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TITLE

SHAPED CUTTING ELEMENTS FOR EARTH-BORING TOOLS AND
EARTH-BORING TOOLS INCLUDING SUCH CUTTING ELEMENTS

PRIORITY CLAIM
This application claims the benefit of U.8. Provisional Application Serial
No. 61/596,433, filed February &, 2012.

TECHNICAL FIELD
Embodiments of the present disclosure relate generally 1o cuiting elements that
include a cuiting tip of superabrasive material (e.g., polycrystalline diamond or cubic
boron nitride} and a substrate base, to earth-boring tools including such cutting
elements, and to methods of forming and using such cutting elements and earth-boring

tools.

BACKGROUND

Earth-boring tools are commonly used for forming {e.g., drilling and
reaming) bore holes or wells (hereinafter “wellbores”) in earth formations. Earth-
boring tools include, for example, rotary drill bits, core bits, coeentric bits, bicenter
bits, reamers, underreamers, and mills.

Different types of earth-boring rotary drill bits are known in the art including,
for example, fixed-cutter bits (which are oflen referred to in the art as “drag” bits),
rolling-cutter bits {which are often referred to in the art as “rock” bits), diamond-
impregnated bits, and hybrid bits (which may include, for example, both fixed cutters
and rolling cutters), The drill bit is rotated and advanced into the subterranean
formation. As the drill bit rotates, the cutiers or abrasive siructures thereof cut, crush,
shear, and/or abrade away the formation material 1o form the wellbore.

The drill bit is coupled, either directly or indirectly, to an end of what is
referred o in the art as & “drill string,” which comprises a series of elongated tbular
segments connected end-to-end that extends into the wellbore from the surface of the
formation. Often 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 welibore being drilled.



WO 2013/119930 PCT/US2013/025318

i0

i5

20

30

2.
This assembly of tools and components is referred to in the art as 3 “bottom hole
assembiy” (BHA).

The 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 bitto a
downhole motor, which is also coupled o the drill string and disposed proximate the
bottom of the wellbore. The downhole motor may comprise, for example, 8 hydraulic
Moineau-type motor having a shafi, to which the drili bit is attached, 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 drill bit may rotate concentric with the drill
string or may rotaie eccentric to the drill string. For example, a device referred to asan
“AKQ” (Adjustable Kick i) may be used to rotate the drill bit eccentric to the drill
string.

Rolling-cutter drill bits typically include three roller cones attached on
supporting bit legs that extend from a bit body, which may be formed from, for
example, three bit head sections that are welded together to form the bit body. Each bit
leg may depend from one bit head section. Each roller cone is configured to spin or
rotate on a bearing shafl that extends from a bit leg in a radially inward and downward
direction from the bit leg. The cones are typically formed from steel, but they also may
be formed from a particle-mairix composite material (e.g., 2 cermet composite such as
cemented tungsten carbide). Cutting teeth for cutting rock and other earth formations
may be machined or otherwise formed in or on the outer surfaces of each cone.
Alternatively, receptacles are formed in outer surfaces of each cone, and inserts formed
of hard, wear resistant material are secured within the receptacles to form the cutting
glements of the cones. As the rolling-cutter drill bit is rotated within a wellbore, the
roller cones roll and slide across the surface of the formation, which causes the cutting
elements to crush and scrape away the underlying formation.

Fixed-cutter drill bits typically include a plurality of cutting clements that are
aftached to a face of bit bedy, The bit body may include a plurality of wings or blades,
which define fluid courses between the blades. The cutting elements may be secured to

the bit body within pockets formed in outer surfaces of the blades. The cuiting
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elements are attached to the bit body in a fixed manner, such that the cutting elements
do not move refative to the bit body during drilling, The bit body may be formed from
steel or a particle-matrix composite material (e.g., cobalt-cemented tungsten carbide).
In embodiments in which the bit body comprises a particle-matrix composite material,
the bit body may be attached to a metal alloy (e.g., steel) shank having a threaded end
that may be used to attach the bit body and the shank to a drill siring. As the fixed-
cutter drill bit is rotated within a wellbore, the cutling elements scrape across the
surface of the formation and shear away the underlying formation,

Irupregnated diamond rotary drill bits may be used for drilling hard or abrasive
rock formations such as sandstones, Typically, an impregnated diamond drill bithas g
solid head or crown that is cast in a mold. The crown is attached to a steel shank that
has a threaded end that may be used to aftach the crown and stee! shank to a drili string.
The crown may have a variety of configurations and generally includes a cutting face
comprising a plurality of cutting structures, which may comprise at least one of cutting
segments, posts, and blades. The posts and blades may be integrally formed with the
crown in the mold, or they may be separately formed and attached to the crown.
Channels separate the posis and blades to allow drifling fluid to flow over the face of
the bit.

Impregnated diamond bits may be formed such that the cutting face of the drill
it (including the posts and blades) comprises a particle-matrix composite material that
includes diamond particles dispersed throughout a matrix material. The matrix
material itself may comprise a particle-matrix composite material, such as particles of
tungsten carbide, dispersed throughout a metal matrix material, such as a copper-based
alloy.

it is known in the art to apply wear-resistant materials, such as “hardfacing”
materials, to the formation-engaging surfaces of rotary drill bits to minimize wear of
those surfaces of the drill bits caused by abrasion. For example, abrasion ccours at
the formation-engaging surfaces of an earth-boring tool when those surfaces are
engaged with and sliding relative to the surfaces of g subterrangan formation in the
presence of the solid particulate material (e.g., formation cuttings and detritus)
carried by conventional drilling fluid. For example, hardfacing may be applied to
cutting teeth on the cones of roller cone bits, as well as to the gage surfaces of the

cones. Hardfacing also may be applied to the exterior surfaces of the curved lower
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end or “shirttail” of each bit leg, and other exterior surfaces of the drill bit that are
likely to engage a formation surface during drilling.

The cutting elements used in such earth-boring tools often inchude
polycrystalline diamond cutters {often referred to as “PDCs”), which are cutting
elements that include a polyerystalline diamond (PCD) material. Such polyerystalling
diamond cutting elements are formed by sintering and bonding together relatively
smal! diamond grains or crystals under conditions of high temperature and high
pressure in the presence of a catalyst (such as, for example, cobalt, iron, nickel, or
alloys and mixtures thereof} to form a layer of polyerystailing diamond material on 2
cutting element substrate. These processes are often referred to as high
temperature/high pressure (“HTHP') processes. The cutting clement substrate may
comprise a cermet material {i.e, a ceramic-metal composite material) such as, for
example, cobalt-cemented tungsten carbide. In such instances, the cobalt {or other
catalyst material) in the cutting element substrate may be drawn into the diamond
grains or crystals during sintering and serve as a catalyst for forming a diamond table
from the diamond grains or crystals. In other methods, powdered catalyst material may
be mixed with the diamond grains or crystals prior to sintering the grains or crystals
together in an HTHP process.

Upon formation of a diamond table using an HTHP process, catalyst material
may remain in interstitial spaces between the grains or crystals of diamond in the
resulting polyerystalline diamond table. The presence of the catalyst material in the
diamond table may coniribute to thermal damage in the diamond table when the cutting
element is heated during use due to friction at the contact point between the cutting
element and the formation. Polycrystalling diamond cutting elements in which the
catalyst material remains in the diamond table are generally thermally stableuptoa
temperature of about 750° Celsius, although internal stress within the polyerystalling
diamond table may begin to develop at temperatures exceeding about 350° Celsius.
This internal stress 5 at least partially due to differences in the rates of thermal
expansion between the diamond table and the cutting element substrate to which it is
bonded. This differential in thermal expansion rates may result in relatively large
compressive and tensile stresses at the interface between the diamond table and the
substrate, and may cause the diamond table to delaminate from the substrate. At

temperatures of about 750° Celsius and above, stresses within the diamond table may
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increase significantly due to differences in the coefficients of thermal expansion of the
diamond material and the catalyst material within the diamond table itself. For
example, cobalt thermally expands significantly faster than diamond, which may cause
cracks to form and propagate within the diamond table, eventnally leading to
deteriorgtion of the diamond table and fneffectiveness of the cutting element.

In order to reduce the problems associated with different rates of thermal
expansion in polyerystalline diamond cutting elements, so-called “thermally stable”
polycrystalline diamond {TSD) cuiting elements have been developed. Such a
thermally stable polyerystaliine diamond cutting element may be formed by leaching
the catalyst material {e.g., cobalt) out from interstitial spaces between the diamond
grains in the diamond table using, for example, an acid. All of the catalyst material
may be removed from the diamond table, or only 2 portion may be removed. Thermally
stable polycrystalline diamond cutting elements in which substantially all catalyst
material has been leached from the diamond table have been reported to be thermally
stable up to a temperatures of about 1200° Celsius, It has also been reported, however,
that such fully leached diamond tables are relatively more brittle and vulnerable to
shear, compressive, and tensile stresses than are non-leached diamond tables, Inan
effort to provide cuiting elements having diamond tables that are more thermally stable
relative to non-leached diamond tables, but that are also relatively less brittle and
vulnerable to shear, compressive, and tensile stresses relative to fully leached diamond
tables, cutting elements have been provided that include a diamond table in which only

a portion of the catalyst material has been leached from the diamond table.

DISCLOSURE

In some embodiments, a cutting element for an earth-boring tool of the present
disclosure inchudes a substrate base and a cutting tip. The subsirate base includes a
substantially cylindrical outer side surface and a longitudinal axis substantially paralief
to the substantially cylindrical outer side surface. The cufting tip includes an elongated
surface defining a longitudinal end of the cutting tip, a first generally conical surface
extending from proximate the substrate base to the elongated surface, and a second
generally conical surface extending from proximate the substrate base to the elongated
surface, the second generally conical surface opposite the fivst generally conical

surface, The cutting tip also includes a first generally flat surface extending between
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the first generally conical surface, the second generally conical surface, and the
elongated surface; and a second generally flat surface extending between the first
generally conical surface, the second generally conical surface, and the elongated
surface, the second generally flat surface opposite the first generally flat surface. A
central axis of the culting tip extends through the cutting tip from an interface between
the substrate base and the cutting tip to a central location on the elongated surface. The
longitudinal axis of the substrate base is not co-linear with the central axis of the
cutting tip.

In other embodiments, the present disclosure includes a cutting element for an
garth-boring tool that includes a substantially cylindrical substrate base and a cutiing tip
secured to the subsirate base. The cutting tip includes a first generally conical surface
extending from proximate the substrate base toward a longitudinal end of the cuiting
tip and an opposing second generally conical surface extending from proximate the
substrate base toward the longitudinal end of the cutting tip. The culting tip also
includes a first flank surface extending between the first generally conical surface and
the second generally conical surface and extending from proximate the substrate base
toward the longitudinal end of the cuiting tip and an opposing second flank surface
extending between the first generally conical surface and the second generally conical
surface and extending from proximate the substrate base toward the longitudinal end of
the cutting tip. A surface defining the longitudinal end of the cutting tip is relatively
more narrow in a central region thereof than in a radially outer region thereof.

In additional embodiments, the present disclosure includes an earth-boring tool
including a body and a plurality of cutting elements attached to the body. Each of the
cutting slements includes a substantially cylindrical substrate base and a cutting tip.
The cutting tip of each cutting element includes a first generally conieal surface
extending from proximate the substrate base 10 a longitudinal end of the cuiting tip and
a second generally conical surface extending from proximate the substrate base to the
fongitudinal end of the cutting tip, the second generally conical surface opposite the
first generally conical surface relative to a longitudinal axis of the cutting tip. Each
cutting tip also includes a first flank surface extending from proximate the substrate
base to the longitudinal end of the cutting tip and extending between the first generally
conical surface and the second generally conical surface and a second flank surface

extending from proximate the substrate base to the longitudinal end of the cutting tip
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and extending between the first generally conical surface and the second generally
conical surface, the second flank surface opposite the first flank surface relative o a
longitudinal axis of the cutting tip. At least one of the cutting elements is oriented
relative to the body of the earth-boring tool such that the cutting tip of the at least one
5 cutting element is back raked and configured to initially engage a formation to be bored
by the earth-boring tool with one of the first generally conical surface and the second

generally conical surface of the at least one cutting element.

BRIEF DESCRIPTION OF DRAWINGS

16 FIG. 1 is a top plan view of a cutting element according to an embodiment of
the present disclosure.

FIG. 2 is 3 side plan view of the cutting element of FIG. 1.

FIQ. 3 is a side plan view of the cutting element of FIG. 1 taken from a
direction perpendicular fo the view of FIG. 2.

s FIG. 4 is a cross-sectional view of the cutting element of FIG. 1 taken from line
A-A of FIG, 1.

FIG. 44 is a cross-sectional view of a cutting element according to another
embodiment of the present disclosure, showing valleys extending into a cutting tip
thereof.

20 FIG. 4B is a cross-sectional view of a cutting element according to another
embodiment of the present disclosure, showing ridges extending frony a cutting tip
thereof.

FIG. 4C is a cross-sectional view of a cutting element according 0 ancther
embodiment of the present disclosure, showing a cutting tip thereof formed of multiple

25 materials.

FIG. § is a cross-sectional view of the cutting element of FIG. 1 taken from line
B-Bof FIG. 1.

FIG. 6 is a top plan view of a cuiting element according to another embodiment
of the present disclosurs.

30 FIG. 7 is a side plan view of the cutting element of FIG, 6.

FIG. 8 is a side plan view of the cutting element of FIG. 6 taken from a

direction perpendicular to the view of FIG. 7.
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FIG. 9 is a cross-sectional view of the cutting element of FIG. 6 taken from line
C-Cof FIG. 6.
FIG. 1€ is a cross-sectional view of the cutting element of FIG. 6 taken from
line D-I2 of FIG. 6.

FIG. 11 is a simplified perspective view of an embodiment of a fixed-cutier

LAy

earth-boring rotary drill bit of the present disclosure that inchudes cutting elemenis as
described herein.

FIG. 12 is a simplified side view ofthe cuiting element of FIG. 1 as it is cutting
through a formation during operation thereof,

16 FIG. 13A is a simplified side view of a test fixture including the cutting
element of FIG. 1 oriented therein at a back rake angle.

FIG. 13B is a simplified side view of a test fixture including the culting element
of FIG. 1 oriented therein at a neutral rake angle,

FIG. 13C is a simplified side view of a test fixture Including the cutting element

15  of FIG. 1 oriented therein at a forward rake angle.

FIG. 14 is a side plan view of a cutting element according to another
embodiment of the present disclosure, showing a cutting tip thereof that is angled
refative to a substrate base thereof.

FIG. 15 is a cross-sectional view of a cutting element according to another

20  embodiment of the present disclosure, showing a cutting tip thereof that is rotatable
relative to a substrate base thereof.

FIG. 16 is a top plan view of another cutting element according to an
embodiment of the present disclosure, showing a cutting tip thereof with a curved

fongitudinal end.

MODE(S) FOR CARRYING OUT THE INVENTION
The illustrations presented herein are not meant to be actual views of any
particolar cotting element, earth-boring tool, or portion of a cutting element or tool, but
are merely idealized representations which are employed to describe embodiments of
30 the present disclosure. Additionally, elements common between figures may retain the
same numerical designation.
As used herein, the term “earth-boring tool” means and includes any ool used

to remove formation material and form a bore {e.g., a wellbore)} through a formation by
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way of the removal of the formation material. Earth-boring tools include, for example,
rotary drill bits {e.g., fixed-cutter or “drag” bits and roller cone or *“rock” bits}, hybrid
bits including both fixed cutiers and roller elements, coring bits, percussion bits, bi-
center bits, reamers {including expandable reamers and fixed-wing reamers), and other
so-called “bole-opening” tools.

As used herein, the term “substantially” means to a degree that one skilled in
the art would understand the given parameter, property, or condition is met witha
small degree of variance, such as within acceptable manufacturing tolerances. For
gxample, a parameter that is “substantially” met may be at least about 90% met, at least

about 25% met, or even ai least about 99% met.

[1¥ 54 37 44 2 &4,

As used herein, any relational term, such as “first,” “second,” “over,” “under,”
“on,” “onderlying,” “end,” eic.,, is used for clarity and convenience in understanding
the disclosure and accompanying drawings and does not connote or depend on any
specific preference, orientation, or order, except where the context clearly indicates
otherwise.

FIGS. 1-4 and § show various views of a cutting element 10 according to an
embodiment of the present disclosure. In particular, FIG. 1 is a top plan view of the
cutting element 10, FIG. 2 is a side plan view of the cuiting element 10, FIG. 3 is a side
plan view of the cutting element 10 taken from a direction perpendicular to the view of
FIG. 2, FIG. 4 is a cross-sectional view of the cutting slement 10 taken from line A-A
of FIG. 1, and FIG. § is a cross~-sectional view of the cutting element 10 taken from line
B-B of FIG. 1.

Referring to FIGS. 1-4 and 5, the cuiting element 10 may include a longitudinal
axis 11, a substrate base 12, and a cuiting tip 13. The substrate base 12 may have a
generally cylindrical shape. The longhudinal axis 11 may extend through a center of
the substrate base 12 in an orientation that may be at least substantially parallel toa
tateral side surface 14 of the substrate base 12 {e.g., in an orientation that may be
perpendicular to a generally circular cross-section of the substrate base 12). The lateral
side surface 14 of the substrate base may be coextensive and continuous with a
generally cylindrical lateral side surface 15 of the cutting tip 13 (see FIGS. 2 and 3).
The cutting element 10, including the substrate base 12 and the cuiting tip 13, may
have an outer diameter D and a longitudinal length L, as shown in FIGS. 2 and 3,

respectively. By way of example and not limitation, the outer diameter D may be
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between about 0.40 inches (1.016 cm) and about 0.55 inches (1.397 ¢m), and the
longitudina! length L may be between about 0.5 inches (1,27 ¢m) and about 1.0 inches
{2.54 cm). In one embodiment, the longitudinal length L of the cutiing element 10 may

be about 0,760 inches (1.930 cm). However, it is to be understood that the entire

8y

cutting element 10 may be larger or smaller in the diameter I and/or the fongitudingt
length L, as well as in other dimensions described herein, depending on an application
in which the cutting element 10 is to be used, as will be recognized by one of ordinary
skill in the art. Thus, the overall size of the cutting element 10 may be tailored for a
given application and is not limited to the ranges or specific dimensions described
i herein by way of example.
The cutting tip 13 may also include a first generally conical surface 164, a
second generally conical surface 168, a longitudinal end 17, & first generally flat (e,
planar) surface 184, and a second generally flat {i.e., planar) surface 188. In some
embodiments, the surfaces 18A and 188 may be at least substantially flat {i.e,, planar),
I3 abhough, in other embodiments, the surfaces 18A and i 8B may be textured and/or
curved, as is explained in more detail below. The first and second surfaces 184 and
188 are also somewhat more generally referred to herein as the first flank surface 184
and the second flank surface 188, respectively. The first generally conical surface 16A
may be defined by an angle &, existing between the first generally conical surface 164
20 and a phantom line extending from the generally cylindrical fateral side surface 15 of
the cutting tip 13 (FIG. 2). By way of exampie and not limitation, the angle &y may be
within 8 range of from about zeve degrees (%) to about thirty-five degrees (35%). Inone
embodiment, the angle ©; may be about thirty degrees (30°). The first generally

conical surface 16A may extend from the generally cylindrics! lateral side surface 1510

o]
LAy

the longitudinal end 17, and may extend to edges of the first generally flat surface 184
and of the second generally flat surface 18B. The second generally conical

surface 168 may be defined by an angle ¢ existing between the second generally
conical surface 16B and a phantom line extending from the generally cylindrical lateral
side surface 13 of the cutting tip 13 (FIG. 2). By way of example and not limitation,
30 the angle 4y may be within a range of from about zero degrees (0°) to about thirty-five
degrees (33°). The second generally conical surface 168 may extend from the
generally cylindrical latersl side surface to the longitudinal end 17, and may extend to

the edges of the first generally flat surface 18A and of the second generally flat



WO 2013/119930 PCT/US2013/025318

-1~
surface 185 opposite the first generally conical surface 16A. In some embodiments,
the first and second generally conical surfaces 16A and 16B may be generally
co-conical and may be oriented generally symrmeirically with respect to cach other

about the longitudinal axis 11 of the cutting element 10. Depending on the physical

5

extent of the first and second generally flat surfaces 18A and 18B, the first and second
generally conical surfaces 164 and 168 may be coextensive, in some embodiments,
The cutting tip 13 may have a height H (FIG. 2) from a base of the first and
second generally conical surfaces 16A and 16B to the longitudinal end 17, In some
embodiments, the height H may have a length between about 35% and about 75% of
1t the length of the diameter . By way of example and not limitation, the height H may
be between about 0.2 inches (5.08 mm) and about 0.3 inches (7.62 mm). Inone
embodiment, the height H may be about 0.235 inches {5.96% mm), for example.
The location of the longitudinal end 17 may be centered about and extend
generally symmetrically outward from the longitudinal axis 11, as shown in FIGS. , 2,
15 and 5. The longitudinal end 17 may extend between the first and second generally
conical surfaces 16A and 168 and between the first and second generally flat
surfaces 18A and 188 along a vertex of the cutting tip 13. As shown in FIG. 1, the
longitudinal end 17 may be defined by an elongated surface. The longitudinal end 17
may have a generally arcuate shape with a radius R centered along the longitudinal
26 axis 11, as shown in FIG. 2. By way of example and not limitation, the radivs R may
be between about 0.425 inches (1.080 cm) and about 4.0 inches (10.16 cm}. In one
embodiment, the radius R may be about 0.7 inches (1.778 cm), for example. The
generally arcuate shape of the longitudinal end 17 when viewed from the perspective of
FIG. 2 may cause the slongated surface defining the longitudinal end 17 to be
25 relatively more narrow in a central region thereof than in a radially outer region
thereof, as shown in FIG, 1. The first generally fiat surface 18A may extend from a
location at least substantially proximate the longitudinal end 17 10 a location on the
cutting element 14 at a selecied or predetermined distance from the longitudinal
end 17, such that an angle o, between the longitudinal axis 11 and the first generally
30 flat surface 18A may be within a range of from about fifteen degrees (15°) to abowt
ninety degrees (90°) (FIG. 3). In some embodiments, the angle o, may be between
about forty-five degrees (45%) and about sixty degrees (60%). In one embodiment, the

angle o may be about forty-five degrecs (45°), for example. The first generally flat
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urface 184 may extend from the generally cylindrical side surface 15 (or proximate
thereto) to the longitudinal end 17 (or proximate thereto). The second generally flat
surface 188 may be oriented substantially symmetrically about the longitudinal axis 11
from the first generally flat surface 18A. Thus, the second generally flat surface 188
5 may extend from a location at least substantially proximate the longitudinalend 17102
location on the cutting element 10 at a selected or predetermined distance from the
iongitudinal end 17, such that an angle o, between the longitudinal axis 11 and the
second substantially flat surface 188 may be within a range of from about fifteen
degrees {15%) to about ninety degrees (30°) (FIG. 3). In some embodiments, the angle
10 o, may be between about forty-five degrees {(45°) and about sixty degrees (60°). Inone
embodiment, the angle g may be about forty-five degrees (43°), for example. The
second generally flat surface 188 may extend from the generally cylindrical side
surface 13 {or proximate thereto) to the longitudinal end 17 (or proximate thereto). A
surface defining the longitudinal end 17 may extend between a longitudinal extent of
the first and second generally flat surfaces 18A and 18B. The surface defining the
longitudinal end 17 may have a width W (FIG. 3). In some embodiments, the width W
may have a length between about 0% and about 50% of the length of the diameter D.
For example, in some embodiments, the width W may have a length between about 0%
and about 12% of the length of the dismeter . By way of example and not limitation,
20 the width W may be between about 0 inches {0 em) and about 0,042 inches (1.067
mm). In one embodiment, the width W may be about §.035 inches (0.882 mny), for
example. In another embodiment, the width W may be about 0.0180 inches
{0.254 mmy), for example.
As can be seen in the cross-sectional views of FIGS. 4 and 3, substantially all
25 ofthe cutting element 10 from an interface between a longitudinal end of the substrate
base 12 to the longitudinal end 17 of the cutting tip 13 may comprise g substantially
uniform material. In some embodiments (not shown), the substrate base 12 may
include one or more protrusions extending longitudinally into the cutting tip 13 and the
cutting tip 13 may include one or more recesses complementary to the one or more
30 protrusions to mechanically strengthen a bond between the substrate base 12 and the
cutting tip 13, The cutting tip 13 may comprise an abrasion resistant material.
Abrasion resistant materials useful in drilling formations are known and are, therefore,

not described herein in detail. However, by way of example and not limitation, the
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cutting tip 13 may include one or more of a polycrystalline diamond (PCD) material
{(with or without a catalyst material), a carbide material, a compogite material {(e.g., a
metal-matrix carbide composite material), a material comprising cubic boron nitride,
etc. The cutting tip 13 may be formed separate from or fogether with the substrate
5 base 12 in an HTHP process, for example. I the cutting tip 13 is formed separate from
the substrate base 12, the cutting tip 13 and the subsirate base 12 may be attached
together after being individually formed, such as by brazing, soldering, adhering,
mechanical interference, etc,
The substrate base 12 may be formed from a material that is relatively hard and
10 resistant to wear. As one non-limiting exampile, the substrate base 12 may be at least
substantially comprised of a cemented carbide material, such as cobali~cemented
tungsten carbide.
The substrate base 12 may include a chamfer 19 around 2 longitudinal end
thereof opposite the cutting tip 13. The chamfer 19 may be defined by an angle v from
15 the lateral side surface 14 of the substrate base 12 to a phantom line generally parallel
to the surface of the chamfer 19, as shown in FIG. 2. In one embodiment, the angle y
of the chamfer 19 may be about forty-five degrees (45%, for example. The chamfer 19
may also be defined by a radial distance C between a radially onter edge of a
longitudinal end surface of the base 12 on one side of the chamfer 19 and the lateral
20 side surface 14 of the substrate base 12 on the other side of the chamfer 19, By way of
example and not limitation, the distance C may be between about 0.025 inches ( 0.633
mm) and about §.035 inches { 0.88% mm}. In one embodiment, the distance C may be
about 0.030 inches (0.762 mm), for exampie.

Although the first and second generally flat surfaces 18A and 18B are shown in

o]
Lh

FIGS. 14 and 5 and described as generally planar, the present disclosure is not so
limited. In some embodiments, the first and second generally flat surfaces 184 and
188 may include at least one of a ridge thereon and a valley therein. For example, as
shown in FIG. 44, a cutting element 10A may include first and second generally flat
surfaces 184 and 188 having one or more valleys 42 (ie, indentations, recesses)

30 formed therein. The one or more valleys 42 may extend into the cutting tip 13 from the
first and second generally flat surfaces 18A and 18B. The one or more valleys 42 may
have any cross-sectional shape, such as, for example, arcuate {as shown in FIG. 4A),

triangular, rectanguiar, trapezoidal, or irregular. As shown in FIG. 44, the one or more
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valleys 42 may extend across the first and second generally flat surfaces 184 and 18B
in a direction generally parallel to the length of the longitudinal end 17 of the cuiting
tip 13. In other words, the one or more valleys 42 may extend in a direction generally
perpendicular to the longitudinal axis 11 of the cutting element 10A. In other
embodiments, the one or more valleys 42 may extend along the first and second
generally flat surfaces 18A and 18B in & direction generally from the longitudinal
end 17 of the cutting tip 13 toward the substrate base 12, In other words, the one or
more valleys 42 may extend in a direction generally paraliel 1o a plane of the cross-
section shown in FIG. 4A. In vet further embodiments, the one or more valleys 42 may
extend in another direction that is angled relative to the length of the longitudinal
end 17 of the cutting tip 13.

By way of another example, as shown in FIG. 4B, a cutting element 10B may
include first and second generally flat surfaces 18A and 188 having one or more
ridges 44 {i.e., protrusions} formed thereon. As shown in FIG. 4B, the one or more
ridges 44 may exiend away Fom the first and generally flat surfaces 184 and 18B of
the cutting tip 13. The one or more ridges 44 may have any cross-sectional shape, such
as, for example, arcuate {as shown in F1G. 4B), triangular, rectangular, trapezoidal, or
irregular. As shown in FIG, 4B, the one or more ridges may extend across the first and
second generally flat surfaces 18A and 18B in a direction generally paralle! to a length
of the longitudinal end of the cutting tip 13. In other words, the one or more ridges 44
may extend in a direction generally perpendicular to the longitudinal axis 11 of the
cuiting element 108, In other embodiments, the one or more ridges 44 may extend
along the first and second generally flat surfaces 184 and 188 in a direction generally
from the longitudinal end 17 of the cutting tip 13 toward the substrate base 12. In other
words, the one or more ridges 44 may extend in a direction generally parallel fo a plane
of the cross-section shown in FIG. 4B. It vet further embodiments, the one or mors
ridges may extend in another direction that is angled relative to the length of the
longitudinal end 17 of the cutting tip 13,

Furthermore, although the cutting tip 13 has been described as comprising a
substantially uniform material, the present disclosure is not so limited. For example,
the cutting tip 13 way comprise a plurality of different materials, as shown in FIG. 4C.
For example, the cutting tip 13 of a cutting clement 10C may include a carbide

material 46 formed over a PCD material 48, which may be useful for some
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applications, such as drilling through a casing material with the carbide material 46 and
continuing to drill through a formation past the casing material with the PCD
material 48 as the carbide material 46 wears away. Thus, one of ordinary skill in the
art will, upon consideration of the present disclosure, appreciate that the possible
S compositions and forms of the cutting tip 13 are not limited to the particular
compositions and forms shown in the figures of the present disclosure.

FIGS. 6-10 show various views of a cutting element 20 according to another
embodiment of the present disclosure. In particular, FIG. 6 is a top plan view of the
cuiting element 20, FIG. 7 is a side plan view of the cutting element of FIG. 6, FIG. 8

10 isaside plan view of the cutting element of FIG, 6 taken from a direction
perpendicular to the view of FIG. 7, FIG. 9 is a cross-sectional view of the cuiting
element of FIG, 6 tsken from line C-C of FIG. 6, and FIG, 10 is a cross-sectional view
of the cutting element of FIG. 6 taken from line D-D of FIG. 6.

Referring to FIGS. 6-10, the cutting element 20 may include a longitudinal

.
L

axis 21, a substrate base 22, and a cutting tip 23. The substrate base 22 may have a
generally cylindrical shape. The longitudinal axis 21 may extend through a center of
the substrate base 22 in an orientation that may be at least substantially parallel to a
lateral side surface 24 of the substrate base 22 (e.g., in an orientation that may be
perpendicular to a generally circular cross-section of the substrate base 22). The lateral
20 side surface 24 of the substrate base may be coextensive and continuous with a
generally cylindrical lateral side surface 25 of the cutting tip 23 (FIGS. 7 and 8). The
cutting tip 23 also includes a first generally conical surface 26A, a second generally
conical surface 26B, a longitudinal end 27, a first generally flat surface 28A, and a
second generally flat surface 28B. The exposed shape, dimensions, and material
25  properties of each of the cutting tip 23, the first generally conical surface 26A, the
second generally conical surface 26B, the longitudinal end 27, the first generally flat
surface 284, and the second generally flat surface 28B may be substantially as
described above with reference to the respective cutting tip 13, the first generally
conical surface 164, the second generally conical surface 16B, the longitudinal end 17,
30 the first generally flat surface 18A, and the second generally flat surface 18B described
above with reference to FIGS, 1-5, except for the differences that will be described

below. For example, the angles, lengths, and relative orientations of the various
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portions of the cutting clement 20 of FIGS. 6-10 may generally be within the ranges
discussed with reference to the various portions of the cutting element 10 of FIGS. [-5.

The cutting tip 23 of the cutting element 20 may be formed as a relatively thin
layer over the substrate base 22, as shown in the cross-sectional views of FIGS. @ and
5 10, Material of the cutting tip 23 may be formed to have a thickness T that is

substantially uniform over the underlying substrate base 22. By way of example and
not Hmitation, the thickness T of the material of the cutting tip 23 may be at least about
0.15 inches (3.81 mm). A longitudinal end of the substrate base 22 underlying the
cutting tip 23 may inchude a protrusion that is in approximately the same shape as the

10 cutting tip 23, except that the longitudinal end of the substrate base 22 may be smaller
than the exterior of the cutting tip 23 by the thickness T, The substrate base 22 may be
formed in the shape shown, and the material of the cutting tip 23 may be formed over
the substrate base through, for example, an HTHP process. Such a configuration may
reduce the amount of material used to form the cutting tip 23, which may reduce the

15 cost of forming the cutting element 20.

A longitudinal end 52 of the substrate base 22 opposite the cutting tip 23 may

inchude a first chamfer 294 and a second chamfer 298, as shown in FIGS. 7 and 8.
The first chamfer 29A may extend around the substrate base 22 between the lateral side
surface 24 of the subsirate base 22 and the second chamfer 29B. The second

20 chamfer 298 may extend around the substrate base 22 between the first chamfer 29A
and the longitudinal end 32 of the substrate base 22. The first chamfer 29A may be
defined by an angle §; that exists between a phantom line extending from the lateral
side surface 24 and a phantom line parallel to the surface of the first chamfer 29A. By
way of example and not limitation, the angle B may be between about 10° and about

25 16° such as about 13° The second chamfer 298 may be defined by an angle §, that
exists between a phantom line extending from a plane of the longitudinal end 52 of the
substrate base 22 and & phantom line parallel to the surface of the second chamfer 298,
By way of example and not Hmitation, the angle By may be between about 10° and
about 20°, such as about 15°

36 Each of the cutting elements 10 and 20 may be attached to an earth-boring tool
such that the respective cutting tips 13 and 23 will contact a surface of a subterranean
formation within a wellbore during a drilling or reaming process. FIG. 11 isa

simplified perspective view of a fixed-cutter earth-boring rotary drill bit 100, which
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includes a plurality of the cutting elements 10 attached to blades 101 on a body of the
drilf bit 100. In additional embodiments, the drill bit 100 may include both cutting
elements 10 and cutting elements 20, In yet further embodiments, the drill bit 100 may
include only cutting elements 20, Although not shown, it is to be understood that the

5 cutting elements 10 and/or 20 may be positioned on a rolling-cutter drill bit, such asa
tricone bit, or an earth-boring tool of another type (e.g., a reamer). The cutting
elements 10 or 20 may be aligned with an alignment feature 102 formed on or in the
body of the drill bit 100 to ensure proper rotation of the cutting tips 13 or 23 {(see FIGS,
1-10) of the cutting elements 10 or 20 relative to the drill bit 100 and the formation to

10 bedrilled. In some embodiments, the alignment feature 102 may be 3 hole, a bump, a
groove, a mark, or any other feature that can be discerned with which to align the
cuiting tips 13 or 23, In other embodiments, an alignment feature may be formed
within pockets in which the cuiting elements 10 or 20 are to be positioned. The cufting
glements 10 or 20 may be visually aligned with the alignment feature(s) 102 upon

15 attachment to the body of the drill bit 100, or the cutting clements 10 or 20 may include
a feature or shape complementary to the alignment feature(s) 102 for mechanical
alignment therewith (i.e., if the alignment feature 102 is formed in a pocket). Further,
carth-boring tools may include one or more cutting clements as described herein, and
may also include other types of cutting elerments. In other words, one or more cutting

20 elements as described herein may be employed on an earth-boring tool in combination
with other types of cutting elements such as conventional shearing PDC cutting
elements having a generally cylindrical shape with a flat cutting face on an end thereof,

FIG. 12 is a simplified side view of the cutting element 10 as it is cutting

through a formation 50 during operation thereof. The drill bit body and other

5
W

components are removed from the view of FIG. 12 for clarity and convenience.
Referring to FIG. 12 in conjunction with FIG. 11, during operation, the cutting
element 10 may move relative to the formation 50 in a direction 40 as the cutting
clement 10 cuts through the formation 50. In some embodiments, the cutting
clement 10 may be positioned on a drill bit such that the longitudinal axis 11 thereofis
30 angled with respect to a phaniom line 55 extending normal to a surface of the
formation 50 through which the cuiting element 10 is configured to cut. As shown in
FiG. 12, the cutting element 10 may be angled such that the first generally conical

surface 16A engages with the formation 50 prior to the longitudinal end 17 of the
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cutting element 10 in the direction 46 of movement of the cutting element 10, In other
words, the cutting element 10 may be oriented at a back rake angle with respect to the
formation 50. In other embodiments, however, the cutting element 10 may be oriented
at a forward rake angle with respect to the formation 50 (i.e., the longitudinal axis 11 of
the cutting element being oriented relative to the phantom line 55 opposite to the
orientation shown in FIG. 12), or may be oriented with a neutral rake angle
perpendicular to the formation 50 (i.e., the longitudinal axis 11 of the cutting
element 10 being at least substantially paraliel to the phantom line 55).

The shape of the cutting element 10 of the present disclosure and the
orientation thereof relative to the formation 5¢ may provide improvements when
compared to the conventional cutting elements. FIGS. 13A-13C show simplified side
views of a test fixture 70 including the cutting element 10 oriented therein with various
rake angles. The cutting element 10 was moved in the direction 40 relative to a test
sample of formation material 80, a planar surface of which was positioned generally
horizontally when viewed in the perspective of FIGS, 13A-13C.

As shown in FIG. 134, the cutting element 10 was oriented in the text
fixture 70 such that the cutting element 10 was back raked refative to the test sample of
formation material, the cutting element 10 was caused to engage with the test sample of
formation material 80, and various parameters {¢.g., tangential force, axial force,
cutting efficiency, formation fracture, flow of cuitings, etc.} were observed during and
after the test. Similarly, as shown in FIGS. 138 and 13C, the cutting clement 10 was
oriented in the text fixture 70 such that the cutting element 10 was neutrally raked and
forward raked, respectively, and the various parameters measured and compared to the
resulis of the test with the back raked cutting element 16 (FIG. 13A). Such tesis
suggested that, considering the various parameters, back raking the cutting element 10
{as in FIG. 13A) provided the greatest durability and drilling efficlency, among other
improvements, compared to the neutrally raked and forward raked configurations.
Therefore, although the shape and other characteristios of the cutting element 10 of the
present disclosure may provide improvements over prior known cutting elements
regardless of the raking angle thereof, back raking the cutting element 10 may provide
additional improvements in at least some drilling applications when compared to other

raking angles and when compared to prior known cutting elements.
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FIG. 14 is a side plan view of 3 cuiting element 3§ according to another
embodiment of the present disclosure. The cutting element 30 may include a substrate
base 32 and a cutting tip 33 that are, in most aspects, at least substantially similar to
one or both of the substrate bases 12 and 22 and one or both of the cutting tips 13 and

5§ 23, respectively, described above, However, the subsirate base 32 may have a
longitudinal axis 31 as described above and the cutting tip 33 may have a longitudinal
axis 35. The longitudinal axis 35 of the cutting tip 33 may extend generaily centrally
through the cutting tip 33 from (e.g., perpendicular o} an interface between the cutting
tip 33 and the substrate base 32 o a central {ocation on the longitudinal end 17 of the

10 cutting tip 33. The longitudinal axis 31 of the substrate base 32 and the longitudinal
axis 35 of the cutting tip 33 are not co-linear, as shown in FIG. 14, Thus, the substrate
base 32 of the cutting element 30 may be at least partially positioned within a cutter
pocket of a drill bit body in an orientation, and the cutting tip 33 of the cutting
element 30 may be angled with respect to the orlentation. Thus, the back raking of the

13 cuiting element 30 may be provided simply by the geometrical configuration thereof,
rather than positioning the entire cutting element 30 at a predetermined rake angle
relative to the drill bit body. For example, if the cutting element 30 is moved relative
to a formation in a direction 40 that is generally perpendicular to the longitudinal
axis 31 of the substrate base 32, the cutting tip 33 may be back raked relative to the

208 formation by the same angle of difference between the longitudinal axis 31 of the
substrate base 32 and the longitudinal axis 35 of the cutting tip 33.

Due to the relative angle between the generally cylindrical substrate base 32
and the cutting tip 33, the interface between the subsirate base 32 and the cutting tip 33
may generally be circomscribed by an oval

25 In some embodiments, at least 8 portion of the cutting slement 10, 20, 30 may
be free to at least partially rotate about the axis 11, 21, 31 thereof during operation of 2
drill bit including the cutting element 10, 20, 30. By way of example, the cutting tip 13
of a cutting element 10D may be configured to rotate about the longitudinal axis 11
relative to the substrate base 12, as shown in FIG. 15. In such embodiments, the

30 substrate base 12 and/or the cutting tip 13 may include one or more engagement
features 4% {¢.g., a post, a recess, a ridge, a bearing, ete.) configured to hold the cutling
tip 13 onto the substrate base 12, while allowing the cutting tip 13 fo rotate relative o

the substrate base 12 about the longitudinal axis 11, In such embodiments, the cutting
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tip 13 may be capable of self-alignment within a groove cut into a formation during
operation of the drill bit. By way of another example, the cutting elements 20, 30 may
be configured to rotate about the respective longitudinal axes 21, 31 relative to a drill
bit to which the cutting elements 20, 30 are secured.
) In some embodiments, the longitudinal end 17, 27 of the cutting tip 13, 23 of
the present disclosure may be curved relative to a plane in which the longitudinal
end 17, 27 extends. For example, as shown in FIG. 16, the longitudinal end 17 of the
cutting tip 13 of a cutting element 10E may be generally curved relative to a plane 41
passing longitudinally through a center of the cutting element 108, The surfaces 18C
13 and 18D may be at least somewhat curved, as well, to form the curvature of the
longitudinal end 17, For example, the surface 18C may be at least partially convex
proximate the fongitudinal end 17, while the surface 13D may be at least partially
concave proximate the longitudinal end 17, In some embodiments, only one of the
surfaces 18C and 1812 is curved, while the other of the surfaces 18C and 18D is at least
15 substantially flat {i.c., planar). Such curved longitudinal ends 17, 27 may be
particularly useful when the cutting element 10, 20 is mounted on a cutting face of a
drill bit proximate a longitudinal axis of the drill bit, where the radius of a cutting
groove is refatively small. |
The enhanced shape of the cutting elements 10, 20, 30 described in the present
20 disclosure may be used to improve the behavior and durability of cutting elements
when drilling in subterranean earth formations. The shape of the cutting elements 10,
29, 30 may enable the cutting elements 10, 20, 30 to fracture and damage the
formation, while also providing increased efficiency in the removal of the fractured

formation material from the subterranean surface of the wellbore.,

o
(=

During operation, the shape of the cutting elements 10, 20, 30 of the present
disclosure may increase point loading and thus may create increased fracturing in
garthen formations. Testing shows increased rock fracturing beyond the cut shape
impression in the drilled formation. Without being bound to a particular theory, it is
belicved that the at least partially conical shape of the cuiting elements 10, 20, 30 of
30 the present disclosure concentrates stress in formations through which the cutting
elements 10, 20, 30 deill, which propagates fracturing bevond a point of contact o a
greater extent than conventional cutting elements, such as circular table PCD cutling

elements. The increased rock fracturing may lead to greater drilling efficiency,
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particularly in hard formations. Furthermore, the cutting elements 10, 20, 30
described in the present disclosure may have increased durability due to the cutting
elements 10, 20, 30 having a shape that is elongated in one plane {¢.g, a plane in
which the longitudinal end 17, 27 extends), as described above and shown in the
figures. Such a shape may induce increased pre-fracturing of the formation along
the elongated edge during operation. Such an elongated shape may increase stability
by tending to guide the cutting element 10, 20, 30 in the drilling track or groove
formed by the leading cutting edge of the cutting element. Furthermore, the at least
partially conical shape of the cutting element 10, 28, 30 may provide depth-of-cut
contro} due to the increasing cross-sectional area of the cutting element 10, 20, 30 in
the direction extending along the longitudinal axis 11, 21, 31, 35 thereof,

In some embodiments, the cutting tip 13, 23, 33 of the present disclosure
may be at least predominantly comprised of diamond with an interface geometry
between the cutting tip and the substrate selected to manage residual stresses at the
interface. Embodiments of the cutting element 18, 20, 36 of the present disclosure
including PCD in the cuting tip 13, 23, 33 may present a continuous cutting face in
operation, but with increased diamond volume. The shape of the cutting element 10,
20, 3¢ may provide increased point loading with the abrasion resistant material {(e.g.,
PCD) thereof supporting the leading edge, which may improve pre-fracturing in
brittle and/or hard formations. The ability to pre-fracture the formation may be
particularly useful in so-called “managed pressure drilling” (MPD), “underbalanced
drilling” (UBD), and/or air drilling applications. The pre-fracturing of the formation
may significantly reduce cutting forces required to cut into the formation by any
trailing cutting structure, such that the trailing cutting structure(s) may be relatively
larger in shape for maximum formation removal.

In addition, the generally flat surfaces 184, 188, 28A, and 28B of the present
disclosure may act as features that stabilize the cutting elements 10, 20, 30 within a
groove cut in the formation. The generally flat surfaces 18A, 18B, 284, and 28B
may be significantly larger in area than the leading cutting edge. Thus, with a small
forward cuiting face and large blunt side faces, the cutting element 10, 20, 30 may
act as a seif-stabilizing cutting structure. Drilling efficiency may be improved by
the cutting element 10, 20, 30 of the present disclosure at least in part because

formation material that is drilled away may follow a less tortucus path than with
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conventional cuiting elements. The generally conical shape of the cutting
clements 10, 20, 30 of the present disclosure may cause the exposed surfaces of the
cutting elements 10, 20, 30 to experience compression during axial plunging thereof
into a formation, which may improve the durability of the cutting elements by
5 eliminating or reducing tensile failure modes. The increased pre-fracturing and
drilling efficiency may improve a rate of penetration of a drill bit including the
cutting elements 14, 20, 30 of the present disclosure. Any of the cutting
clements 10, 20, 30 described in the present disclosure may be used as a primary
cutter or as a backup cutter.
i¢ Additional non-limiting example embodiments of the present disclosure are set
forth below.
Embodiment 11 A cutting element for an earth-boring tool, comprising: a
substrate base comprising a substantially cylindrical outer side surface and a
longitudinal axis substantially paralle! to the substantially cylindrical outer side surface;
15 and 3 cutting tip comprising: an elongated surface defining a longitudinal end of the
cutting tip; a first generally conical surface extending from proximate the subsirais
base to the clongated surface; a second generally conical surface extending from
proximate the substrate base to the elongated surface, the second generally conical
surface opposite the first generally conical surface; a first generally flat surface
20  extending between the first generally conical surface, the second generally conical
surface, and the elongated surface; 2 second generally flat surface extending between
the first generally conical surface, the second generally conical surface, and the
clongaied surface, the second generally flat surface opposite the first generally flat
surface; and a central axis extending through the cutting tip from an interface between
25 the substrate base and the cutiing tip to a central location on the elongated surface;
wherein the longitudinal axis of the substrate base is not co-linear with the central axis
of the cutting tip.
Embodiment 2: The cutting element of Embodiment 1, wherein the substrate
base comprises a first material and the cutting element tip comprises a sccond material
30 different than the first material.
Embodiment 3: The cutting element of Embodiment 2, wherein the first
material comprises a cemented carbide material and the second material comprises an

abrasion resistant material selected from the group consisting of a polycrystalline
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diamond material, a carbide material, 3 metal-matrix carbide composite material, and a
cubic boron niiride material,
Embodiment 41 The cufting element of any one of Embodiments 2 and 3,
wherein the second material comprises a polycrystalling diamond material and the
5 cutting tip further comprises a third material formed over the polyerystalling diamond
material.
Embodiment S: The cutting element of any one of Embodiments 2 through 4,
wherein substantiaily all of the cutting element from an interface between a
longitudinal end of the substrate base and the longitudinal end of the cutting tip
10 comprises the second material, the second material being a substantially uniform
material.
Embodiment 6: The cutting element of any one of Embodiments 2 theough 4,
wherein the second material comprises a layer over the substrate base, the layer having
a substantially uniform thickness.
i5 Embodiment 7: The cutting element of Embodiment 6, wherein the
substantially uniform thickness of the second material is at least about 0.15 inches
(3.81 mm}.
Embodiment 8: The cutting element of any one of Embodiments 1 through 7,
wherein the substrate base comprises at least one chamfer around s longitudinal end
20 thereof opposiie the cutting tip.
Embodiment 3 The cuiting element of Embodiment 8, wherein the st least one
chamfer comprises a first chamfer extending around the substrate base between a
lateral side surface of the substrate base and a second chamfer, the second chamfer
extending around the substrate base between the first chamfer and the longitudinal end
25 of the substrate base opposite the cutling tip.
Embodiment 13: A cuiting clement for an earth-boring tool, the cutting
glement comprising: a substantially cylindrical substrate base; and a cuiting tip secured
to the substrate base, the cutting tip comprising: a first generally conical surface

extending from proximate the substrate base toward a longitudinal end of the cutting

153
<

tip; an opposing second generally conical surface extending from proximate the
substrate base toward the longitudinal end of the cutting tip; a first flank surface
extending between the first generally conical surface and the second generally conical

surface and extending from proximate the substrate base toward the longitudinal end of
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the cutting tip; and an opposing second flank surface extending between the first
generally conical surface and the second generally conical surface and extending from
proximate the substrate base toward the longitudinal end of the cutting tip; wherein a
surface defining the longitudinal end of the cutting tip is relatively more namow ina
central region thereof than in a radially outer region thereof,

Embeodiment 11: The cutting element of Embodiment 10, wherein the cutting
tip is angled relative to the substrate base. ‘

Embodiment 12: The cutting element of any one of Embodiments 10 and 11,
wherein each of the first flank surface and the second flank surface is substantially flat,

Embodiment 13: The cutting element of any one of Embodiments 10 and 11,
wherein the surface defining the longitudinal end of the cutting tip is curved refative (o
a plane passing longitudinally through a center of the cutting element,

Embodiment 14: The cutting element of any one of Embodiments 10 through
13, further comprising one or more valleys extending into at least one of the first flank
surface and the second flank surface.

Embodiment 15: The cutting element of any one of Embodiments 10 through
14, further comprising one or more ridges extending from at least one of the first flank
surface and the second flank surface.

Embodiment 16: The cutting element of any one of Embodiments 10 through
14, wherein the cutting tip is configured to rotate relative to the substrate base.

Embodiment I7: An earth-boring tool, comprising: a body; and a plurality of
cutting elements attached to the body, cach cutiing eleraent of the plurality of cutting
elements comprising: a substantially cylindrical substrate base; and a cutting tip
comprising: a first generally conical surface extending from proximate the substrate
base to a longitudinal end of the cuiting tip; a second generally conical surface
extending from proximate the substrate base to the longitudinal end of the cutting tip,
the second generally conical surface opposite the first generally conical surface relative
to g longitudinal axis of the cutting tip; a first flank surface extending from proximate
the subsirate base o the longitudinal end of the cutting tip and extending between the
first generally conical surface and the second generally conical surface; and a second
flank surface extending from proximate the substrate base to the longitudinal end of the
cutting tip and extending between the first generally conical surface and the second

generally conical surface, the second flank surface opposite the first flank surface
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relative 1 a longitudinal axis of the cutting tip; wherein at least one cuiting element of
the plurality of cutting elements is oriented relative to the body such that the cutting tip
of the at least one cutting slement is back raked and configured to inftially engage 2
formation to be bored by the earth-boring tool with one of the first generally conical
surface and the second generally conical surface of the at least one cutting element.

Embodiment 18: The earth-boring tool of Embodiment 17, wherein the cutting
tip of the at least one cutting element comprises a longitudinal axis extending centrally
through the cutting tip from proximate the substrate base to the longitudinal end of the
cutting tip that is not co-linear with a longitudinal axis extending centrally through the
subsirate base.

Embodiment 19: The earth-boring tool of any one of Embodiments 17 and 18,
wherein each cutting slement of the plurality of cutling elements is oriented relative to
the body such that the cutting tip of each cuiting element is back raked and the
formation to be bored by the earth-boring tqoi is to be initially engaged by each cutting
clement with one of the first generally conical surface and the second generally conical
sirface of each cutting slement,

Embodiment 20: The earth-boring tool of any one of Embodiments 17 through
19, wherein the cutting tip of each culting element of the plurality of cutting clemenis is
configured to rotate relative to the substrate base thereof.

Embodiment 21: The earth-boring tool of any one of Embodiments 17 through
20, wherein the earth-boring tool is a fixed cutter rotary drill bit.

Embodiment 22: A method of drilting a formation using an earth-boring tool,
the method comprising: positioning an sarth-boring tool proximate the formation, the
earth-boring tool comprising: at least one cutting elewent, comprising: a substrate base
comprising a substantially cylindrical outer side surface; and a cutting tip attached to
the substrate base, the cutting tip comprising: an elongated surface defining a
longitudinal end of the cutting tip; a first generally conical surface extending from
proximate the substrate base to the elongated surface; a second generally conical
surface extending from proximate the substrate base 10 the clongated surface, the
second generally conical surface opposite the first generally conical surface; a first
generally flat surface exiending between the first generally conical surface, the second
generally conical surface, and the elongated surface; and a second generally flat surface

extending between the first generally conical surface, the second generally conical
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surface, and the elongated surface, the second generally flat surface opposite the first
generally flat surface; and engaging the formation with the at least one cutting elemens,
wherein one of the first generally conical surface and the second generally conical
surface of the cutting tip of the at least one cuiting element is positioned to initially
engage the formation relative to other surfaces of the at least one cutting element.

Embodiment 23: The method of Embodiment 22, further comprising orlenting
the at least one cutting element such that the cuiting tip of the at least one cutting
clement is back raked relative to the formation.

Embodiment 24: The method of Embodiment 23, wherein orienting the at least
one cutting element comprises providing the at least one cutting element with the
cuiting tip thereof angled relative to the substrate base thereof. ‘

Embodiment 25: A method of forming a cutting element, comprising: forming
the cutting element of any one of Embodiments | through 16.

Embodiment 26: A method of forming an earth-boring tool comprising:
forming the earth-boring tool of any one of Embodiments 17 through 21, 29, and 30
{(Embodiments 29 and 30 below).

Embodiment 27: A method of drilling a formation using an earth-boring tool,
the method comprising: drilling the formation using an earth-boring tool comprising at
feast one cutting element of any one of Embodiments 1 through 16.

Embodiment 28; A method of drilling a formation using an earth-boring fool,
the method comprising: drilling the formation using the earth-boring tool of any one of
Embodiments 17 through 21, 29, and 30 (Embodiments 29 and 30 below).

Embodiment 2%: The earth-boring tool of any one of Embodiments 17 through
21, further comprising at least one alignment feature in or on the body with which the
first flank surface and the second flank surface of the at least one cutting element of the
plurality of cutiing elements are aligned.

Embodiment 30; The earth-boring tool of any one of Embodiments 17 through
21 and 29, wherein each of the first flank surface and the second flank surface is
substantially flat.

While the present disclosure has been described herein with respect to certain
embodiments, those of ordinary skill in the art will recognize and appreciate that it is
not so limited. Rather, features from one embodiment may be combined with features

of another embodiment while still being encompassed within the scope of the present
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disclosure as contemplated by the inventor. Furthermore, many additions, deletions and
modifications to the embodiments described herein may be made without departing

from the scope of the invention as hereinafter claimed, including legal equivalents.

15
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What is claimed 1is:

1. A fixed-cutter earth-boring rotary drill bit, comprising:

a bit body bearing fixed blades; and

cutting elements secured to the fixed blades of the bit body,
at least some of the cutting elements comprising:

a substrate base comprising a substantially cylindrical
outer side surface and a longitudinal axis substantially
parallel to the substantially cylindrical outer side sur-
face; and

a cutting tip comprising:
an elongated surface defining a longitudinal end of the

cutting 11p;

a first generally conical surface extending from proxi-
mate the substrate base to the elongated surface;

a second generally conical surface extending from
proximate the substrate base to the elongated surface,
the second generally conical surface opposite the first
generally conical surface;

a first generally flat surface extending between the first
generally conical surface, the second generally coni-
cal surface, and the elongated surface;

a second generally flat surface extending between the
first generally conical surface, the second generally
conical surface, and the elongated surface, the second
generally flat surface opposite the first generally flat
surface; and

a central axis extending through the cutting tip from an
interface between the substrate base and the cufting
tip to a central location on the elongated surface;

wherein a width of the longitudinal end of the cutting tip
varies along a length of the elongated surface; and

wherein at least some of the cutting elements are posi-
tioned such that at least one of the first generally conical
surface or the second generally conical surface mitially
engages a formation to be bored with the fixed-cutter
earth-boring rotary drill bit by being oriented 1 a back
raked position and each of the first generally flat surface
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and the second generally flat surface of the cutting tip is

configured 1o stabilize the respective culting element

witlhiily at least one groove cunt in the fornmaltion.

2. The fixed~cutter earth-boring rotary drill bit of claim 1,
wherein the substrate base of the culting element comprises a
first material suad the cutting tip of the cutting element coni~
prises a second material different than the Rrst maaterial.

3. The fixed-cutter earth-boring rotary drill bit of claina 2,
wherein the first material comprises a cemented carbide
material and the second material comprises anx abrasion resis-
rant polycrystalline diamond material.

4. The fixed-cutter earth-boring rotary drill bit of claia 1,
wherein the substrate base of the cutting element comprises at
least one chamfer around a longitudinal end thercecol opposite
the cutting, tip-

5. The fixed~cutter earth-boring rotary drill bit of clainy 4,
wherein the at least one chamifer comprises a frst chamder
extending around the substrate base between a lateral side
surface ofthe substrate base and a second chamfer, the second
chamflfer extending arcound the substrate base belween the [irst
chamifer and the longitudinal end of the substrate basc oppo-~
site the cutlting tip.

6. The fixed-cutter earth-borng rotary drill bit of claim 1,
wherein the first generally condcal surface of the cutting tip
and the second generally conical surface of the cutting tip are
oriented genarally syinmetrically with respect to each other
about the contral axkis of the cutting tip.-

7. The fixed-cutler eaxth-boring rotary drill bit of ¢laim 1.,
wherein the elongated surface defining the longitudinal end
of the cutting Tip is generally arcuante having a point of origin
of a radius centered along the longitudinal axis of the sub-
strate base of the cutting element.

8. The fixed-cutter earth-boring rotary drill bit ot claim 1,
wherein the width of the longitudinal end of the cutting tip is
narrovwer in a central region than in a radially outer regionn.

. A fixed-cutter earth-boring rotary drill bit, comprising:

a bit body comprising fixed blades; and

cutting elements secured to the fixed blades of the bit body,

at least sopae of the cutting, clements cormprising:

A substantially ecyvlindrical substrate base: and

a cutting tip secured to the substrate base, the curting tip

comprising:

an elongated surface defining a Iongitudinal end of the
cutting tip;

a first generally conical surface extending fromy proxi-
mate the substrate base toward the longitudinal end of
tlhhe cutting tip;

an opposing second generally conical surface extending
from proximate the substrate base toward the longi-
tudinal end of the cutting tip;

a first fank surface extending between the first generally
conical surface and the opposing second generally
conical surface and extending froma proximate the
subsirate base loward the longitudinal end of the cut-
ting tip: and

an opposing second flanik surface exrending botween the
frst generally conlcal surlace and the opposing sec-
ond generally comnical surface and extending from
proximate the substrate base toward the longitudinal
end of the cutting tip:;

whercin the elongated surface defining the longitadinal

end of the cutting, tip is relatively more narrow in oa

central regiox thereof thhan in a radially outer region
thhereof; and

wherein at least some of the cutting elemments are back

raked to provide initial engagement with one of the first

generally conical surface and the opposing second gen-
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erally conical surface with a formation to be bored by the

bit body and eaclhh ofthe first flank surface and the oppos-

ing second {lank surface of the culling ip is confAgured
to stabilize the respective cutting element within at least
one groove cut in the formation.

1 0. The fixed-cutter ecarth-boring rotary drill bit of claimnm 9,
wherein each of the first flank surface and the opposing scc-~
ond flank surface is substantially flat.

1 1. The fixed-cutter earth-boring rotary drill bit of claim 9,
wherein the first generally conical surface of the cutting tip
and the opposing second generally conical swurface of the
cutting tip arce coextensive.

12. The fixed-cutter carth-boring, rotary drill bit ofclaim 9,
wherein the elongated surface defining the longitudinal end
of the cutting tip Ixas a convex arcuate shape.

13. A fixed-culter carth-boring tool, comprising:

a fixed-cutter tool body:; auxd

cutting elements attached 1o the fixed-cutter tool body, at

least some of the cutting elements comprising:

a substantially cylindrical substrate base; and

a cutting tip comprising:

a first generally conical surface extending from proxi-
mate the subsuate base to a longitudinal end of the
cutlting tip:

a second generally conical surface extending Irom
proximate the substrate basce to the longitudinal end of
the cutting tip. the second genecerally conical surface
opposite the first generally conical surface relative to
a longitudinal axis of the cutting tip;

a first flank surface extending from proximate the sub-
strate base to the longitudinal end of the cutting, tip
and extending between the first generally conical sur-
face and the second generally conical surface; and

a second flank surface extending from proximate the
substrate base to the longitudinal end ofthe cutting tip
and extending between the first generally conical sur-
face and the second generally conical surface, the
seccond Alank surface opposite the first flank surface
relative to the longitudinal axis of the cutting tip:

wherein an elongated surface defining the longitudinal
end of the cutling tip is relatively more narcow in a
central region thereof than in a radially outer region
thereof; and

wherein at least one cutting element is oriented relative to

the fixed-cutter tool body such that the cutting tip of the
at least one cutting element is back raked aund configured
to initially engage a formation to be bored by the fixed-
cutter earth-boring tool with one of the first generally
conical surface and the second generally conical surface
of the at least one cutting elexment and eaclh of the first
flank surface and the second flank surface of the cutting
tip 1s configured to stabilize the respective cutting ele-
ment within at least one groove cut in the fommation.

14. The fixed-cutter earth-boring tool of claiin 13, wherein
the cutting tip of the at least one cutting eclement comprises a
Jongitudinal axis extending centrally through the cutting tip
from proximate the subsirate base to the longitudinal end of
the cuttinng tip thatis co-linear witly a longitudinal axis extend-
ing centrally through the substrate base.

15. The fixed-cutter carth-boring tool of claim 13, whercin
at least some of the cultting elements are oriented relative to
the fixed-cutter tool body such that the cutting tip of eaclh
cutting element is back raked and configured to initially
engage the formation to be bored by the fixed-cutter earth-
boring tool with one of the first generally conical surface and
the second generally conical surface of each cutting element.
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16. The fixed-cutter earth-boring tool of clamm 13, wherein
(he fixed-cutter earth-bormg tool s a fixed-cutter rotary drill
bit,

17. The fixed-cutter earth-boring tool of claim 13, wherein
the first generally conical surface of the cutting tip and the
second generally conical surface of the cutting tip are oriented
generally symmetrically with respect to each other about the
longitudinal axis of the cuttmg tip.

18. The fixed-cutter earth-boring tool of claim 13, wherein
the substantially cylindrical substrate base of the cutting ele-
ments comprises a first substantially uniform material and the
cutting tip of the cutting elements comprises a second abra-
sion resistant material different than the first substantially
uniform material.

19. The fixed-cutter earth-boring tool of claim 18, wherein
each of the first flank surface and the second flank surface of
the cutting tip 15 larger i area relative {o a leading cutting
edge of the cutting tip.



