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SHAPED CUTTING ELEMENTS ON DRILL BITS AND OTHER
EARTH-BORING TOOLS, AND METHODS OF FORMING SAME

PRIORITY CLAIM
This application claims the benefit of the filing date of U.S. Provisional Patent
Application Serial No. 61/301,946, filed February 5, 2010, entitled “Shaped Backup
Cutting Elements on Drill Bits and Other Earth-Boring Tools, and Methods of Forming

Same.”

TECHNICAL FIELD
Embodiments of the present disclosure relate to earth-boring tools, such as
earth-boring rotary drill bits, and, more particularly, to earth-boring rotary tools having

cutting elements attached to an outer surface of a body thereof.

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 a drill bit such as, for example, an
earth-boring rotary drill bit. Different types of earth-boring rotary drill bits are known
in the art including, for example, fixed-cutter bits (which are often 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 cutters or abrasive structures
thereof cut, crush, shear, and/or abrade away the formation material to form the
wellbore. A diameter of the wellbore drilled by the drill bit may be defined by the
cutting structures disposed at the largest outer diameter of the drill bit.

The 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 and extends into the wellbore from the surface of the
formation. 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.
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This assembly of tools and components is referred to in the art as a “bottom hole
assembly” (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 bit to a
downhole motor, which is also coupled to the drill string and disposed proximate the
bottom of the wellbore. The downhole motor may comprise, for example, a hydraulic
Moineau-type motor having a shaft, to which the 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.

It is known in the art to use what are referred to in the art as a “reamer” devices
(also referred to in the art as “hole-opening devices” or “hole openers”) in conjunction
with a drill bit as part of a bottom hole assembly when drilling a wellbore in a
subterranean formation. In such a configuration, the drill bit operates as a “pilot” bit to
form a pilot bore in the subterranean formation. As the drill bit and bottom hole
assembly advances into the formation, the reamer device follows the drill bit through
the pilot bore and enlarges the diameter of, or “reams,” the pilot bore.

The bodies of earth-boring tools, such as drill bits and reamers, are often
provided with fluid courses, such as “junk slots,” to allow drilling mud (which may
include drilling fluid and formation cuttings generated by the tools that are entrained
within the fluid) to pass upwardly around the bodies of the tools into the annular

shaped space within the wellbore above the tools outside the drill string.

DISCLOSURE
In some embodiments, the present disclosure includes earth-boring tools. The
tools include a body, at least one blade projecting outwardly from the body, and a
plurality of cutting elements carried by the at least one blade. The cutting elements
include at least one shearing cutting element and at least one gouging cutting element
located rotationally behind the at least one shearing cutting element on the at least one

blade. The at least one shearing cutting element comprises an at least substantially
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planar cutting face positioned and oriented for shearing a subterranean formation when
the earth-boring tool is rotated under applied force to form or enlarge a wellbore. The
at least one gouging cutting element comprises a cutting face positioned and oriented
for at least one of crushing and gouging a subterranean formation when the
earth-boring tool is rotated under applied force to form or enlarge a wellbore.

In additional embodiments, the present disclosure includes methods of forming
an earth-boring tool. A shearing cutting element comprising an at least substantially
planar cutting face may be mounted to a body of an earth-boring tool. The shearing
cutting element may be located and oriented on the body of the earth-boring tool for
shearing a subterranean formation when the earth-boring tool is used to form or enlarge
a wellbore. A backup gouging cutting element comprising a non-planar cutting face
may be mounted to the body of the earth-boring tool. The backup gouging cutting
element may be located and oriented on the body of the earth-boring tool for at least
one of crushing and gouging a subterranean formation when the earth-boring tool is
used to form or enlarge a wellbore. The backup gouging cutting element may be
positioned on the body of the earth-boring tool such that the backup gouging cutting
element will gouge formation material substantially within a kerf cut in the formation
material by the shearing cutting element.

In some embodiments, the disclosure includes a method of forming an
earth-boring tool, comprising mounting a plurality of shearing cutting elements, each
comprising an at least substantially planar cutting face to a body of an earth-boring
tool. The method may comprise locating and orienting each shearing cutting element
of the plurality on the body of the earth-boring tool for shearing a subterranean
formation when the earth-boring tool is used to form or enlarge a wellbore. The
method may comprise mounting a gouging cutting element comprising a non-planar
cutting face to the body of the earth-boring tool. The method may also comprise
positioning the gouging cutting element on the body of the earth-boring tool such that
the gouging cutting element will gouge formation material between kerfs cut in the

formation material by the plurality of shearing cutting elements.
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BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and
distinctly claiming what are regarded as embodiments of the present disclosure, various
features and advantages of this disclosure may be more readily ascertained from the
following description of example embodiments of the disclosure provided with
reference to the accompanying drawings, in which:

FIG. 1 is a perspective view of an embodiment of an earth-boring tool of the
present invention comprising a rotary fixed-cutter drill bit that includes shearing cutting
elements and gouging cutting elements on blades thereof;

FIGS. 2A through 2C are views of the another earth-boring tool of the present
nvention;

FIG. 2D is a cross-sectional view of a blade of the tool shown in FIGS. 2A
through 2C, taken along section line 32-32 in FIG. 2B;

FIG. 3 is a partially cut-away perspective view of a shearing cutting element
that may be used in embodiments of earth-boring tools of the present invention, such as
the drill bit of FIG. 1;

FIG. 4 illustrates a cross-sectional view of a dome-shaped gouging cutting
element that may be used as a cutting element in embodiments of earth-boring tools of
the present invention, such as the drill bits of FIGS. 1 and 2A through 2D;

FIG. 5 illustrates a cross-sectional view of a cone-shaped gouging cutting
element that may be used in embodiments of earth-boring tools of the present
invention, such as the drill bits of FIGS. 1 and 2A through 2D;

FIGS. 6A and 6B are enlarged partial views of shearing cutting elements and
gouging cutting elements of the drill bit of FIG. 1;

FIGS. 7A and 7B are enlarged partial views like those of FIGS. 6A and 6B
illustrating different gouging cutting elements that may be used in additional
embodiments of earth-boring tools of the invention;

FIGS. 8A and 8B are enlarged partial views illustrating additional, different
gouging cutting elements that may be used in further embodiments of earth-boring
tools of the invention; and

FIG. 9 is a cutting element layout drawing of a drill bit of some embodiments

of the invention.



WO 2011/097575 PCT/US2011/023922

10

15

20

25

30

MODE(S) FOR CARRYING OUT THE INVENTION

The illustrations presented herein are not actual views of any particular
earth-boring tool, drill bit, or component of such a tool or bit, but are merely idealized
representations that are employed to describe embodiments of the present disclosure.

As used herein, the term earth-boring tool means and includes any tool used to
remove formation material and form a bore (e.g., a wellbore) through the formation by
way of the removal of a portion 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 cutters and roller elements, coring bits,
percussion bits, bi-center bits, casing mills and drill bits, exit tools, reamers (including
expandable reamers and fixed-wing reamers), and other so-called “hole-opening” tools.

As used herein, the term “cutting element” means and includes any element of
an earth-boring tool that is used to cut or otherwise disintegrate formation material
when the earth-boring tool is used to form or enlarge a bore in the formation.

As used herein, the term “shearing cutting element” means and includes any
cutting element of an earth-boring tool that has an at least substantially planar cutting
face that is configured to be located and oriented on the earth-boring tool for cutting
formation material at least primarily by a shearing mechanism when the earth-boring
tool is used to form or enlarge a bore in the formation.

As used herein, the term “gouging cutting element” means and includes any
cutting element of an earth-boring tool that has a non-planar cutting face that is
configured to be located and oriented on the earth-boring tool for cutting formation
material at least primarily by at least one of a gouging and a crushing mechanism when
the earth-boring tool is used to form or enlarge a bore in the formation.

As used herein, the term “backup cutting element” means and includes any
cutting element of an earth-boring tool that is positioned and configured to rotationally
follow another cutting element of the tool, such that the backup cutting element will
engage formation material within a kerf previously cut in the formation material by the
shearing cutting element. A backup cutting element and a corresponding primary

cutting element (i.e., the cutting element that is “backed up” by the backup cutting
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element) may both be positioned an equal distance from a longitudinal axis of the
earth-boring tool to which they are mounted (i.e., at the same radial position).

As used herein, the term “backup gouging cutting element” means a cutting
element that is both a gouging cutting element and a backup cutting element.

FIG. 1 illustrates an embodiment of an earth-boring tool of the present
disclosure. The earth-boring tool of FIG. 1 is a fixed-cutter rotary drill bit 10 having a
bit body 11 that includes a plurality of blades 12 that project outwardly from the bit
body 11 and are separated from one another by fluid courses 13. The portions of the
fluid courses 13 that extend along the radial sides (the “gage” areas of the drill bit 10)
are often referred to in the art as “junk slots.” The bit body 11 further includes a
generally cylindrical internal fluid plenum and fluid passageways that extend through
the bit body 11 to the exterior surface of the bit body 11. Nozzles 18 may be secured
within the fluid passageways proximate the exterior surface of the bit body 11 for
controlling the hydraulics of the drill bit 10 during drilling. A plurality of cutting
elements is mounted to each of the blades 12. The plurality of cutting elements
includes shearing cutting elements 40 and gouging cutting elements 50. The shearing
cutting elements 40 may be mounted along a rotationally leading surface 14 of the
blade 12, such as along an intersection of the rotationally leading surface 14 with an
exterior surface 16 of the blade 12. The gouging cutting elements 50 may be mounted
along the exterior surface 16 of the blade 12. The gouging cutting elements 50 may be
mounted to the blades 12 rotationally behind the shearing cutting elements 40 on the
blades 12. The gouging cutting elements 50 may be redundant with the shearing
cutting elements 40. In other words, a gouging cutting element 50 may be a backup
gouging cutting element, located at the same longitudinal and radial position in the
cutting element profile as a corresponding shearing cutting element 40, such that the
backup gouging cutting element will at least substantially follow a path of a
corresponding shearing cutting element 40 (i.e., will gouge formation material
substantially within a kerf cut in the formation material by shearing cutting element
40). Each redundant pair including a shearing cutting element 40 and a backup
gouging cutting element may be located on a common blade 12, or on different blades
12 of the drill bit 10. In embodiments in which a shearing cutting element 40 and a

backup gouging cutting element of a redundant pair are located on different blades 12
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of the drill bit 10, the backup gouging cutting element may still directly follow the
shearing cutting element 40 within the kerf cut in the formation by the shearing cutting
element 40. In some embodiments, gouging cutting elements 50 may be radially offset
from shearing cutting elements 40 (i.e., gouging cutting elements 50 may not follow
paths formed by shearing cutting elements 40, but instead follow their own unique
paths).

During a drilling operation, the drill bit 10 may be coupled to a drill string (not
shown). As the drill bit 10 is rotated within the wellbore, drilling fluid may be pumped
down the drill string, through the internal fluid plenum and fluid passageways within
the bit body 11 of the drill bit 10, and out from the drill bit 10 through the nozzles 18.
Formation cuttings generated by the cutting elements 40, 50 of the drill bit 10 may be
carried with the drilling fluid through the fluid courses 13, around the drill bit 10, and
back up the wellbore through the annular space within the wellbore outside the drill
string.

FIG. 2A is another embodiment of a drill bit 10" according to the disclosure.
The blades 12 of the drill bit 10’ may be primary blades 20 or secondary blades 22.
Primary blades 20 are those blades 12 that that extend over the face of the bit body 11
proximate to the center rotational axis of the drill bit 10". Secondary blades 22 do not
extend proximate to the center rotational axis of the drill bit 10". The drill bits 10,
10" shown in FIGS. 1 and 2A each have three primary blades 20 and three secondary
blades 22. A person having ordinary skill in the art will recognize that drill bits may
have any number of primary blades 20 and secondary blades 22, and that the number
of primary blades 20 need not equal the number of secondary blades 22. Shearing
cutting elements 40 and gouging cutting elements 50 may be disposed on primary
blades 20 and/or on secondary blades 22. In some embodiments, gouging cutting
elements 50 are disposed only on primary blades 20, whereas shearing cutting
elements 40 are disposed on both primary blades 20 and secondary blades 22.

FIG. 2B is another view of a portion of the drill bit 10’ shown in FIG. 2A.
Regions of the blades 12 may be referred to herein and in the art as a cone region 24,
a nose region 26, and a shoulder region 28. Shearing cutting elements 40 and/or
gouging cutting elements 50 may be disposed within the cone region 24, the nose

region 26, and/or the shoulder region 28. Primary blades 20 may include all three
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regions (cone region 24, nose region 26, and shoulder region 28). Secondary blades
22 may include only nose regions 26 and shoulder regions 28.

FIG. 2C is a view of a portion of the drill bit 10’ shown in FIGS. 2A and 2B,
indicating paths 30 of shearing cutting elements 40 and gouging cutting elements 50.
The paths 30 form circular or helical arcs as the drill bit 10’ rotates. Each gouging
cutting element 50 may follow a path 30 of a shearing cutting element 40, or may
follow its own unique path 30. In other words, the path 30 of a gouging cutting
element 50 may be offset from or between paths 30 of shearing cutting elements 40. In
embodiments in which gouging cutting elements 50 follow paths 30 of shearing cutting
elements 40 (i.e., embodiments in which some gouging cutting elements 50 are backup
gouging cutting elements), gouging cutting elements 50 may follow paths 30 of
shearing cutting elements 40 disposed on the same blade 12 or on different blades 12.

FIG. 2D is a cross-sectional view of a portion of the drill bit 10’ taken along
line 32-32 in FIG. 2B. Shearing cutting elements 40 may be mounted with a positive
back rake angle 34, as shown in FIG. 2D, with a neptral back rake angle, or with a
negative back rake angle (i.e., a forward rake angle) of their respective cutting faces
45. The shearing cutting elements 40 also may be mounted at various side rake
angles. Similarly, the gouging cutting elements 50 may be mounted at various back
rake angles 36, and side rake angles, or with both back rake angles 36 and side rake
angles. The gouging cutting elements 50 may be mounted with a forward rake angle
36 of from about zero degrees (0°) to about ninety degrees (90°). In some
embodiments, the forward rake angle 36 may be greater than approximately fifteen
degrees (15°), or may be about forty-five degrees (45°). If the gouging cutting
element 50 has a forward rake angle 36 (i.e., not a back rake angle or a neutral back
rake angle), the gouging cutting element 50 will “lean into the formation” (i.e. the
portion of the gouging cutting element 50 configured to engage formation material will
lead a distal end of the gouging cutting element 50 as the drill bit 10’ rotates). In
addition, the gouging cutting elements 50 may be mounted with their respective
longitudinal axes “tilted” to one side or another from the perpendicular (i.e., the
gouging cutting elements 50 may have side rake angles). Of course, the forward rake
angle 36 of gouging cutting elements 50 is offset from a forward rake angle of cutting

faces 55 due to the cone angle of the cutting face 55.
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Cutting elements 40, 50 may be mounted with side rake angles, such as to
simplify tooling. For example, a cylindrical body of a gouging cutting element 50 may
be offset from a desired path 30, yet due to the side rake angle, the cutting face 55 may
still follow the desired path 30. By varying the side rake angle of cutting elements 40,
50, paths 30 of the cutting elements 40, 50 may be spaced more tightly in some areas
than in other areas. In other words, near a target area (the area in which many gouging
cutting elements 50 are desired), gouging cutting elements 50 may have side rake
angles facing toward the target area, placing the cutting faces 55 within the target area.
In embodiments in which cylindrical bodies of the gouging cutting elements 50 are
configured to rotationally follow other cutting elements 40, 50, a side rake angle may
allow the cutting faces 55 to follow paths 30 different from the paths 30 of the cutting
elements 40, 50 being followed. For example, a path 30 of a gouging cutting element
50 having a side rake angle may be rotationally outside a path 30 of a cutting element
40, 50 which the gouging cutting element 50 is configured to rotationally follow.

In some embodiments, gouging cutting elements 50 may be configured to
engage formation material at a point deeper in the formation than the shearing cutting
elements 40. That is, the gouging cutting elements 50 may have an over-exposure 38
to the formation with respect to the shearing cutting elements 40. In other
embodiments, the gouging cutting elements 50 and the shearing cutting elements 40
may be arranged such that there is no over-exposure 38. The over-exposure 38 (if any)
may be from zero to about 2.54 mm. For example, the over-exposure 38 may be about
1.27 mm. In some embodiments, the gouging cutting elements 50 have an
under-exposure to the formation with respect to the shearing cutting elements 40. The
under-exposure (if any) may be from zero to about 2.54 mm.

FIG. 3 is a perspective view of a partially cut-away shearing cutting element 40
of the drill bits 10, 10’ of FIGS. 1 and 2A through 2D. The shearing cutting element 40
includes a cutting element substrate 42 having a diamond table 44 thereon. The
diamond table 44 may comprise a polycrystalline diamond (PCD) material, and may
have an at least substantially planar cutting face 45 (although the interface between the
diamond table 44 and the substrate 42 may be non-planar, as known in the art).
Optionally, the diamond table 44 may have a chamfered edge 46. The chamfered edge
46 of the diamond table 44 shown in FIG. 3 has a single chamfer surface 48, although
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the chamfered edge 46 also may have additional chamfer surfaces, and such additional
chamfer surfaces may be oriented at chamfer angles that differ from the chamfer angle
of the chamfer surface 48, as known in the art. The cutting element substrate 42 may
have a generally cylindrical shape, as shown in FIG. 3. The diamond table 44 may
have an arcuate, or “radiused” edge or edge portion in lieu of, or in addition to, one or
more chamfered surfaces at a peripheral edge, as known to those of ordinary skill in the
art.

The diamond table 44 may be formed on the cutting element substrate 42, or
the diamond table 44 and the substrate 42 may be separately formed and subsequently
attached together. The cutting element substrate 42 may be formed from a material
that is relatively hard and resistant to wear. For example, the cutting element substrate
42 may be formed from and include a ceramic-metal composite material (often referred
to as “cermet” materials). The cutting element substrate 42 may include a cemented
carbide material, such as a cemented tungsten carbide material, in which tungsten
carbide particles are cemented together in a metallic matrix material. The metallic
matrix material may include, for example, cobalt, nickel, iron, or alloys and mixtures
thereof. In some instances, a cutting element substrate 42 may comprise two pieces,
the piece immediately supporting the diamond table 44 and on which the diamond
table 44 has been formed being bonded to another, longer piece of like diameter. In
any case, shear cutting elements 40 are secured in pockets in blades 12 as depicted in
FIG. 1, such as by brazing.

As a shearing cutting element 40 cuts formation material, the formation
cuttings generally are deflected over and across the substantially planar cutting face 45
of the shearing cutting element 40 in a single direction generally away from (e.g.,
perpendicular to) the surface of the formation.

FIG. 4 is a cross-sectional view of a gouging cutting element 50 of the drill bits
10, 10" of FIGS. 1 and 2A through 2D. The gouging cutting element 50 includes a
cutting element substrate 52 having a diamond table 54 thereon. The diamond table 54
may comprise a polycrystalline diamond (PCD) material, and may have a non-planar
cutting face 55. The gouging cutting element 50 of FIG. 4 has a substantially
dome-like shape, which may also be characterized as a convex-frustoconical shape,

with an outwardly bowing surface. In other words, the cutting face 55 of the diamond



WO 2011/097575 PCT/US2011/023922

10

15

20

25

30

11

table 54 may have a substantially dome-like shape. The cutting element substrate 52
may be generally similar to the cutting element substrate 42 of FIG. 3, and may be
generally cylindrical and formed from the materials previously mentioned in relation to
the cutting element substrate 42. Furthermore, the diamond table 54 may be formed on
the cutting element substrate 52, or the diamond table 54 and the substrate 52 may be
separately formed and subsequently attached together.

As discussed previously, the gouging cutting element 50 may be a backup
gouging cutting element. As a backup gouging cutting element cuts formation material
substantially within a kerf cut in the formation material by a corresponding shearing
cutting element 40, the formation cuttings generally are deflected over and around the
non-planar cutting face 55 of the backup gouging cutting element in several directions,
including to the lateral sides of the backup gouging cutting element in directions
generally parallel to the surface of the formation. As used in the context of the action
of backup gouging cutting elements, the term “substantially within” encompasses a
gouging or crushing cutting action on the formation material at the bottom of the kerf
formed by a rotationally leading shearing cutting element 40, on formation material on
one or both sides of the kerf, or on formation material of both the bottom and sides of
the kerf. Further, the cutting action may be upon previously uncut formation material,
formation material which has been sheared from the formation, or both. Gouging
cutting elements 50 may also be placed laterally between two preceding shearing
cutting elements, to gouge and crush uncut formation material laterally between kerfs
cut by those cutting elements.

FIG. 5 is a cross-sectional view of another gouging cutting element 50' that
may be used on embodiments of earth-boring tools of the present disclosure, such as
the drill bit 10 of FIG. 1. The gouging cutting element 50' is substantially similar to the
gouging cutting element 50 of FIG. 4, but has a substantially frustoconical shape, with
a rounded outer end, instead of a substantially dome-like shape. In other words, a
cutting face 55' of a diamond table 54' of the gouging cutting element 50' may have a
frustoconical shape. The gouging cutting element 50’ may be used in place of any or
all of gouging cutting elements 50 in the drill bit 10 shown in FIG. 1.

Many different types of gouging cutting elements are known in the art and may

be employed as gouging cutting elements in embodiments of earth-boring tools of the
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present disclosure. For example, U.S. Patent No. 5,890,552 (issued April 6, 1999 and
is entitled “Superabrasive-tipped Inserts for Earth-Boring Drill Bits”) and U.S. Patent
Application Publication No. US 2008/0035387 A1 (published February 14, 2008 and is
entitled “Downhole Drill Bit”), the disclosures of which are incorporated herein in their
entireties by this reference, disclose various configurations of gouging cutting elements
that may be employed in embodiments of earth-boring tools of the present disclosure.
Furthermore, two or more gouging cutting elements having different shapes may be
employed on the same earth-boring tool, and may be mounted on a common blade of
an earth-boring tool, in accordance with further embodiments of the disclosure.
Gouging cutting elements of embodiments of the present disclosure may be designed,
shaped, and otherwise configured to provide a cutting action during drilling, as
opposed to merely providing a bearing function or a depth-of-cut limiting function for
limiting a depth-of-cut of the shearing cutting elements.

Referring again to FIG. 1, a plurality of cutting elements is mounted to each of
the blades 12. The plurality of cutting elements includes shearing cutting elements 40,
as well as gouging cutting elements 50. As shown in FIG. 1, the number of gouging
cutting elements 50 may be fewer than the number of shearing cutting elements 40. In
configurations in which gouging cutting elements 50 are backup gouging cutting
elements, not all of the shearing cutting elements 40 need have corresponding backup
gouging cutting elements. Gouging cutting elements 50 may be secured in sockets, as
depicted in FIG. 1, such as by brazing. Further, and as shown in FIG. 2D, cutting
elements 50 may be recessed within the sockets to the same or varying depths, to
provide a desired degree of exposure above the surrounding surface of a blade 12.

The shearing cutting elements 40 mounted to each blade 12 may extend along
the blade 12 in arow. Each of the gouging cutting elements 50 may be mounted on a
blade 12 located directly rotationally behind a shearing cutting element 40. The
gouging cutting elements 50 also may be mounted in rows. In some embodiments,
however, the gouging cutting elements 50 in a common row may be staggered in
position relative to one another along the common row to provide sufficient space
between one another to allow for positioning of the gouging cutting elements 50 at
desirable positions, back rake angles, and side rake angles. In other words, gouging

cutting elements 50 may be positioned rotationally in front of, or rotationally behind,
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one or more other adjacent gouging cutting elements 50 in the common row to provide
adequate spacing therebetween.

Furthermore, although only one row of gouging cutting elements 50 is
illustrated on each blade 12 in the figures, in additional embodiments of the disclosure,
two, three, or more rows of gouging cutting elements 50 may be provided on one or
more blades 12. In some embodiments, rows of cutting elements on one or more
blades 12 may include a mixture of shearing cutting elements 40 and gouging cutting
elements 50, such as, for example, rows of cutting elements as described in U.S. Patent
Application Serial No. 12/793,396, filed June 3, 2010, and entitled “Earth-Boring
Tools Having Differing Cutting Elements on a Blade and Related Methods,” the entire
disclosure of which is incorporated herein by reference.

FIGS. 6A and 6B are enlarged views of two groups of gouging cutting
elements 50, 50" drill bit 10 of FIG. 1 and FIGS. 4 and 5, respectively. The gouging
cutting elements 50, 50’ are mounted to a blade 12 of the bit body 11 at a location
within a shoulder region 28 along the profile of the blade 12. In additional
embodiments of the disclosure, gouging cutting elements 50, 50’ may be mounted in
any of a cone region 24, a nose region 26, a shoulder region 28, and a gage region of a
profile of a blade 12 of a drill bit 10. For example, in some embodiments, the gouging
cutting elements 50, 50’ may be mounted only in a nose region 26 and a shoulder
region 28, with not gouging cutting elements 50, 50’ in a cone region 24. In some
embodiments, the gouging cutting elements 50, 50’ may be mounted only in a shoulder
region 28.

FIGS. 7A and 7B are enlarged views of another embodiment of a drill bit 100
that is substantially similar to the drill bit 10 of FIG. 1, and includes a bit body 11 and
blades 12. The drill bit 100, however, includes gouging cutting elements 102 that have
a pyramidal shape. The gouging cutting elements 102 have four generally planar side
surfaces 104, which may also be termed “facets,” that converge at a radially outward
pointed apex 106. Adjacent side surfaces 104 may have smaller facets laterally
therebetween, or rounded surfaces.

FIGS. 8A and 8B are enlarged views of another embodiment of a drill bit 200
that is substantially similar to the drill bit 10 of FIG. 1, and includes a bit body 11 and
blades 12. The drill bit 200, however, includes gouging cutting elements 202 that have
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a chisel shape. The gouging cutting elements 202 have side surfaces 204 that converge
at a radially outward linear apex 206. The gouging cutting elements 202 may be
oriented on the blade 12 such that the linear apexes 206 are oriented generally parallel
to the direction of bit rotation, as shown in FIGS. 8 A and 8B, such that the linear
apexes 206 are oriented generally perpendicular to the direction of bit rotation, or such
that the linear apexes 206 are oriented at an acute angle to the direction of bit rotation.

FIG. 9 shows a schematic partial side cross-sectional view of a drill bit (such as
drill bit 10, shown in FIG. 1), as if all cutting elements 302 (for example, shearing
cutting elements 40 and gouging cutting elements 50) disposed thereon were rotated
onto a single blade protruding from a bit body, extending from a centerline of the bit
body to the gage. Such a view is commonly termed a “cutter layout™ drawing or
“cutting element layout” drawing and may be used to design rotary drill bits, as known
in the art. More particularly, each of the cutting elements 302 is shown in relation to
vertical axis 304 and horizontal axis 306. The vertical axis 304 represents an axis,
conventionally the centerline of the bit, about which the drill bit rotates. The distance
from each cutting element 302 to the vertical axis 304 corresponds to the radial
position of each cutting element on the drill bit. The distance from each cutting
element 302 to the horizontal axis 306 corresponds to the longitudinal position of each
cutting element on the drill bit. Cutting elements 302 may be positioned along a
selected profile 300, as known in the art. As shown in FIG. 9, radially adjacent cutting
elements 302 may overlap one another. Furthermore, two or more cutting elements
302 of a drill bit may be positioned at substantially the same radial and longitudinal
position.

The cutting elements farthest from the vertical axis 304 define a bit diameter
(2r, where r, shown in FIG. 9, is the radius) at a vertical position higher than shoulder
height Hs (also referred to in the art as bit face height or profile height). The bit profile
may be characterized by the ratio of Hg/2r. Bits for which Hg/2r is less than about 0.10
may be referred to as having “flat” profiles, whereas bits for which Hs/2r is greater than
about 0.25 may be referred to as having “curved” profiles. Gouging cutting elements
50 (FIG. 1) may have a larger effect on drilling efficiency in drill bits with flat profiles
than on drilling efficiency in drill bits with curved profiles. However, a person having

ordinary skill in the art will recognize that profiles 300 may have various curvatures at
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different coordinates along the profile 300. In other words, the “flat” and “curved”
nomenclature are generalizations that may not account for all the features of bit profile.
Nevertheless, the ratio Hg/2r may be useful for determining whether existing drill bits
are likely to exhibit improved efficiency through the use of embodiments of the present
disclosure. In some embodiments of the present disclosure, drill bits may have a bit
profile of from about 0.25 to about 0.75 (i.e., may have a curved profile). In other
embodiments, drill bits may have a bit profile of from about 0.02 to about 0.10 (i.e.,
may have a flat profile). In yet other embodiments, drill bits may have a bit profile of
from about 0.10 to about 0.25.

In each of the embodiments described herein, the gouging cutting elements
may have or exhibit an exposure equal to or different from an exposure of
corresponding shearing cutting elements. As used herein, the term “exposure” has the
same ordinary meaning used in the art, and means the maximum distance that the
cutting element extends outwardly from the immediately surrounding surface of the
blade (or another surface) on which the cutting element is mounted. For example, in
some embodiments, the gouging cutting elements may have an exposure greater than
an exposure of the corresponding shearing cutting elements (i.e., the gouging cutting
elements may have an over-exposure with respect to corresponding shearing cutting
elements). In additional embodiments, the gouging cutting elements may have an
exposure less than an exposure of the corresponding shearing cutting elements (i.e., the
gouging cutting elements may have an under-exposure with respect to corresponding
shearing cutting elements). In yet further embodiments, the gouging cutting elements
may have an exposure substantially equal to an exposure of the corresponding shearing
cutting elements.

Earth-boring tools that include shearing cutting elements and gouging cutting
elements may benefit from the different cutting actions of both the shearing cutting
elements and the gouging cutting elements. Embodiments of earth-boring tools of the
present disclosure, such as the drill bit 10 of FIG. 1, may exhibit improved drilling
efficiency during drilling by allowing cuttings to flow easily around the gouging
cutting elements. Additionally, the gouging and crushing cutting action of the gouging

cutting elements may complement the shearing cutting action of the shearing cutting
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elements, and the combination of cutting mechanisms may result in a synergistic effect
that may result in improved drilling efficiency and improved tool stability.

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

Embodiment 1: An earth-boring tool, comprising a body, at least one blade
projecting outwardly from the body, and a plurality of cutting elements carried by the
at least one blade. The plurality of cutting elements comprises at least one shearing
cutting element comprising an at least substantially planar cutting face positioned and
oriented for shearing a subterranean formation when the earth-boring tool is rotated
under applied force against the subterranean formation; and at least one gouging
cutting element located rotationally behind the at least one shearing cutting element on
the at least one blade. The at least one gouging cutting element comprises a cutting
face positioned and oriented for at least one of crushing and gouging the subterranean
formation when the earth-boring tool is rotated under applied force.

Embodiment 2: The earth-boring tool of embodiment 1, wherein the at least
one shearing cutting element comprises a polycrystalline diamond material, and
wherein the at least substantially planar cutting face of the at least one shearing cutting
element comprises a surface of the polycrystalline diamond material.

Embodiment 3: The earth-boring tool of embodiment 1 or embodiment 2,
wherein the at least one gouging cutting element comprises a polycrystalline diamond
material, and wherein the cutting face of the at least one gouging cutting element
comprises a surface of the polycrystalline diamond material.

Embodiment 4: The earth-boring tool of any of embodiments 1 through 3,
wherein the cutting face of the at least one gouging cutting element is non-planar.

Embodiment 5: The earth-boring tool of any of embodiments 1 through 4,
wherein the cutting face of the at least one gouging cutting element is substantially
dome-like in shape.

Embodiment 6: The earth-boring tool of any of embodiments 1 through 4,
wherein the cutting face of the at least one gouging cutting element is substantially
frustoconically shaped.

Embodiment 7: The earth-boring tool of any of embodiments 1 through 6,

wherein the earth-boring tool comprises a fixed-cutter earth-boring rotary drill bit, and
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wherein each of the at least one shearing cutting element and the at least one gouging
cutting element is located in a shoulder region, a nose region, or a cone region of the
fixed-cutter earth-boring rotary drill bit.

Embodiment 8: The earth-boring tool of any of embodiments 1 through 7,
wherein the at least one gouging cutting element is located in a shoulder region or a
nose region of the fixed-cutter earth-boring rotary drill bit.

Embodiment 9: The earth-boring tool of any of embodiments 1 through 8§,
wherein the at least one gouging cutting element is positioned to follow a path of the at
least one shearing cutting element when the earth-boring tool is rotated under applied
force.

Embodiment 10: The earth-boring tool of any of embodiments 1 through 9,
wherein the at least one blade comprises a plurality of blades, each blade of the
plurality of blades projecting outwardly from the body and carrying a row of cutting
elements, each row of cutting elements comprising shearing cutting elements, each of
the shearing cutting elements comprising a polycrystalline diamond material having an
at least substantially planar cutting face positioned and oriented for shearing a
subterranean formation when the earth-boring tool is rotated under applied force, and
wherein each of at least two blades of the plurality of blades comprises at least two
gouging cutting elements comprising a polycrystalline diamond material having a
cutting face positioned and oriented for at least one of crushing and gouging a
subterranean formation when the earth-boring tool is rotated under applied force.

Embodiment 11: The earth-boring tool of any of embodiments 1 through 10,
wherein the cutting face of each shearing cutting element is at least substantially planar
and the cutting face of each gouging cutting element is substantially dome-like in shape
or substantially frustoconical in shape.

Embodiment 12: The earth-boring tool of any of embodiments 1 through 11,
wherein a shortest distance between a longitudinal axis of the earth-boring tool and a
cutting surface of the at least one gouging cutting element is substantially equal to a
shortest distance between the longitudinal axis of the earth-boring tool and a cutting

surface of the at least one shearing cutting element.
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Embodiment 13: The earth-boring tool of any of embodiments 1 through 12,
wherein the at least one gouging cutting element exhibits an exposure equal to an
exposure of the at least one shearing cutting element.

Embodiment 14: The earth-boring tool of any of embodiments 1 through 12,
wherein the at least one gouging cutting element exhibits an exposure greater than an
exposure of the at least one shearing cutting element.

Embodiment 15: The earth-boring tool of any of embodiments 1 through 12,
wherein the exposure of the at least one gouging cutting element is less than 2.54 mm
greater than an exposure of the at least one shearing cutting element.

Embodiment 16: The earth-boring tool of any of embodiments 1 through 15,
wherein a ratio of a shoulder height of the body to a diameter of the body is 0.10 or
less.

Embodiment 17: The earth-boring tool of any of embodiments 1 through 16,
wherein the at least one blade comprises at least one primary blade, and wherein the at
least one gouging cutting element is disposed on the at least one primary blade.

Embodiment 18: A method of forming an earth-boring tool, comprising
mounting a shearing cutting element comprising an at least substantially planar cutting
face to a body of an earth-boring tool; locating and orienting the shearing cutting
element on the body of the earth-boring tool for shearing a subterranean formation
when the earth-boring tool is used to form or enlarge a wellbore; mounting a backup
gouging cutting element comprising a non planar cutting face to the body of the
earth-boring tool; locating and orienting the backup gouging cutting element on the
body of the earth-boring tool for at least one of crushing and gouging a subterranean
formation when the earth-boring tool is used to form or enlarge a wellbore; and
positioning the backup gouging cutting element on the body of the earth-boring tool
such that the backup gouging cutting element will gouge formation material within a
kerf cut in the formation material by the shearing cutting element.

Embodiment 19: The method of embodiment 18, wherein positioning the
backup gouging cutting element on the body of the earth-boring tool comprises
positioning the backup gouging cutting element on the body of the earth-boring tool
such that a shortest distance between a longitudinal axis of the earth-boring tool and the

at least one backup gouging cutting element is substantially equal to a shortest distance
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between the longitudinal axis of the earth-boring tool and the at least one shearing
cutting element.

Embodiment 20: The method of embodiment 18 or embodiment 19, further
comprising selecting the body of the earth-boring tool to comprise a bit body of a
fixed-cutter earth-boring rotary drill bit comprising a plurality of blades, and mounting
each of the shearing cutting element and the backup gouging cutting element on a
blade of the plurality of blades.

Embodiment 21: The method of any of embodiments 18 through 20, further
comprising mounting each of the shearing cutting element and the backup gouging
cutting element on a common blade of the plurality of blades.

Embodiment 22: The method of any of embodiments 18 through 21, further
comprising selecting the shearing cutting element to comprise a polycrystalline
diamond material having a surface comprising the at least substantially planar cutting
face.

Embodiment 23: The method of any of embodiments 18 through 22, further
comprising selecting the backup gouging cutting element to comprise a polycrystalline
diamond material having a surface comprising the non planar cutting face.

Embodiment 24: The method of any of embodiments 18 through 23, further
comprising mounting the backup gouging cutting element on the body of the
earth-boring tool to have an exposure greater than an exposure of the shearing cutting
element.

Embodiment 25: The method of any of embodiments 18 through 23, further
comprising mounting the backup gouging cutting element on the body of the
earth-boring tool to have an exposure less than an exposure of the shearing cutting
element.

Embodiment 26: A method of forming an earth-boring tool, comprising
mounting a plurality of shearing cutting elements, each comprising an at least
substantially planar cutting face to a body of an earth-boring tool; locating and
orienting each shearing cutting element of the plurality on the body of the earth-boring
tool for shearing a subterranean formation when the earth-boring tool is used to form or
enlarge a wellbore; mounting a backup gouging cutting element comprising a

non-planar cutting face to the body of the earth-boring tool; and positioning the backup
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gouging cutting element on the body of the earth-boring tool such that the backup
gouging cutting element will gouge formation material between a plurality of kerfs cut
in the formation material by the plurality of shearing cutting elements.

Although the foregoing description contains many specifics, these are not to be
construed as limiting the scope of the present invention, but merely as providing certain
exemplary embodiments. Similarly, other embodiments of the invention may be
devised which do not depart from the scope of the present invention. For example,
features described herein with reference to one embodiment also may be provided in
others of the embodiments described herein. The scope of the invention is, therefore,
indicated and limited only by the appended claims and their legal equivalents, rather
than by the foregoing description. All additions, deletions, and modifications to the
invention, as disclosed herein, which fall within the meaning and scope of the claims,

are encompassed by the present invention.
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CLAIMS
What is claimed is:
1. An earth-boring tool, comprising:

a body;
at least one blade projecting outwardly from the body; and
a plurality of cutting elements carried by the at least one blade, the plurality of cutting
elements comprising:
at least one shearing cutting element comprising an at least substantially planar
cutting face positioned and oriented for shearing a subterranean
formation when the earth-boring tool is rotated under applied force
against the subterranean formation; and
at least one gouging cutting element located rotationally behind the at least one
shearing cutting element on the at least one blade, the at least one
gouging cutting element comprising a cutting face positioned and
oriented for at least one of crushing and gouging the subterranean

formation when the earth-boring tool is rotated under the applied force.

2. The earth-boring tool of claim 1, wherein the at least one shearing
cutting element comprises a polycrystalline diamond material, and wherein the at least
substantially planar cutting face of the at least one shearing cutting element comprises a

surface of the polycrYstalline diamond material.

3. The earth-boring tool of claim 1, wherein:
the at least one gouging cutting element comprises a polycrystalline diamond material;
the cutting face of the at least one gouging cutting element comprises a surface of the
polycrystalline diamond material; and

the cutting face of the at least one gouging cutting element is non-planar.

4. The earth-boring tool of claim 3, wherein the cutting face of the at least

one gouging cutting element is substantially dome-like in shape.
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5. The earth-boring tool of claim 3, wherein the cutting face of the at least

one gouging cutting element is substantially frustoconically shaped.

6. The earth-boring tool of any of claims 1 through 3, wherein the
earth-boring tool comprises a fixed-cutter earth-boring rotary drill bit, and wherein
each of the at least one shearing cutting element and the at least one gouging cutting
element is located in a shoulder region, a nose region, or a cone region of the

fixed-cutter earth-boring rotary drill bit.

7. The earth-boring tool of any of claims 1 through 3, wherein the at least
one gouging cutting element is positioned to follow a path of the at least one shearing

cutting element when the earth-boring tool is rotated under applied force.

8. "The earth-boring tool of any of claims 1 through 3, wherein the at least
one blade comprises a plurality of blades, each blade of the plurality of blades
projecting outwardly from the body and carrying a row of cutting elements, each row
of cutting elements comprising shéaring cutting elements, each of the shearing cutting
elements comprising a polycrystalline diamond material having an at least substantially
planar cutting face positioned and oriented for shearing a subterranean formation when
the earth-boring tool is rotated under applied force, and wherein each of at least two
blades of the plurality of blades comprises at least two gouging cutting elements
comprising a polycrystalline diamond material having a cutting face positioned and
oriented for at least one of crushing and gouging a subterranean formation when the

earth-boring tool is rotated under applied force.

9. The earth-boring tool of any of claims 1 through 3, wherein a shortest
distance between a longitudinal axis of the earth-boring tool and a cutting surface of
the at least one gouging cutting element is substantially equal to a shortest distance
between the longitudinal axis of the earth-boring tool and a cutting surface of the at

least one shearing cutting element.
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10. The earth-boring tool of claim 9, wherein the at least one gouging
cutting element exhibits an exposure greater than or equal to an exposure of the at least

one shearing cutting element.

11.  The earth-boring tool of claim 9, wherein the exposure of the at least
one gouging cutting element is less than 2.54 mm greater than an exposure of the at

least one shearing cutting element.

12.  The earth-boring tool of any of claims 1 through 3, wherein a ratio of a
shoulder height of the body to a diameter of the body is 0.10 or less.

13. The earth-boring tool of any of claims 1 through 3, wherein the at least
one blade comprises at least one primary blade, and wherein the at least one gouging

cutting element is disposed on the at least one primary blade.

14. A method of forming an earth-boring tool, comprising:

mounting a shearing cutting element comprising an at least substantially planar cutting
face to a body of an earth-boring tool;

locating and orienting the shearing cutting element on the body of the earth-boring tool
for shearing a subterranean formation when the earth-boring tool is used to
form or enlarge a wellbore;

mounting a backup gouging cutting element comprising a non-planar cutting face to
the body of the earth-boring tool,

locating and orienting the backup gouging cutting element on the body of the
earth-boring tool for at least one of crushing and gouging a subterranean
formation when the earth-boring tool is used to form or enlarge a wellbore; and

positioning the backup gouging cutting element on the body of the earth-boring tool
such that the backup gouging cutting element will gouge formation material

within a kerf cut in the formation material by the shearing cutting element.
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15.  The method of claim 14, wherein positioning the backup gouging
cutting element on the body of the earth-boring tool comprises positioning the backup
gouging cutting element on the body of the earth-boring tool such that a shortest
distance between a longitudinal axis of the earth-boring tool and the at least one backup
gouging cutting element is substantially equal to a shortest distance between the

longitudinal axis of the earth-boring tool and the at least one shearing cutting element.

16.  The method of claim 14 or claim 15, further comprising:
selecting the body of the earth-boring tool to comprise a bit body of a fixed-cutter
earth-boring rotary drill bit comprising a plurality of blades; and
mounting each of the sheaﬁng cutting element and the backup gouging cutting element

on a blade of the plurality of blades.

17.  The method of claim 14 or claim 15, further comprising selecting the
shearing cutting element to comprise a polycrystalline diamond material having a

surface comprising the at least substantially planar cutting face.

18. The method of claim 17, further comprising selecting the backup
gouging cutting element to comprise a polycrystalline diamond material having a

surface comprising the non-planar cutting face.

19. The method of claim 14 or claim 15, further comprising mounting the
backup gouging cutting element on the body of the earth-boring tool to have an

exposure greater than an exposure of the shearing cutting element.

20.  The method of claim 14 or claim 15, further comprising mounting the
backup gouging cutting element on the body of the earth-boring tool to have an

exposure less than an exposure of the shearing cutting element.
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