrete wearable elements 60 may be secured to the blade 24 together in groups, which
may be faster and ssimpler than securing individual cutting elements 58 in pockets.

[0052] Referringto FIG. 10A, aprofile cross-sectional view of a blade 24 of the
drill bit 16' of FIG. 8 after formation of the cutting structure 30"" is shown. The cutting
structure 30" may comprise a continuous succession of discrete cutting and wearable
elements 58 and 60 secured within the recess 56 formed in the blade 24. The cutting
structure 30" may alternate between discrete cutting el ements 58 and discrete wearable
elements 60. Thus, each discrete cutting element 58 may be flanked by discrete wearable
elements 60 laterally adjacent the discrete cutting el ement 58 on both sides, with the
exception of adiscrete cutting element 58 at an end of the cutting structure 30", which may
have only a single discrete wearable element 60 laterally adjacent the discrete cutting element
58, in some embodiments. Likewise, each discrete wearable element 60 may be flanked by
discrete cutting elements 58 laterally adjacent the discrete wearable element 60 on both sides,
with the exception of adiscrete wearable element 60 a an end of the cutting structure 30",
which may have only a single discrete cutting element 58 laterally adjacent the discrete
wearable element 58, in such embodiments. In other embodiments, the discrete cutting and

wearable elements 58 and 60 may distributed such that some discrete cutting elements 58 are
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laterally adjacent other discrete cutting elements 58 and some discrete wearable elements 60
are laterally adjacent other discrete wearable elements 60.

[0053] The discrete cutting elements 58 may be formed of a material suitable for
cutting engagement with an underlying earth formation. For example, the discrete cutting
elements 58 may comprise a diamond-impregnated material, a polycrystalline superhard
material, or a superhard polycrystalline table secured to a substrate. The discrete wearable
elements 60 may be formed of a material suitable for use in earth-boring applications, but
having a greater wear rate than the material of the discrete cutting elements 58 and not
specifically intended for cutting engagement with the underlying earth formation. For
example, the discrete wearable elements 60 may comprise a metal, a metal aloy, acermet
material, or a diamond-impregnated material having a lower volume percentage of diamonds
than adiamond-impregnated material of the discrete cutting elements 58. Thus, the discrete
wearable elements 60 may be configured to wear away at a faster rate than the discrete
cutting elements 58 to expose a saw tooth-like formation of cutting elements 58 on the blade
24.

[0054] The discrete cutting and wearable elements 58 and 60 may be secured to the
blade 24 to form the cutting structure 30™'. For example, the discrete cutting and wearable
elements 58 and 60 may be secured to the blade 24 using a braze 42 in some embodiments.
Thus, when it is said that the discrete cutting and wearable elements 58 and 60 are laterally
adjacent one another, it is meant that some residual braze 42 material may be interposed
between the discrete cutting and wearable elements 58 and 60. The discrete cutting and
wearable elements 58 and 60 may not be secured to one another prior to their placement in
the recess 56, and may only be secured to one another by the braze 42 after their placement in
the recess 56. In other embodiments, the discrete cutting and wearable elements 58 and 60
may be secured to the blade by, for example, welding, an adhesive, or mechanical
interference.

[0055] Referring to FIG. 10B, a profile cross-sectional view of the blade 24 of the
drill bit 16' of FIG. 10A after drilling with the cutting structure 30" is shown. The discrete
wearable elements 60 may be worn down to a greater extent than the discrete cutting
elements 58 due to the greater wear rate of the discrete wearable elements 60. Thus, the
cutting structure 30" may have ajagged profile after drilling, even though the discrete
cutting and wearable elements 58 and 60 were flush with the formation facing surface 36 (see
FIG. 9) prior b drilling.
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[0056] Referringto FIG. 11, aportion of a blade 24 of adrill bit 16" comprising
another embodiment of a cutting structure 30" is shown. The cutting faces 44 of discrete
cutting elements 58 and the leading faces 44" of discrete wearable elements 60 may curve
forward toward the rotationally leading blade 24 as distance from a bottom surface of the
recess 56 increases. Thus, the discrete cutting and wearable elements 58 and 60 may present
achanging positive back rakeangle. Braze 42 material may fill the gap created between the
discrete cutting and wearable elements 58 and 60 due to the curling wave-like shape of the
discrete cutting and wearable elements 58 and 60 in some embodiments. In other
embodiments, hardfacing material may fill such agap. The discrete cutting and wearable
elements 58 and 60 may be exposed above the formation-facing surface 36 of the blade 24 to
which they are attached, as shown in FIG. 11.

[0057] The discrete cutting and wearable elements 58 and 60 may not directly
alternate in succession, but may form arepeating pattern in some embodiments. For
example, two discrete cutting elements 58 may be laterally adjacent one another, followed by
alaterally adjacent discrete wearable element 60, which may be repeated in a pattern along
the profile of the recess 56. In other embodiments, the discrete cutting and wearable
elements 58 and 60 may be placed in other repeating patterns along the profile of the recess
56 or may be dispersed at random along the profile of the recess 56.

[0058] Referringto FIG. 12, aportion of a blade 24 of adrill bit 16' comprising yet
another embodiment of a cutting structure 30" is shown. The cutting faces 44 of the
discrete cutting elements 58 and the leading faces44' of the discrete wearable elements 60
may rotationally lead the rotationally leading surface 34 of the blade 24 to which the discrete
cutting and wearable elements 58 and 60 are attached. At least one of the discrete cutting
elements 58 may be exposed above the formation-facing surface 36 of the blade 24 to a
greater extent than an extent to which a least one of the discrete wearable elements 60 is
exposed. For example, each of the discrete cutting elements 58 may be exposed abovethe
formation-facing surface 36 of the blade 24 and each of the discrete wearable elements 60
may be flush with the formation-facing surface 36 of the blade 24. Thus, the cutting structure
30" may have ajagged or saw tooth-like configuration even prior to being deployed in a
borehole in such embodiments.

[0059] Whilethe present disclosure has been described herein with respect to
certain example embodiments, those of ordinary skill in the art will recognize and appreciate
that it is not so limited. Rather, many additions, deletions, and modifications to the
embodiments described herein may be made without departing from the scope of the
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invention as hereinafter claimed, including legal equivalents. In addition, features from one
embodiment may be combined with features of another embodiment while still being

encompassed within the scope of the invention as contemplated by the inventor.

CONCLUSION

[0060] In some embodiments, earth-boring tools comprise a body comprising at
least one pocket extending into the body. A first discrete cutting element segment is secured
within the at least one pocket. At least another discrete cutting element segment is secured
within the at (east one pocket.

[0061] In other embodiments, earth-boring tools comprise a body comprising aface
and blades extending longitudinally and radially over the face, at |east one of the blades
comprising arotationally leading surface and a formation-facing surface intersecting the
rotationally leading surface. At least one discrete cutting element configured for cutting
engagement with an underlying earth formation is secured within arecess located at an
intersection between the rotationally leading surface and the formation-facing surface. At
least one discrete wearable element having a greater wear rate than the at |east one discrete
cutting element is secured within the recess laterally adjacent the at least one discrete cutting
element.

[0062] In additional embodiments, methods of forming a cutting structure secured
to an earth-boring tool comprise disposing a first discrete cutting element segment intoa
pocket extending into abody. At least another discrete cutting element segment is disposed
into the pocket. The first discrete cutting element segment and the at least another cutting
element segment are secured to the body within the pocket to form a cutting structure.

[0063] In further embodiments, methods of forming a cutting structure secured to
an earth-boring tool comprise disposing at |east one discrete cutting el ement within arecess
located at an intersection between arotationally leading surface and a formation-facing
surface of a blade extending longitudinally and radially over aface of abody. At least one
discrete wearable element is disposed within the recess laterally adjacent the at least one
discrete cutting element. The at least one discrete cutting element and the at least one
discrete wearable element are secured to the blade within the recessto form a cutting

structure.
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CLAIMS
What:isclamediis:

L Anearth-boring:tool, comprising::
abody'comprising at: |east, one pocket: extending intothe: body;;
afirstdiscrete cutting element: segment: secured withinithe at; | east; one: pocket;; and
at: least another-discrete cutting; el ement: segment: securedi withinthe at: least. ane pocket .

2. The earth-boring: tool of claim: 1, whereinthe: first:discrete cutting element

directly rotationally followsthe:at: | east another discrete cutting; el ement: segment..

3. The earth-boring:tool| of ‘claim 1, further comprising: athird discrete cutting;

element: segment secured within the at; |east one pocket.,

4., The earth-boring; tool| of claim: 3, wherein the at | east: another-discrete cutting,

element: segment directly: rotationally followsthe third discrete cutting. el ement segment.

5. The earth-boring tool of claim 1, wherein the first discrete cutting element

pocket using at least one of ‘a braze, aweld, and an adhesive bond..

6. The coated particle of claim 5, wherein the first discrete cutting element segment
and the at |east another cutting element segment are secured to one another only by the at [east

one of the braze, the weld, and the adhesive bond.

7. The earth-boring tool of claim 1, wherein the first discrete cutting element
segment comprises adifferent material composition from a material composition of the at least

another discrete cutting element segment.

8. The earth-boring tool of claim 1, wherein the first discrete cutting element
segment and the at least another discrete cutting element segment comprise a least one of a
diamond-impregnated composite material, a polycrystalline superhard material, and atungsten

carbide particle-matrix composite material.
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9. The earth-boring tool of claim 1, wherein the body comprises blades extending
longitudinally and radially over aface of the earth-boring tool and the at least one pocket
extends from a rotationally leading surface of at |east one of the blades into the at |east one of
the blades.

0. The earth-boring tool of claim 9, wherein a distance between the & |east one of
the blades and another of the blades rotationally adjacent the at least one of the blades is less
than acombined thickness of the first discrete cutting el ement segment and the & least another

discrete cutting element segment.

11. An earth-boring tool, comprising:

abody comprising a face and blades extending longitudinally and radially over the face, at least
one of the blades comprising a rotationally leading surface and a formation-facing
surface intersecting the rotationally leading surface;

at least one discrete cutting element configured for cutting engagement with an underlying earth
formation secured within a recess located at an intersection between the rotationally
leading surface and the formation-facing surface; and

at least one discrete wearable element having a greater wear rate than the at |east one discrete
cutting element secured within the recess laterally adjacent the at least one discrete

cutting element.

1. The earth-boring tool of claim 11, wherein the at |east one discrete cutting
element and the at least one discrete wearable element comprise a plurality of discrete cutting
elements and a plurality of discrete wearable elements, a least some of the discrete wearable

elements located laterally adjacent at least some of the discrete cutting elements.

13.  The method of claim 12, wherein each discrete cutting element is disposed
adjacent two flanking discrete wearable elements and each discrete wearable element is disposed

adjacent two flanking discrete cutting elements in an alternating pattern.

14.  The earth-boring tool of claim 11, wherein the at |east one discrete cutting
element comprises a diamond-impregnated material or a superhard polycrystalline material and

the at |east one discrete wearable element comprises ametal or ametal aloy.
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15.  A.methodlof forming;acutting;structure secureditoan;earth-boring;tool ,
comprising:
-disposing a first discrete cutting; el ement. segment intoy & pocket. extending; into.a body;;
-disposing at: | east another-di screte: cutting;el ement; segment; i ntoithe: pocket;; andi

segment:toithe bodyrwithinithe pocket:toi form; a cutting; structure.,

16.  Themethod of claim: 15, wherein securingthe first:discrete cutting; el ement:
segment.and the at: | east;another- discrete cutting;el ement: segment: to the body-withinithe: pocket.
comprises brazing, welding; or-adhesively: bonding; the first discrete cutti ng;el ement; ssgment: and

the at;|east another discrete cutting; el ement; segment:to the: body withinthe: pocket..

17.  Themethod;of claim; 15, wherein disposing; the first:andi second discrete cutting;
element segments into the pocket; comprises front-loading;the: first and second discrete cutting;
element segments into the pocket, the first discrete cutting; element: segment; rotational ly' trailing,

the second discrete cutting element..

18. A method, of forming:a cutting structure secured.to an earth-boring tool,

comprising:

disposing at. |east one discrete cutting element within arecess located at: an intersection between
arotationally leading surface and a formation-facing surface of a blade extending
longitudinally and radially over-aface of abody;

disposing at: least one discrete wearable element within the recess laterally adjacent the at least
one discrete cutting element; and

securing the at |east one discrete cutting element and the at: least one discrete wearable element

to the blade within the recess to form a cutting structure.

19.  The method of claim 18, wherein securing the at |east one discrete cutting
element and the at |east one discrete wearable element to the blade within the recess comprises
brazing, welding or adhesively bonding the at least one discrete cutting el ement and the at least

one discrete wearable element to the blade within the pocket.

20.  The method of claim 19, wherein brazing, welding or adhesively bonding the at
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leastionediscretecutting el ement:and the:at ll eastionedi screte wearabl eiel ement tothelbl ade
‘withinthejpocket ccompriseslbrazing the:at |l east:onedi screteccutting el ement iat lleast totheiat

lleast:onediscrete wearabl e«el ement.
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