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CUTTING ELEMENTS FOR EARTH-BORING TOOLS, AND METHODS OF
MANUFACTURING EARTH-BORING TOOLS

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit under 35 U.S.C. §119(e) of U.S. Provisional
Patent Application Serial No. 63/146,531, filed February 5, 2021, the disclosure of which is

hereby incorporated herein in its entirety by this reference.

TECHNICAL FIELD
This disclosure relates generally to cutting elements for earth-boring tools and
related earth-boring tools and methods. More specifically, disclosed embodiments relate to
configurations, designs, and geometries for cutting elements for earth-boring tools, which

may increase cutting efficiency.

BACKGROUND

Wellbores are formed in subterranean formations for various purposes including,
for example, extraction of oil and gas from the subterranean formation and extraction of
geothermal heat from the subterranean formation. Wellbores may be formed in a
subterranean formation using earth-boring tools, such as an earth-boring rotary drill bit.
The earth-boring rotary drill bit is rotated and advanced into the subterranean formation. As
the earth-boring rotary drill bit rotates, the cutting elements, cutters, or abrasive structures
thereof cut, crush, shear, and/or abrade away the formation material to form the wellbore.

The earth-boring rotary drill bit is coupled, either directly or indirectly, to an end of
what is referred to in the art as a “drill string,” which comprises a series of elongated
tubular segments connected end-to-end that extends into the wellbore from the surface of
earth above the subterranean formations being drilled. Various tools and components,
including the drill bit, may be coupled together at the distal end of the drill string at the
bottom of the wellbore being drilled. This assembly of tools and components is referred to

in the art as a “bottom-hole assembly” (BHA).
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The earth-boring rotary drill bit may be rotated within the wellbore by rotating the
drill string from the surface of the formation, or the drill bit may be rotated by coupling the
drill bit to a downhole motor, which is coupled to the drill string and disposed proximate
the bottom of the wellbore. The downhole motor may include, for example, a hydraulic
Moineau-type motor having a shaft, to which the earth-boring rotary drill bit is mounted,
that may be caused to rotate by pumping fluid (e.g., drilling mud or fluid) from the surface
of the formation down through the center of the drill string, through the hydraulic motor,
out from nozzles in the drill bit, and back up to the surface of the formation through the
annular space between the outer surface of the drill string and the exposed surface of the
formation within the wellbore. The downhole motor may be operated with or without drill
string rotation.

Different types of earth-boring rotary drill bits are known in the art, including
fixed-cutter bits, rolling-cutter bits, and hybrid bits (which may include, for example, both
fixed cutters and rolling cutters). Fixed-cutter bits, as opposed to roller cone bits, have no
moving parts and are designed to be rotated about the longitudinal axis of the drill string.
Most fixed-cutter bits employ Polycrystalline Diamond Compact (PDC) cutting elements.
The cutting edge of a PDC cutting element drills rock formations by shearing, like the
cutting action of a lathe, as opposed to roller cone bits that drill by indenting and crushing
the rock. The cutting action of the cutting edge plays a major role in the amount of energy
needed to drill a rock formation.

A PDC cutting element is usually composed of a thin layer, (about 3.5 mm), of
polycrystalline diamond bonded to a cutting element substrate at an interface. The
polycrystalline diamond material is often referred to as the “diamond table.” A PDC cutting
element is generally cylindrical with a diameter from about 8 mm up to about 24 mm.
However, PDC cutting elements may be available in other forms such as oval or triangle-
shapes and may be larger or smaller than the sizes stated above.

A PDC cutting element may be fabricated separately from the bit body and secured
within cutting element pockets formed in the outer surface of a blade of the bit body. A
bonding material such as an adhesive or, more typically, a braze alloy may be used to
secure the PDC cutting element within the pocket. The diamond table of a PDC cutting
element is formed by sintering and bonding together relatively small diamond grains under

conditions of high temperature and high pressure (HTHP) in the presence of a catalyst
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(such as, for example, cobalt, iron, nickel, or alloys and mixtures thereof) to form a layer or

“table” of polycrystalline diamond material on the cutting element substrate.

SUMMARY

In embodiments, cutting elements for earth-boring tools may include a substrate and
a polycrystalline diamond material affixed to the substrate at an interface. The
polycrystalline diamond material may have a raised cutting surface including at least two
cutting edges, and first transition surfaces between the at least two cutting edges of the
raised cutting surface and a longitudinal side surface of the cutting element. The first
transition surfaces may include multiple planar surfaces.

In embodiments, a method of manufacturing earth-boring tools may include
forming a drill bit body and forming at least one blade extending from one end of the drill
bit body. The at least one blade comprising a leading edge section. Forming at least one
cutting element in each at least one blade proximate the leading edge section of the at least
one blade. Forming the at least one cutting element includes forming a polycrystalline
diamond material, affixing a first end of the polycrystalline diamond material at an
interface to a substrate, and shaping a second end of the polycrystalline diamond material.
Shaping the second end of the polycrystalline diamond material includes forming at least
two cutting edges defining a raised cutting surface, and forming first transition surfaces
between the at least two cutting edges of the raised cutting surface and a longitudinal side
surface of the cutting element, wherein the first transition surfaces comprise multiple
planar surfaces.

In embodiments, earth-boring tools may include a bit body, a plurality of blades
extending from one end of the body, each blade comprising a leading edge section, at least
one cutting element disposed within each blade proximate the leading edge section of the
blade. The at least one cutting element having a substrate and a polycrystalline diamond
material affixed to the substrate at an interface. The polycrystalline diamond material
comprising a raised cutting surface having at least two cutting edges and first transition
surfaces between the at least two cutting edges of the raised cutting surface and a
longitudinal side surface of the cutting element. The first transition surfaces comprise

multiple planar surfaces.
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BRIEF DESCRIPTION OF THE DRAWINGS

While this disclosure concludes with claims particularly pointing out and distinctly
claiming specific embodiments, various features and advantages of embodiments within
the scope of this disclosure may be more readily ascertained from the following description
when read in conjunction with the accompanying drawings. In the drawings:

FIG. 1A is a perspective side view of a cutting element for an earth-boring tool
having a table geometry according to one or more embodiments of the present disclosure;

FIG. 1B is a rotated, perspective side view of the cutting element of FIG. 1A
according to one or more embodiments of the present disclosure;

FIG. 2 is a perspective side view of a cutting element for an earth-boring tool
according to one or more other embodiments of the present disclosure;

FIG. 3 is a perspective side view of a cutting element for an earth-boring tool
according to one or more other embodiments of the present disclosure;

FIG. 4 is a perspective side view of a cutting element for an earth-boring tool
according to one or more other embodiments of the present disclosure;

FIG. 5 is a top surface view of a face of a cutting element for an earth-boring tool,
illustrating a recess having a substantially rectangular shape according to one or more other
embodiments of the present disclosure;

FIG. 6 is a top surface view of a face of a cutting element for an earth-boring tool,
illustrating a recess and associated transition surface having a substantially oval shape
according to one or more other embodiments of the present disclosure;

FIG. 7 is a top surface view of a face of a cutting element for an earth-boring tool,
illustrating a cutting face having a substantially rectangular raised surface and a
corresponding substantially rectangular recess according to one or more other embodiments
of the present disclosure;

FIG. 8 is a series of perspective side views of cutting elements for earth-boring
tools according to one or more other embodiments of the present disclosure;

FIG. 9 is a series of perspective side views of cutting elements for earth-boring
tools according to one or more other embodiments of the present disclosure; and

FIG. 10 is a perspective side view of an earth-boring tool including one or more

cutting elements in accordance with the present disclosure.
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MODE(S) FOR CARRYING OUT THE INVENTION

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 which are employed to describe embodiments of the disclosure. Thus, the
drawings are not necessarily to scale.

Disclosed embodiments relate generally to geometries for cutting elements for earth-
boring tools which may exhibit longer useful life, exhibit higher durability, and require lower
energy input to achieve a target depth of cut and/or rate of penetration.

As used herein, the term “cutting elements” means and includes, for example,
superabrasive (e.g., polycrystalline diamond compact or “PDC”) cutting elements employed
as fixed cutting elements, as well as tungsten carbide inserts and superabrasive inserts
employed as cutting elements mounted to a body of an earth-boring tool.

As used herein, the singular forms following “a,” “an,” and “the” are intended to include
the plural forms as well, unless the context clearly indicates otherwise.

As used herein, the term “may” with respect to a material, structure, feature, or method
act indicates that such is contemplated for use in implementation of an embodiment of the
disclosure, and such term is used in preference to the more restrictive term “is™ so as to avoid
any implication that other compatible materials, structures, features, and methods usable in
combination therewith should or must be excluded.

As used herein, the term “substantially™ in reference to a given parameter, property, or
condition means and includes to a degree that one of ordinary skill in the art would understand
that the given parameter, property, or condition is met with a degree of variance, such as within
acceptable tolerances. By way of example, depending on the particular parameter, property, or
condition that is substantially met, the parameter, property, or condition may be at least 90.0
percent met, at least 95.0 percent met, at least 99.0 percent met, at least 99.9 percent met, or
even 100.0 percent met.

As used herein, the term “about” used in reference to a given parameter is inclusive of
the stated value and has the meaning dictated by the context (e.g., it includes the degree of error
associated with measurement of the given parameter, as well as variations resulting from
manufacturing tolerances, etc.).

As used herein, the term “earth-boring tool” means and includes any type of bit or
tool used for drilling during the formation or enlargement of a wellbore in a subterranean

formation. For example, earth-boring tools include fixed-cutter bits, roller cone bits,
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percussion bits, core bits, eccentric bits, bicenter bits, reamers, mills, drag bits, hybrid bits
(e.g., bits including rolling components in combination with fixed cutting elements), and
other drilling bits and tools known in the art.

As used herein, the term “superabrasive material” means and includes any material
having a Knoop hardness value of about 3,000 Kgf/mm2 (29,420 MPa) or more.
Superabrasive materials include, for example, diamond and cubic boron nitride.
Superabrasive materials may also be referred to as “superhard” materials.

As used herein, the term “polycrystalline material” means and includes any
structure comprising a plurality of grains (e.g., crystals) of 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.

As used 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.

As used herein, terms of relative positioning, such as “above,” “over,” “under,” and
the like, refer to the orientation and positioning shown in the figures. During real-world
formation and use, the structures depicted may take on other orientations (e.g., may be
inverted vertically, rotated about any axis, etc.). Accordingly, the descriptions of relative
positioning must be reinterpreted in light of such differences in orientation (e.g., resulting
in the positioning structures described as being located “above™ other structures underneath
or to the side of such other structures as a result of reorientation).

As used herein, the term “flank angle” means and includes a smallest angle between
a given transition surface and a plane at least substantially parallel to the raised cutting
surface.

FIGS. 1A and 1B are perspective side views of an embodiment of a cutting
element 100 for an earth-boring tool in accordance with the present disclosure. The cutting
element 100 includes a table 110 positioned and configured to engage with, and remove, an
earth formation as the cutting element 100 is advanced toward the earth formation. The
table 110 may include a polycrystalline, superabrasive material, such as, for example,
polycrystalline diamond or cubic boron nitride. The table 110 may be secured to an end of
a substrate 112, forming an interface 114 between the table 110 and the substrate 112. The
substrate 112 may include a hard, wear-resistant material suitable for use in the downhole

environment. For example, the substrate 112 may include a ceramic-metallic composite
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material (e.g., a cermet), including particles of a carbide or nitride material (e.g., tungsten
carbide) in a matrix of a metal material (e.g., a solvent metal catalyst material configured to
catalyze the formation of intergranular bonds among grains of the superabrasive material of
the table 110).

The table 110 of the cutting element 100 may include a raised cutting surface 108 at
a farthest distance from the substrate 112 having cutting edges 106 for positioning to first
engage with the earth formation and located proximate to radially outermost portions of the
table 110 with respect to a longitudinal axis of the cutting element 100. The table 110 may
also include a recess 102 located proximate to a geometric center of the table 110 and
positioned closer to the substrate 112 than the raised cutting surface 108. The table 110
may also include transition surfaces 116 extending from portions of the raised cutting
surface 108 extending between the cutting edges 106 radially outward toward a periphery
of the table 110 and longitudinally from the raised cutting surface 108 toward the
substrate 112. Each respective portion of the table 110 located between the cutting
edges 106 may include multiple transition surfaces 116. In some embodiments, the
transition surfaces 116 may be planar, may extend over at least substantially the same
longitudinal distance from the raised cutting surface 108 toward the substrate 112, and may
extend along a respective portion of the angular distance around the perimeter of the
table 110. Such transition surfaces 116 may present an angular, faceted, series of chamfer
surfaces to render the transition between the cutting edges 106 around the perimeter of the
table 110, and between the raised cutting surface 108 and a side surface 118 of the cutting
element 100, more gradual.

In the embodiment specifically illustrated in FIGS. 1A and 1B, the raised cutting
surface 108 is generally shaped as a triangle, having three cutting edges 106 proximate a
side surface 118 of the cutting element 100 forming nodes of the substantially triangular
shape, and three corresponding sides extending between the cutting edges 106. The
transition surfaces 116 may cause what would otherwise be a planar surface extending
from an edge at the perimeter of the cutting surface 108 between the cutting edges 106 to
bow radially outward, such that the sides of the generally triangular cutting surface 108 are
divided into multiple planar subsections, each planar subsection corresponding to an
intersection of a given transition surface 116 with the raised cutting surface 108. In other
embodiments, the raised cutting surface may have another substantially polygonal shape

(e.g., rectangle, square, oval, thombus, pentagon, etc.), with faceted transition surfaces 116
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dividing the sides between major nodes of the polygonal shape into subsections. Variable
flank angles for the transition surfaces 116 may reduce the cutter point loading of cutting
forces during drilling while reducing the risk of torsional overloading in tougher to drill,
higher depth of cut (DOC) applications. When deployed on an earth-boring tool, one of the
cutting edges 106 at a node of the substantially polygonal shape of the raised cutting
surface 108 may be oriented towards the formation material.

Cutting element 100 may include three different flank angles (e.g., first flank
angle, second flank angle, and third flank angle) for each of the transition surfaces 116
oriented at different flank angles. The flank angles are the smallest angle between a
given transition surface 116 and a plane at least substantially parallel to the raised
cutting surface 108 of cutting element 100. Each one of the three different flank angles
differs from the other flank angles.

FIG. 1A illustrates the three different flank angles of cutting element 100. A first flank
angle 01 may be between about 25 degrees and about 75 degrees. More specifically, the first
flank angle 01 may be, for example, between about 35 degrees and about 70 degrees. As a
specific, nonlimiting example, the first flank angle 6; may be between about 45 degrees and
about 65 degrees (e.g., about 50 degrees, about 55 degrees, about 60 degrees). The second
flank angle 02 may be, for example, less than the first flank angle 01, and between about 15
degrees and about 65 degrees. More specifically, the second flank angle 62 may be, for
example, between about 25 degrees and about 60 degrees. As a specific, nonlimiting example,
the second flank angle 62 may be between about 35 degrees and about 55 degrees (e.g.,
about 40 degrees, about 45 degrees, about 50 degrees). The third flank angle 65 may be, for
example, less than the first flank angle 61 and less than the second flank angle 02, and between
about 1 degree and about 45 degrees. More specifically, the third flank angle 65 may be, for
example, between about 5 degrees and about 40 degrees. As a specific, nonlimiting example,
the third flank angle 03 may be between about 10 degrees and about 35 degrees (e.g., about 15
degrees, about 20 degrees, about 25 degrees).

FIG. 2 is a perspective side view of another embodiment of a cutting element 200 in
accordance with this disclosure. Similar to the cutting element 100 of FIGS. 1A and 1B, the
cutting element 200 of FIG. 2 includes a raised cutting surface 208 having cutting
edges 206, and transition surfaces 216 forming a faceted, chamfered transition around the
perimeter of the cutting surface 208 between cutting edges 206. The raised cutting

surface 208 is generally shaped as a triangle, having three cutting edges 206 proximate a
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side surface 218 of the cutting element 200 forming nodes of the substantially triangular
shape, and three corresponding sides extending between the cutting edges 206. The
transition surfaces 216 may cause what would otherwise be a planar surface extending
from an edge at the perimeter of the cutting surface 208 between the cutting edges 206 and
to the perimeter of the table 210 to bow radially outward, such that the sides of the
generally triangular cutting surface 208 are divided into multiple planar subsections, each
planar subsection corresponding to an intersection of a given transition surface 216 with
the raised cutting surface 208. The cutting element 200 of FIG. 2 does not include the
recess of cutting element 100 of FIGS. 1A and 1B.

FIG. 3 is a perspective side view of another embodiment of a cutting element 300 in
accordance with this disclosure. Similar to the cutting element 100 of FIGS. 1A and 1B, the
cutting element 300 of FIG. 3 includes a raised cutting surface 308 having cutting
edges 306, arecess 302, and transition surfaces 316 forming a faceted, chamfered transition
around the perimeter of the cutting surface 308 between cutting edges 306. In the cutting
element 300 of FIG. 3, the intersections between respective transition surfaces 316 may
themselves include chamfers 318 or rounded (e.g., radiused) edges. In particular, each
intersection between each of the transition surfaces 316 may be chamfered or curved. In
addition, the intersections between the transition surfaces 316 and the raised cutting
surface 308 may be chamfered or curved. The intersections between the transition
surfaces 316 and the side surface 320 of the cutting element 300 (e.g., between the
transition surfaces 316 and the perimeter of the table 110, between the transition surfaces
and the substrate 112) may also be chamfered or curved. In some embodiments, recess 302
may be omitted from cutting element 300 similar to cutting element 200 of FIG. 2.

FIG. 4 is a perspective side view of another embodiment of a cutting element 400 in
accordance with this disclosure. Similar to FIGS. 1A through 3, FIG. 4 illustrates a cutting
element 400 including a raised cutting surface 408 having cutting edges 406 and a
recess 402. Unlike FIGS. 1A through 3, the transition surfaces 416 depicted in FIG. 4 may
be configured as discrete, continuous respective surfaces extending between the cutting
edges 406. Such transition surfaces may cause the perimeter of the raised cutting
surface 408 to conform more closely to the general polygonal shape it resembles, with at
least substantially straight sides, each side formed by the intersection of a respective

transition surface 416 with the raised cutting surface 408, extending between the nodes of
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the cutting edges 406. In some embodiments, recess 402 may be omitted from cutting
element 400 similar to cutting element 200 of FIG. 2.

Similar to the cutting element 300 illustrated in FIG. 3, the transition surfaces 416
of the cutting element 400 of FIG. 4 may include chamfers 418 or rounded surfaces at the
intersection between a given transition surface 416 and the cutting surface 408. In addition,
the intersection between a given transition surface 416 and the side surface 420 of the
cutting element 400 may be chamfered and/or curved.

In the embodiment illustrated in FIG. 4, the recess 402 located proximate to the
geometrical center of the cutting element 400, and located closer to the substrate 412 than
the raised cutting surface 408, may have a substantially triangular shape. The portions of
the cutting surface 408 generally corresponding to three sides of the substantially triangular
shape may have linear outer edges at intersections with the transition surfaces 416 (or at the
chamfers 418 or curves transitioning thereto), and may have nonlinear inner edges at an
intersection with another chamfer 418 or curve transitioning from the cutting surface 408 to
the recess 402. For example, the raised cutting surface 408 may have a variable (e.g., non-
constant) thickness in the regions extending between the cutting edges 406, as measured in
a direction perpendicular to the outer edges 424 of the raised cutting surface 408. More
specifically, the inner edges 422 of the cutting surface 408, as defined at an intersection of
the cutting surface 408 with the chamfer 418 or curve transitioning to the recess 402, may
be arcuate. As a specific, nonlimiting example, the inner edges 422 of the cutting
surface 408 may be curved, may bow radially toward the geometric center of the recess
402, and may peak at least substantially at the midpoint between respective cutting edges
406, such that the thickest portion of the cutting surface 408 may be located at least
substantially at that midpoint. In other embodiments, the interior edges of the raised cutting
surface 408 adjacent to recess 402 (as illustrated in FIG. 4), may be linear (e.g., straight),
may have a variable radius or a more complex shape, or may have a peak at a location
other than the midpoint between cutting edges 406.

FIG. 5 is a top surface view of a face 504 of another embodiment of a cutting
element 500 for an earth-boring tool, illustrating a recess having a substantially rectangular
shape. In the embodiment of FIG. 5, the cutting face 504 may not be raised, may be at least
substantially planar, and may extend from a side surface 508 at a lateral periphery of the
cutting element 500 radially inward. The cutting face 504 may terminate at a recess 502

located proximate to a geometric center of the cutting element 500. Recess 502 may be at
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least substantially rectangle shaped (e.g., substantially square shaped) with rounded
corners 506. The surfaces that define recess 502 may be planar (oriented at any angle
from 5° to 90° with respect to a longitudinal axis of the cutting element 500), may be
curved (convex and/or concave) having an at least substantially constant or continuously
variable radius (e.g., parabolic), or the surfaces may have a more complex curvature (such
as a sinusoidal wave). In some embodiments, recess 502 may be omitted from cutting
element 500 similar to cutting element 200 of FIG. 2.

FIG. 6 is a top surface view of a face 604 of another embodiment of a cutting
element 600 for an earth-boring tool. In this embodiment, the cutting face 606 of the
cutting element 600 may be raised, may be at least substantially planar, and may only
extend to a side surface 608 at a lateral periphery of the cutting element 600 proximate to
cutting edges 610. The cutting face 606 may intersect with an outer transition surface 604
transitioning from the cutting face 604 longitudinally toward a substrate and radially
outward from the cutting face 606 toward the side surface 608. The transition surface 606
may extend at an at least substantially constant angle from the cutting face 604 toward the
substrate (e.g., may take the form of a chamfer), or may be curved from the cutting
face 604 toward the substrate (e.g., at constant or variable radius), or may have a more
complex transition geometry. The cutting element 600 may also include recess 602 located
proximate to the geometric center of the cutting element 600, and positioned closer to the
substrate than the cutting face 606. The recess 602 may generally be in the shape of an oval
(e.g., an ellipse), and the raised cutting face 606 may likewise be at least substantially oval
shaped (e.g., ellipse shaped). The thickness of the cutting face 606, as measured radially
from a geometric center of the cutting element 600, may be at least substantially constant,
or may vary (as shown in FIG. 6). In some embodiments, recess 602 may be omitted from
cutting element 600 similar to cutting element 200 of FIG. 2.

FIG. 7 is a top surface view of a face of another embodiment of a cutting
element 700 for an earth-boring tool. In this embodiment, the cutting face 706 of the
cutting element 700 may also be raised, may be at least substantially planar, and may only
extend to a side surface 710 at a lateral periphery of the cutting element 700 proximate to
cutting edges 708.

The cutting face 706 may intersect with an inner transition surface 712 transitioning
from the cutting face 706 longitudinally toward a substrate to form a recess 702. The

transition surface 712 may extend at an at least substantially constant angle from a planar
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bottom of the recess 702 to the cutting face 706 (e.g., may take the form of a chamfer), or
may be curved from the planar bottom of the recess 702 to the cutting face 706 (e.g., at
constant or variable radius), or may have a more complex transition geometry. In some
embodiments, the inner edges of the transition surface 712 intersecting with the planar
bottom surface of the recess 702 may be nonlinear. For example, the transition surface 712
may have a variable (e.g., non-constant) thickness in the regions extending between the
nodes of the generally polygonal shape of the cutting surface 706, as measured in a
direction perpendicular to the at least substantially linear edges of the cutting surface 706
extending between the cutting edges 708. More specifically, the inner edges 714 of the
transition surfaces 712, as defined at intersections of the transition surface 712 with the
planar bottom of the recess 702, may be arcuate. As a specific, nonlimiting example, the
inner edges 714 of the transition surfaces 712 may be curved, may bow radially toward the
geometric center of the recess 702, and may peak at least substantially at the midpoint
between respective cutting edges 708, such that the thickest portion of the transition
surfaces 712 may be located at least substantially at that midpoint. In other embodiments,
the interior edges 714 of the inner transition surfaces 712 at the intersection with the planar
bottom of the recess 702 (as illustrated in FIG. 7), may be linear (e.g., straight), may have a
variable radius or a more complex shape, or may have a peak at a location other than the
midpoint between cutting edges 708.

The cutting face 706 may also intersect with an outer transition surface 704, which
may extend radially outward from the cutting face 706 to the side surface 710 and
longitudinally from the cutting face 706 toward the substrate. The outer transition surfaces
may take any of the forms, and have any of the configurations, described previously in
connection with FIGS. 1A through 4.

The recess 702 may generally be in the shape of a rectangle (e.g., a square), and the
cutting surface 606 may likewise be at least substantially rectangle shaped (e.g., square
shaped). In some embodiments, recess 702 may be omitted from cutting element 700
similar to cutting element 200 of FIG. 2.

FIG. 8 is a series of perspective side views of other embodiments of cutting
elements 800 for earth-boring tools. In the depicted embodiments, the cutting element 800
may be configured to include a raised cutting surface 808 having cutting edges 806, a
recess 802 in the center of the raised cutting surface 808, and transition surfaces 816

extending from portions of the cutting surface 808 at the outer periphery thereof toward the
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substrate 812. The transition surfaces 816 may extend from the raised cutting surface 808
to a side surface 822 of the cutting element 800, which may be within the table 810 itself or
at the interface 814 with the substrate 812.

As shown in each view of FIG. 8, the cutting element 800 may include a first
chamfered edge 818 at the cutting edge 806 of the cutting element 800. The first chamfered
edge 818 may extend around an entire circumference of the table 810, forming a transition
between the side surface 822 and the cutting edge 806, as well as between the side
surface 822 and the transition surfaces 816. The table 810 may also include a secondary
chamfer 820 between the first chamfered edge 818 and the raised cutting surface 808
proximate to the cutting edges 806. The secondary chamfer 820 may intersect laterally
with, and generally traverse the same longitudinal distance as, the transition surfaces 816.
For example, the secondary chamfer 8§20 and the transition surfaces may collectively form
a faceted transition from the first chamfer 818 longitudinally toward the cutting face 808
and radially inward toward the geometric center of the cutting element 800. In addition, the
two embodiments on the right-hand side of FIG. 8 illustrate a third chamfer 8§24 between
the secondary chamfer 820 and the raised cutting surface 808. The third chamfer 824 may
likewise extend around an entire circumference of the table 810, forming a gradual
transition from the secondary chamfer 820 and from the transition surfaces 816 to the
cutting face 808. Each of the transition surface 816, first chamfered edge 818, secondary
chamfer 820, and third chamfer 824 may take the form of a planar surface or an arcuate
surface (e.g., concave or convex) transitioning longitudinally and radially between the
identified bordering features. As shown in the various views of FIG. 8, the transition
surface 816, first chamfered edge 818, secondary chamfer 820, and third chamfer 824 may
be adapted to cover differing longitudinal and radial extents, forming shorter, taller, wider,
and/or narrower features, depending on the specific configuration desired. Chamfered
edges, such as those described in connection with FIG. 8, have been found to reduce
thumbnail cracking and tangential overload when compared to certain other geometries
known to the inventors, and reduce the tendency of the polycrystalline, superabrasive
material of the table 810 to spall and fracture. In some embodiments, recess 802 may be
omitted from cutting element 800 similar to cutting element 200 of FIG. 2.

FIG. 9 is a series of perspective side views of other embodiments of cutting
elements 900 for earth-boring tools. The cutting element 900 may include a raised cutting

surface 908 having cutting edges 906, a recess 902, and transition surfaces 916. The
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various views of FIG. 9 also illustrate that the cutting element may include a multi-angled
full edge first chamfer 918 and a multi-angled full edge second chamfer 920. The first
chamfer 918 may extend around an entire circumference of the table 910, and may form a
sloped or curved transition between the side surface 922 of the cutting element 900 and the
second chamfer 920. The cutting edge 906 may be formed by the first chamfer 918 in some
embodiments, at the intersection between the first chamfer 918 and the side surface 922 of
the cutting element 900. In some embodiments, recess 902 may be omitted from cutting
element 900 similar to cutting element 200 of FIG. 2.

The second chamfer 920 may likewise extend around the entire circumference of
the table 910, and may form a sloped or curved transition between the first chamfer 918
and a third chamfer 924 or between the first chamfer 918 and the transition surface 916 and
between the first chamfer 918 and the cutting surface 908. The central view of FIG. 9 also
illustrates a multi-angled full edge third chamfer 924, which may extend around the entire
circumference of the table 910, and form a sloped or curved transition between the second
chamfer 920 and the transition surface 916 and between the second chamfer 920 and the
cutting surface 908.

The right-hand view of FIG. 9 illustrates a fourth chamfer 926 for the generally
polygonal shape of the cutting face 908. For example, the fourth chamfer 926 may be
located at the perimeter of the outer edge of the at least substantially triangular shape of the
cutting face 908, and may form a sloped or curved transition between the transition
surface 916 and the cutting face 908 and between the portion of the second chamfer 920
located proximate to the transition surface 916 and the portion of the second chamfer 920
located proximate to the cutting edge 906.

The geometries of the several views of FIG. 9 may produce a sharp cutting
edge 906 at the beginning of an earth-boring operation. As the cutting element 900 wears,
the effective cutting edge may wear through the first chamfer 918, into the second
chamfer 920, into the third chamfer 924 in embodiments including such a feature, and
ultimately into the cutting face 908. While the width of the effective cutting edge may
gradually increase as this wear and transition occurs, the width of the effective cutting edge
may remain sharper when compared to conventional designs for cutting elements known to
the inventors. The geometries for the cutting elements 900 shown in FIG. 9 may also
reduce internal stresses induced during cutting, increase fracture and wear resistance, and

otherwise improve cutting efficiency. For example, the multi-angle full edge chamfers 918,
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920, and 924, along with the planar transition surfaces 916, and chamfers may improve the
flow of fluid around the cutting element 900, increasing the efficiency of cutting removal,
more effectively cooling the cutting element 900, and increasing the efficiency and
durability of the cutting element 900.

Where logically possible, the features of the cutting elements shown and described
in connection with FIGS. 1A through 9 may be combined with one another. For example,
the faceted transition surfaces 116 shown in FIGS. 1A and 1B may be implemented on any
of the cutting elements shown in FIGS. 4 through 9. As another example, the chamfers 318
between faceted transition surfaces 316 shown in FIG. 3 may be implemented on any of the
cutting elements of FIGS. 4 through 9, assuming they include the faceted transition
surfaces 316 themselves. As yet another example, the nonlinear inner edges 422 shown in
FIG. 4 may be utilized for any of the inner edges for polygonal cutting faces shown in
FIGS. 1A through 3 and 5 through 9. As other examples, the rectangular and oval shapes
for cutting faces and recesses shown in FIGS. 5 through 7 may be utilized instead of the
generally triangular shapes shown in FIGS. 1A through 4, 8, and 9. Finally, the various
chamfering configurations, including full-edge chamfers, variations in longitudinal and
radial distances covered, and extensions of the generally polygonal shapes into the
chamfered regions shown in FIGS. 8 and 9 may be utilized with any of the cutting element
designs shown and described in connection with FIGS. 1A through 7.

FIG. 10 is a perspective view of an earth-boring tool 1000 including one or more
cutting elements 1002, which may be configured as any of the embodiments shown in
connection with FIGS. 1A through 9, or any possible combination of their features, as
described above. For the sake of simplicity, the cutting elements 1002 have been illustrated
as having planar cutting faces, but at least one of the cutting element 1002, up to all of the
cutting elements 1002, may have the complex geometries described above. The earth-
boring tool 1000 may include a body 1004 to which the cutting element(s) 1002 may be
secured. The earth-boring tool 1000 specifically depicted in FIG. 10 is configured as a
fixed-cutter earth-boring drill bit, including blades 1006 projecting outward from a
remainder of the body 1004 and defining junk slots 1008 between rotationally adjacent
blades 1006. In such an embodiment, the cutting element(s) 1002 may be secured partially
within pockets 1010 extending into one or more of the blades 1006 (e.g., proximate the
rotationally leading portions of the blades 1006 as primary cutting elements 1002,

rotationally following those portions as backup cutting elements 1002, or both). However,
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cutting elements 1002 as described herein may be bonded to and used on other types of
earth-boring tools, including, for example, roller cone drill bits, percussion bits, core bits,
eccentric bits, bi-center bits, reamers, expandable reamers, mills, hybrid bits, and other
drilling bits and tools known in the art.

The modified geometries of the embodiments described above are expected to
mitigate thumbnail cracking and tangential overload when compared to geometries for
other cutting elements known to the inventors. Furthermore, modified geometries of the
embodiments described above contain critical angled faces to maintain cutting efficiency
while allowing for increased durability. The modified geometries of the embodiments
described above will allow for greater use in higher weight and torque drilling
environments.

Additional non-limiting example embodiments of the disclosure are described
below.

Embodiment 1: A cutting element comprising a substrate and a polycrystalline
diamond material affixed to the substrate at an interface. The polycrystalline diamond
material comprising a raised cutting surface comprising at least two cutting edges, and first
transition surfaces between the at least two cutting edges of the raised cutting surface and a
longitudinal side surface of the cutting element, wherein the first transition surfaces
comprise multiple planar surfaces.

Embodiment 2: The cutting element of Embodiment 1, further comprising a recess
in a center of the raised cutting surface.

Embodiment 3: The cutting element of Embodiment 2, further comprising second
transition surfaces between edges of the raised cutting surfaces and a bottom surface of the
recess.

Embodiment 4: The cutting element of Embodiment 2 or Embodiment 3, wherein
one or more edges between the raised cutting surface and the second transition surfaces are
linear.

Embodiment 5: The cutting element of Embodiment 2 or Embodiment 3, wherein
one or more edges between the raised cutting surface and the second transition surfaces
comprise one or more arcs.

Embodiment 6: The cutting element of Embodiment 2 or Embodiment 3, wherein

edges between the raised cutting surface and the second transition surfaces are chamfered.
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Embodiment 7: The cutting element of Embodiment 1 through 6, wherein at least
one edge of the raised cutting surface comprises a chamfered edge.

Embodiment 8: The cutting element of Embodiment 1 through 7, wherein the at
least two cutting edges of the raised cutting surface are chamfered.

Embodiment 9: The cutting element of Embodiments 1 through 8, wherein edges
between the longitudinal side surface of the cutting element and the first transition surfaces
are chamfered.

Embodiment 10: The cutting element of Embodiments 1 through 9, wherein edges
between the raised cutting surface and the first transition surfaces are chamfered.

Embodiment 11: The cutting element of Embodiments 1 through 10, wherein one or
more edges between the raised cutting surface and the second transition surfaces are linear.

Embodiment 12: The cutting element of Embodiments 1 through 11, wherein one or
more edges between the raised cutting surface and the first transition surfaces comprise one
Or more arcs.

Embodiment 13: The cutting element of Embodiments 1 through 12, wherein the
raised cutting surface comprises at least three cutting edges.

Embodiment 14: The cutting element of Embodiments 1 through 13, wherein the
raised cutting surface comprises at least four cutting edges.

Embodiment 15: A method of manufacturing an earth-boring tool comprising
forming a drill bit body, forming at least one blade extending from one end of the drill bit
body. The at least one blade comprising a leading edge section. Forming at least one
cutting element in each at least one blade proximate the leading edge section of the at least
one blade. Forming the at least one cutting element comprises forming a polycrystalline
diamond material, affixing a first end of the polycrystalline diamond material at an
interface to a substrate, and shaping a second end of the polycrystalline diamond material.
Shaping the second end of the polycrystalline diamond material comprises forming at least
two cutting edges defining a raised cutting surface, and forming first transition surfaces
between the at least two cutting edges of the raised cutting surface and a longitudinal side
surface of the cutting element, wherein the first transition surfaces comprise multiple
planar surfaces.

Embodiment 16: The method of Embodiment 15, further comprising forming a

recess in a center of the raised cutting surface.
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Embodiment 17: The method of Embodiment 16, further comprising forming
second transition surfaces between edges of the raised cutting surface and a bottom surface
of the recess.

Embodiment 18: An earth-boring tool comprising a bit body, a plurality of blades
extending from one end of the body, each blade comprising a leading edge section, at least
one cutting element disposed within each blade proximate the leading edge section of the
blade. The at least one cutting element comprising a substrate and a polycrystalline
diamond material affixed to the substrate at an interface. The polycrystalline diamond
material comprising a raised cutting surface comprising at least two cutting edges and first
transition surfaces between the at least two cutting edges of the raised cutting surface and a
longitudinal side surface of the cutting element. The first transition surfaces comprise
multiple planar surfaces.

Embodiment 19: The earth-boring tool of Embodiment 18, further comprising a
recess in a center of the raised cutting surface.

Embodiment 20: The cutting element of Embodiment 19, wherein a bottom surface
of the recess is positioned closer to the substrate than the raised cutting surface.

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 in this
disclosure. Rather, many additions, deletions, and modifications to the embodiments
described in this disclosure may be made to produce embodiments within the scope of this
disclosure, such as those specifically 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.
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CLAIMS

What is claimed is:

1. A cutting element comprising:
a substrate; and
a polycrystalline diamond material affixed to the substrate at an interface, the
polycrystalline diamond material comprising:
araised cutting surface comprising at least two cutting edges; and
first transition surfaces between the at least two cutting edges of the raised cutting
surface and a longitudinal side surface of the cutting element, wherein the

first transition surfaces comprise multiple planar surfaces.

2. The cutting element of claim 1, further comprising a recess in a center of the

raised cutting surface.

3. The cutting element of claim 2, further comprising second transition

surfaces between edges of the raised cutting surface and a bottom surface of the recess.

4. The cutting element of claim 3, wherein one or more edges between the

raised cutting surface and the second transition surfaces are linear.

5. The cutting element of claim 3, wherein one or more edges between the

raised cutting surface and the second transition surfaces comprise one or more arcs.

6. The cutting element of claim 3, wherein edges between the raised cutting

surface and the second transition surfaces are chamfered.

7. The cutting element of any one of claims 2-6, wherein at least one edge of

the raised cutting surface comprises a chamfered edge.
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8. The cutting element of any one of claims 1-7, wherein edges between the
longitudinal side surface of the cutting element and the first transition surfaces are

chamfered.

9. The cutting element of any one of claims 2-8, wherein edges between the

raised cutting surface and the first transition surfaces are chamfered.

10.  The cutting element of any one of claims 2-9, wherein one or more edges

between the raised cutting surface and the first transition surfaces are linear.

11.  The cutting element of any one of claims 2-10, wherein one or more edges
between the raised cutting surface and the first transition surfaces comprise one or more

arcs.

12. The cutting element of any one of claims 2-11, wherein the raised cutting

surface comprises at least three cutting edges.

13. A method of manufacturing an earth-boring tool comprising:
forming a drill bit body;
forming at least one blade extending from one end of the drill bit body, the at least one
blade comprising a leading edge section; and
forming at least one cutting element in each at least one blade proximate the leading edge
section of the at least one blade;
wherein forming the at least one cutting element comprises;
forming a polycrystalline diamond material;
affixing a first end of the polycrystalline diamond material at an interface to a
substrate; and
shaping a second end of the polycrystalline diamond material;
wherein shaping the second end of the polycrystalline diamond material comprises;
forming at least two cutting edges defining a raised cutting surface; and
forming first transition surfaces between the at least two cutting edges of the

raised cutting surface and a longitudinal side surface of the cutting
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element, wherein the first transition surfaces comprise multiple

planar surfaces.

14. The method of claim 13, further comprising forming a recess in the center of

5  the raised cutting surface.

15. The method of claim 14, further comprising forming second transition

surfaces between edges of the raised cutting surface and a bottom surface of the recess.

10
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AMENDED CLAIMS
received by the International Bureau on 11 July 2022 (11.07.2022)

What Is claimed s

8 1. A cutting element comprising:
a substrate; and
a polyerystalline diamond material affixed to the substrate at an interface, the
polycrystalline diamond material comprising:
a raised cuiting surface comprising at least two cutting edges, the at least two
10 cutting cdges extending along and at least partially defining an outer
perimeter of the raised cutting surface; and
first transition surfaces between the at least two cutting edges of the raised
cutting surface and a longitudinal side surface of the cutting element,
wherein the first transition surfaces comprise mutltiple planar

i5 surfaces.

2. The cutting element of claim 1, further comprising a recessin a

center of the raised cutting surface.

20 3. The cuiting element of claim 2, further comprising second transition
surfaces between edges of the raised cotting surface and a bottom surface of the

reoess.

4, The cutting elernent of claim 3, whereln one or more edges betwesn

25 the raised cutting surface and the second transition surfaces are linear.

3. The cutting clement of claim 3, wherein one or more edges between
the raised cutting surface and the second transition surfaces comprise one or more
Arcs.

30

AMENDED SHEET (ARTICLE 19)
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6. The cutting element of ¢claim 3, wherein edges between the raised

cutting surface and the second transition surfaces are chamfered,

7. The cutting element of any one of claims 1-6, wherein at least one

edge of the raised cutting surface comprises a chamfered edge.

8. The cutting element of any one of claims 16, wherein cdges between
the longitudinal side surface of the cutting element and the first transition surfaces

are chamfered.

a, The cutting element of any one of claims 1-6, wherein edges between

the raised culting surface and the first transition surfaces are chamfered.

10, The cutting element of any one of ¢laims 1-6, wherein one or more

edges between the raised cutting surface and the first transition surfaces are linear,

11, The cuiting element of any one of claims 1-6, wherein one or more
edges between the raised cutting surface and the first transition surfaces comprise

O OF IOre ares,

12, The cutting element of claim 1, wherein the raised cutling surface

comprises at least three cutting edges.

13. A method of manufacturing an earth-boring tool comprising:

forming a deill bit body;

forming at least one blade extending from one end of the drill bit body, the at least
one blade comprising a leading edge section; and

forming at least one cuiting element in cach at least one blade proximate the leading
edge section of the at least one blade;

wherein forming the al least one cuiting clement comprises;

AMENDED SHEET (ARTICLE 19)
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forming a polyerystathine diamond material;
affixing a first end of the polyerystalline diamond material at an interface to
a substrate; and
shaping a second end of the polyerystalline diamond material;
5 wherein shaping the second end of the polyerystalline diamond material
comprises;
forming at least two culting edges cxtending along and at least
partially defining an outer perimeter of a raised cufting
surface; and
10 forming first transition surfaces between the at least two cutting
edges of the raised cutting surface and a longitudingl side
surface of the cutting element, wherein the first transition

surfaces comprise muliiple planar surtaces.

i5 14.  The method of claim 13, further comprising forming a recess in &

center of the raised cutiing surface.
15.  The method of claim 14, further comprising forming second

transition surfaces between edges of the raised cotting surface and a bottom surface

20 of the recess,

AMENDED SHEET (ARTICLE 19)
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