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DRILL BITS HAVING FLUSHING AND
SYSTEMS FOR USING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of co-pending
U.S. patent application Ser. No. 14/085,242, filed Nov. 20,
2013, which application is incorporated herein by reference
in its entirety.

FIELD

[0002] This invention relates to drill bits for forming a hole
in a formation, and, more particularly, to full-face drill bits for
forming a hole in a formation.

BACKGROUND

[0003] Existing drill bits typically have a central waterway
and a series of channels that provide fluid communication
between a side surface of the bit and the central waterway
(with no channels positioned directly on the cutting surface of
the bit). The central waterway is needed to permit removal of
cuttings over the entire face of the drill bit. These existing drill
bits do not permit direct flow of water on the cutting surface
of the bits. The lack of water on the cutting surface results in
a decrease in the rate at which cuttings are removed, thereby
leading to an increase in the wear of the cutting surface.
Additionally, the lack of water flow can also minimize the
removal of heat from the cutting surface during high-rota-
tional operation of the bit. These known drill bit designs are
also associated with relatively low penetration rates and
reduced contact stress measurements.

[0004] Thus, there is a need in the pertinent art for drill bits
that more effectively provide high velocity fluid flow to the
cutting surface of the bit and remove heat from the cutting
surface. There is a further need in the pertinent art for drill bits
that provide increased cutting removal rates and penetration
rates in comparison to conventional drill bits.

SUMMARY

[0005] Described herein is a drill bit for forming aholeina
formation. The drill bit has a longitudinal axis, a shank, and a
full face crown. The full face crown has a cutting face and an
outer surface. The full face crown and the shank cooperate to
define an interior space about the longitudinal axis. The inte-
rior space can be configured to receive water or other drilling
fluid during use of the drill bit.

[0006] In one aspect, the full face crown can define a plu-
rality of bores extending from the cutting face to the interior
space. The full face crown can completely circumferentially
enclose the interior space. In exemplary aspects, the full face
crown does not have waterways extending radially between
the outer surface of the full face crown and the interior space.
Optionally, the outer surface of the full face crown can define
aplurality of channels extending radially inwardly toward the
longitudinal axis. Systems for forming a hole in a formation
using the drill bit are also described.

[0007] In a further aspect, the full face crown can define a
slot extending therein the cutting face of the outer surface of
the full face crown that is configured to allow for the fracture
and ejection of desired core samples. In an exemplary aspect,
a conduit in communication with the interior space and the
pressurized drilling fluid can be positioned in communication
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with a portion of the defined slot such that a desired amount of
drilling fluid can be delivered into the slot during a drilling
operation.

[0008] Additional advantages of the invention will be set
forth in part in the description which follows, and in part will
be obvious from the description, or may be learned by prac-
tice of the invention. The advantages of the invention will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the appended claims. It is to
be understood that both the foregoing general description and
the following detailed description are exemplary and
explanatory only and are not restrictive of the invention, as
claimed.

DETAILED DESCRIPTION OF THE FIGURES

[0009] These and other features of the preferred embodi-
ments of the invention will become more apparent in the
detailed description in which reference is made to the
appended drawings wherein:

[0010] FIG.1isatop perspective view of an exemplary drill
bit as disclosed herein.

[0011] FIG. 2A is a top perspective view of a second
embodiment of an exemplary drill bit as disclosed herein.
FIG. 2B is a bottom perspective view of the drill bit of FIG.
2A.

[0012] FIG. 3 is a top plan of the drill bit of FIG. 2A as
disclosed herein,

[0013] FIG. 4 is a cross-sectional view of the drill bit of
FIG. 3 taken along line 4-4 as disclosed herein.

[0014] FIG. 5 is atop perspective view of a second embodi-
ment of an exemplary drill bit as disclosed herein.

[0015] FIG. 6is aperspective view of an exemplary drill bit
having a convex cutting face as disclosed herein.

[0016] FIG.7isatop perspective view of an exemplary drill
bit having a center projection extending into a slot as dis-
closed herein.

[0017] FIG. 8 is a top perspective view of a third embodi-
ment of an exemplary drill bit as disclosed herein.

[0018] FIG. 9 is a top, partially transparent perspective
view of a fourth embodiment of an exemplary drill bit as
disclosed herein. As depicted, a plurality of wear-resistant
members are partially embedded therein portions of the bot-
tom and side surfaces that define the slot of the drill bit.
Portions of the wear-resistant members that are embedded
within the bottom and side surfaces are shown in broken line,
while portions of the plurality of wear resistant members that
extend from the bottom and side surfaces are shown in solid
line.

[0019] FIG. 10 is a schematic view of a drilling system
having a drill bit as disclosed herein.

DETAILED DESCRIPTION

[0020] The present invention can be understood more
readily by reference to the following detailed description,
examples, drawings, and claims, and their previous and fol-
lowing description. However, before the present devices, sys-
tems, and/or methods are disclosed and described, it is to be
understood that this invention is not limited to the specific
devices, systems, and/or methods disclosed unless otherwise
specified, as such can, of course, vary. It is also to be under-
stood that the terminology used herein is for the purpose of
describing particular aspects only and is not intended to be
limiting.
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[0021] The following description of the invention is pro-
vided as an enabling teaching of the invention in its best,
currently known embodiment. To this end, those skilled in the
relevant art will recognize and appreciate that many changes
can be made to the various aspects of the invention described
herein, while still obtaining the beneficial results of the
present invention. It will also be apparent that some of the
desired benefits of the present invention can be obtained by
selecting some of the features of the present invention without
utilizing other features. Accordingly, those who work in the
art will recognize that many modifications and adaptations to
the present invention are possible and can even be desirable in
certain circumstances and are a part of the present invention.
Thus, the following description is provided as illustrative of
the principles of the present invention and not in limitation
thereof.

[0022] As used throughout, the singular forms “a,” “an”
and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a bore”
can include two or more such bores unless the context indi-
cates otherwise.

[0023] Ranges can be expressed herein as from “about™ one
particular value, and/or to “about” another particular value.
When such a range is expressed, another aspect includes from
the one particular value and/or to the other particular value.
Similarly, when values are expressed as approximations, by
use of the antecedent “about,” it will be understood that the
particular value forms another aspect. It will be further under-
stood that the endpoints of each of the ranges are significant
both in relation to the other endpoint, and independently of
the other endpoint.

[0024] As used herein, the terms “optional” or “optionally”
mean that the subsequently described event or circumstance
may or may not occur, and that the description includes
instances where said event or circumstance occurs and
instances where it does not.

[0025] The word “or” as used herein means any one mem-
ber of a particular list and also includes any combination of
members of that list.

[0026] Described herein with reference to FIG. 1 is a drill
bit 10 for forming a hole in a formation. The drill bit 10 has a
longitudinal axis LA. In exemplary aspects, the drill bit 10
can comprise a shank 20 and a full face crown 30. It is
contemplated that the drill bits disclosed herein can provide
an improved penetration rate relative to conventional drill
bits. It is further contemplated that the drill bits disclosed
herein can provide enhanced chip/cutting removal and
enhanced cooling of the cutting face of the bit, as measured
relative to conventional drill bits. It is still further contem-
plated that the drill bits disclosed herein can provide
improved wear resistance relative to conventional drill bits.
[0027] Inexemplary aspects, the drill bits disclosed herein
can be full-face bits. In these aspects, it is contemplated that
the full face drill bits disclosed herein can be plug and/or
non-coring bits. In still further exemplary aspects, it is con-
templated that the drill bits disclosed herein can be concave-
faced drill bits. In still further exemplary aspects, it is con-
templated that the drill bits disclosed herein can be non-
concave faced drill bits.

[0028] In one aspect, the full face crown 30 can have a
cutting face 32 that adjoins an outer circumferential surface
34.Itis contemplated that the full face crown 30 and the shank
20 can cooperate to define an interior space 25 (such as shown
in FIG. 2B) about the longitudinal axis LA. It is further
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contemplated that the interior space 25 can be configured to
receive water or other drilling fluid during use of the drill bit
10. In one aspect, the water or other drilling fluid can be
supplied to the interior space 25 at a desired pressure.
[0029] In another aspect, the full face crown 30 can define
a plurality of bores 36 extending from the cutting face 32 to
the interior space 25. In this aspect, it is contemplated that the
plurality of bores 36 can be configured to direct water (or
other drilling fluid) substantially directly to the cutting face
32 from the interior space 25. It is further contemplated that
the direct supply of pressurized water (or other drilling fluid)
to the cutting face 32 can increase flow velocity across the
cutting face, thereby permitting more rapid removal of cut-
tings and significantly increasing the convective cooling of
the cutting face. It is further contemplated that the plurality of
bores 36 can reduce the contact area of the cutting face 32
relative to conventional drill bits, thereby improving the pen-
etration rate of the drill bit 10. It is still further contemplated
that the plurality of bores 36 can permit novel distribution of
water (or other drilling fluid) relative to the cutting face 32,
thereby improving the wear resistance of the drill bit 10. It is
still further contemplated that the plurality of bores 36 can
provide flexibility in the distribution of water (or other drill-
ing fluid) such that the center port of conventional drill bits is
unnecessary (and can be eliminated from the drill bit).
Optionally, in some aspects, it is contemplated that the cutting
face 32 can have a convex profile (See FIG. 6). In other
aspects, it is contemplated that the cutting face 32 can option-
ally have a concave profile.

[0030] In exemplary aspects, the plurality of bores 36 can
optionally be substantially equally distributed about the cut-
ting face 32. Optionally, in some aspects, the plurality of
bores 36 can be randomly spaced from a center point of the
drill bit 10. In other aspects, the plurality of bores can option-
ally be substantially uniformly spaced from the center point
of the drill bit 10. In these aspects, it is contemplated that at
least two concentric rows of bores can be provided, with the
bores in each respective row being substantially uniformly
spaced from the center point of the drill bit 10.

[0031] More generally, it is contemplated that the plurality
of’bores 36 can be provided in any selected configuration. It is
further contemplated that the plurality of bores 36 can be
distributed so as to optimize the wear characteristics of the
drill bit 10 for a particular application.

[0032] It is contemplated that the each bore 36 of the plu-
rality of bores can be provided in a selected shape. In exem-
plary aspects, the plurality of bores 36 can have a substan-
tially cylindrical shape (with substantially circular cross-
sectional profile), However, it is contemplated that the
plurality of bores 36 can have any shape, including, for
example and without limitation, a substantially conical (ta-
pered) shape (with a substantially circular cross-sectional
profile), a shape having a substantially rectangular cross-
sectional profile, a shape having a substantially square cross-
sectional profile, an S-shape, and the like.

[0033] In still another aspect, the full face crown 30 can
completely circumferentially enclose the interior space 25. In
exemplary aspects, the full face crown 30 does not comprise
awaterway extending radially between the outer surface 34 of
the full face crown and the interior space 25.

[0034] In a further aspect, the outer surface of the full face
crown 30 can define a plurality of channels 38 extending
radially inwardly toward the longitudinal axis LA. In exem-
plary aspects, it is contemplated that the full face crown 30
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can have an outer diameter that is greater than an outer diam-
eter of the shank 20 such that the full face crown projects
radially outwardly relative to the shank. Thus, in these
aspects, it is further contemplated that the plurality of chan-
nels 38 can expose and be in communication with a junction
surface 22 of the shank. It is further contemplated that the
junction surface 22 can optionally comprise at least one bore
24 positioned in communication with at least one of the
plurality of channels 38 of the full face crown 30. It is still
further contemplated that the at least one bore 24 of the
junction surface 22 of the shank 20 can be in communication
with the interior space 25.

[0035] Optionally, in exemplary aspects, the plurality of
channels 38 can be substantially equally circumferentially
spaced about the outer surface 34 of the full face crown 30. In
one aspect, it is contemplated that the plurality of channels 38
can optionally be substantially equally sized.

[0036] Optionally, in other exemplary aspects, it is contem-
plated that at least one pair of bores of the plurality of bores 36
can be substantially aligned with a selected channel 38 of the
full face crown 30 along an orientation line passing through
center points of the bores and the selected channel. In these
aspects, it is contemplated that, during drilling operations, as
the drill bit 10 rotates, water (or other drilling fluid) that exits
the pair of bores can move substantially along the orientation
line and be evacuated through the selected channel.

[0037] Optionally, in some exemplary aspects, the plurality
of channels 38 can comprise a first plurality of channels 38«
and a second plurality of channels 385, with each channel of
the first plurality of channels having a first size and a second
plurality of channels having a second size. As used herein, the
“size” of a channel 38 generally refers to the two-dimensional
area of the channel, as measured within a plane that is sub-
stantially perpendicular to the longitudinal axis of the drill bit
10. Inthese aspects, it is contemplated that the second size can
be larger than the first size. In additional exemplary aspects, at
least one channel of the first plurality of channels 38a can
optionally be positioned circumferentially between sequen-
tial channels of the second plurality of channels 384. In fur-
ther exemplary aspects, each channel of the first plurality of
channels 38a can have a first radial length, and each channel
of the second plurality of channels 385 can have a second
radial length. In these aspects, it is contemplated that the
second radial length can optionally be greater than the first
radial length.

[0038] In further optional aspects, it is contemplated that
the plurality of channels 38 can further comprise a third
plurality of channels 38¢, with each channel of the third
plurality of channels having a third size that is different than
the first and second sizes (of the first plurality of channels and
the second plurality of channels). As shown in FIG. 1, it is
contemplated that the third size can be smaller than the first
and second sizes. However, it is contemplated that, in exem-
plar aspects, the third size can also be larger than the first and
second sizes. In additional exemplary aspects, it is contem-
plated that at least one channel of the third plurality of chan-
nels 38¢ can optionally be positioned circumferentially
between a respective channel of the first plurality of channels
38a and a respective channel of the second plurality of chan-
nels 38b. In further exemplary aspects, each channel of the
third plurality of channels 38¢ can have a third radial length.
In these aspects, it is contemplated that the third radial length
can optionally be less than the first and second radial lengths
(of the first plurality of channels and the second plurality of
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channels). However, in other aspects, it is contemplated that
the third radial length can optionally be greater than at least
one of the first and second radial lengths.

[0039] More generally, it is contemplated that the plurality
of channels 38 can comprise channels having any number of
different sizes, such as, for example and without limitation,
channels of at least four different sizes, channels of at least
five different sizes, channels of at least six different sizes,
channels of at least seven different sizes, and channels of at
least eight different sizes. In exemplary aspects, it is contem-
plated that each channel of the plurality of channels 38 can
have a size that differs from a size of at least one additional
channel of the plurality of channels.

[0040] In additional aspects, each channel of the plurality
of channels 38 can have a width. Optionally, in these aspects,
it is contemplated that each channel of the plurality of chan-
nels 38 can have a variable width. For example, the width of
each channel 38 can optionally decrease from the outer sur-
face of the full face crown moving radially inwardly toward
the longitudinal axis. Thus, it is contemplated that each chan-
nel 38 of the plurality of channels can be inwardly tapered
moving toward the longitudinal axis LA.

[0041] Optionally, as shown in FIG. 1, it is contemplated
that the radius of the shank 20 (corresponding to the radial
distance between the longitudinal axis LA and an outer sur-
face of the shank) can vary about the circumference of the
shank. In exemplary aspects, it is contemplated that the outer
surface of the shank 20 can be recessed a selected distance
from the outer surface 34 of the full face crown 30 within each
respective channel 38. In these aspects, it is contemplated that
the selected distance by which the outer surface of the shank
20 is recessed from the outer surface 34 of the full face crown
30 can vary from channel to channel. For example, as shown
in FIG. 1, it is contemplated that the selected distance by
which the outer surface of the shank 20 is recessed from the
outer surface 34 of the flu face crown 30 can generally be
greater for smaller channels (38¢) than it is for larger channels
(384, 38b). However, it is contemplated that any variation in
the selected distance (and the radius of the shank 20) can be
employed.

[0042] Optionally, in further exemplary aspects, it is con-
templated that an inner surface of the shank 20 can define at
least one flute (or extending substantially parallel to the lon-
gitudinal axis LA of the bit 10. In these aspects, each flute of
the at least one flute can optionally correspond to a rounded
grooves extending radially from the inner surface of the shank
20 toward an outer surface of the shank. It is contemplated
that the at least one flute can optionally be positioned in fluid
communication with at least one of a bore 36 of the full face
crown 30 and a bore 24 of the shank 20.

[0043] Referring now to FIGS. 2A-7, an exemplary drill bit
100 is shown that is configured to channel and fracture a
micro-core from the center of the drill bit and direct and/or
flush the fractured micro-core to the outer diameter of the drill
bit. Complementarily, this exemplary configuration allows
for reduced wear of the inner diameter of the drill bit, which
is the typical wear mode of conventional full face bits. Fur-
ther, the exemplary full face drill bit increases the rate of
penetration in comparison to conventional full face bits that,
due to their intrinsic design limitations, have a limited ability
to cut at the center of the full face bit as a result of the very low
surface velocities. As one will appreciate, it is contemplated
that the drill bit 100 can also comprise the elements described
above with respect to drill bit 10. Similarly, it is contemplated
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that the drill bit 10 can comprise one or more of the elements
described below with respect to drill bit 100.

[0044] On skilled in the art will appreciate that conven-
tional full face bits typically wear from the center of the upper
contact face of the drill bit as a result of low cutting velocity
and poor chip flushing. This design failure mode is exacer-
bated as the rock being drilled increases in hardness. The
cycle of wear in the center of a full face bit leading the further
reduced flushing in the center, which in-turn causes more
wear, drastically limits the potential life of full face bits when
compared to coring bits. In the past, bit designs have
attempted to overcome this design failure mode by adding
one or more of a center port and/or waterways that are dis-
tributed on the bit or by reinforcing the center port waterway
to reduce the wear rate at the center of the bit.

[0045] In one aspect, the drill bit 100 has a longitudinal
axis. In exemplary aspects, the drill bit 100 can comprise a
shank 120 and a full face crown 130 that extends along the
longitudinal axis. In one aspect, the full face crown has a
crown outer diameter and the shank has a shank outer diam-
eter that is less than the outer diameter of the full face crown.
Further, it is contemplated that the shank can further define a
tapered surface 122 that extends distally from the shank outer
diameter to the crown outer diameter. In various aspects, it is
contemplated that the tapered surface 122 can be angled with
respect to the longitudinal axis at an obtuse angle p. For
example, the angle p can be between about 90.5° and about
150°, and preferably between about 120° and about 140°.
[0046] Inafurtheraspect,the full face crown 130 candefine
a slot 140 that extends longitudinally therein a portion of the
cutting face 132 and the circumferential outer surface 134 of
the full face crown. It is contemplated that this slot can be
configured to allow for the fracture and ejection of desired
core samples. In an exemplary aspect, a conduit 150 can be
defined in the drill bit that is in communication with the
interior space 25 and the pressurized drilling fluid can be
positioned in communication with a portion of the defined
slot such that a desired amount of drilling fluid can be deliv-
ered into the slot during a drilling operation. Optionally, in
some aspects and as shown in FIG. 6, it is contemplated that
the cutting face 132 can have a convex profile. In other
aspects, it is contemplated that the cutting face 132 can
optionally have a concave profile.

[0047] In one exemplary aspect, the slot 140 has a bottom
surface 142 and a pair of two opposing side walls 144 that are
positioned relative to each other at a desired angle (3. In one
exemplary aspect, the slot is shaped such that the two side
walls are positioned substantially parallel to each other such
that the angle f is approximately 0°, Optionally, the slot can
have a wedge like shape such that the angle § can exemplarily
be between about 0° and about 140°, preferably between
about 30° and about 110°, preferably between about 55° and
about 95°, and most preferred below about 90°.

[0048] Inatfurtheraspect, the bottom surface 142 ofthe slot
can be positioned at an angle p with respect to the adjoining
side wall 144. For example, the angle 1 can be between about
60° and about 120°, preferably between about 85° and about
110°, and most preferred about 90°. In yet another aspect, the
bottom surface 142 of the slot can be angled with respect to
the longitudinal axis ofthe drill bit at a desired angle c.. In one
exemplary aspect, it is preferred that the bottom surface 142
of'the slot be angled proximally to encourage the dispersal of
fractured material proximally away from the cutting face 132
of'the drill bit. For example, the angle o can be between about
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90° and 140°, and preferably between about 90° and about
130°, and about 150°; and most preferred greater than or
equal to about 90°.

[0049] In optional contemplated aspects, at least a portion
ofthe bottom surface 142 and the side walls 144 of the slot can
be substantially planar; at least one of the bottom surface 142
and the side walls 144 of the slot can be substantially planar;
at least a portion of one of the bottom surface 142 and the side
walls 144 of the slot can be curved (either distally or proxi-
mally for the bottom surface 142 or outwardly for the side
walls 144 of the slot; and at least one of the bottom surface
142 and the side walls 144 of the slot can be curved (either
distally or proximally for the bottom surface or outwardly for
the side walls of the slot.

[0050] The slot 140 further defines an apex 148 that is
positioned beyond the center of the cutting face of the drill bit.
As one skilled in the art will appreciate, the slot thusly is
configured such that the longitudinal axis of the drill bit
extends through the bottom surface of the slot and into an
interior void area of the slot. In a further aspect, an over-center
area is defined on the cutting face of the bit b r position of the
apex relative to the defined center C of the cutting face, e.g.,
the point of the cutting face bisected by the longitudinal axis.
As exemplarily shown in FIG. 4, the over-center area is the
area on the cutting face that extends from the junction of the
base of the side walls 144 and the bottom surface 142 to two
imaginary lines that extend through the center C of the cutting
face and are parallel to the respective side walls 144. For
example; the over-center area, as a percentage of the area of
the cutting face, can be between about 5% and about 45%, and
preferably between about 10% and about 40%, and about
15% and about 30%; and most preferred about 20%.

[0051] In an exemplary aspect, it is contemplated that a
distal end 152 of the conduit 150 is formed in at least a portion
of the bottom surface of the slot. Further, it is contemplated
that a distal end 152 can be formed in a portion of one side
wall 144 of the slot. In another exemplary embodiment, the
distal end 152 of the conduit 150 can be positioned such that
a portion of the conduit 150 is positioned at a juncture of a
portion of the bottom surface and a portion of an adjoining
side wall of the slot. Optionally, it is contemplated that at least
aportion of the distal end 152 of'the conduit can be defined in
at least a portion of the defined over-center area. In another
aspect, a majority of the distal end 152 of the conduit can be
defined in a portion of the defined over-center area.

[0052] In other optional aspects, and as depicted in FIG. 7,
it is contemplated that the full face crown 130 can comprise a
central projection 133 that extends across the center C of the
cutting face into the slot 140. In these aspects, it is contem-
plated that the projection 133 can cooperate with the side
walls 144 to define the slot 140. It is further contemplated that
a top portion of the central projection 133 of the crown 130
can comprise a matrix material that is configured to wear
away (due to at least one of erosion and abrasion) such that,
over time, after the central projection 133 is worn down, the
profile of the slot 140 corresponds to the exemplary profile
disclosed above (defined by surface 142 and the side walls
144, which comprise diamond-infiltrated material as further
disclosed herein. In exemplary aspects, the projection 133 can
have an arcuate profile, thereby effectively eliminating the
apex 148 of the slot 140 (until the projection 133 is worn
away).

[0053] In exemplary aspects, when the drill bit 100 com-
prises both the slot 140 and a plurality of bores 36 (as dis-
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closed with respect to drill bit 10), it is contemplated that the
slot can allow core to substantially freely flow from the cut-
ting face to the outer diameter of the crown. It is further
contemplated that the non-uniform crown can create an oft-
balance motion, thereby permitting easier breaking of the
core.

[0054] Referring now to FIG. 8, an exemplary drill bit 200
is shown that is configured to channel and fracture a micro-
core from the center of the drill bit and direct and/or flush the
fractured micro-core to the outer diameter of the drill bit.
Complementarily, this exemplary configuration allows for
reduced wear ofthe inner diameter of the drill bit, which is the
typical wear mode of conventional full face bits. Further, the
exemplary full face drill bit increases the rate of penetration
by decreasing the required force output in comparison to
conventional full face bits that, due to their intrinsic design
limitations, have a limited ability to cut at the center of the full
face bit as a result of the very low surface velocities. As one
will appreciate, it is contemplated that the drill bit 200 can
also comprise the elements described above with respect to
drill bits 10 and 100. Similarly, it is contemplated that the drill
bits 10 and 100 can comprise one or more of the elements
described below with respect to drill bit 200.

[0055] In one aspect, the drill bit 200 can have a full face
crown 230 and can define a slot 240 that extends longitudi-
nally therein a portion of a cutting face 232 and the circum-
ferential outer surface 234 of the full face crown. It is con-
templated that this slot can be configured to allow for the
fracture and ejection of desired core samples. In an exemplary
aspect, a conduit 250 can be defined in the bottom surface 142
of'the slot 140 of the drill bit and is in communication with the
interior space 25 and the pressurized drilling fluid can be
positioned in communication with a portion of the defined
slot such that a desired amount of drilling fluid can be deliv-
ered into the slot during a drilling operation. As shown in FIG.
8, it is further contemplated that the drill bit 200 can comprise
bores 36 and channels 38 as disclosed above with respect to
drill bits 10, 100.

[0056] In exemplary aspects, as shown in FIG. 8, the drill
bit 200 can have an axially recessed portion 270 positioned
radially between first and second cutting portions 260, 280. In
these aspects, it is contemplated that the first and second
cutting portions can each define portion of the cutting surface
232, with the recessed portion 270 being recessed relative to
the cutting surface. Thus, it is contemplated that the cutting
face 232 can be stepped up in the highest-wear areas of the
cutting face.

[0057] Optionally, it is contemplated that an interior wall
265 of the first cutting portion 260 can define at least one
channel 265, as shown in FIG. 8. It is contemplated that each
channel 265 can optionally be positioned in fluid communi-
cation with a respective bore 36 of the drill bit 200.

[0058] In additional aspects, it is contemplated that the
second cutting portion 280 can be substantially centrally
positioned relative to the cutting face 232 such that the second
cutting portion cooperates with side walls of the slot to define
the apex of the slot (where no central projection is present) or,
alternatively, the second cutting portion cooperates with side
walls of the slot to define the central projection (when
present). In further aspects, it is contemplated that the second
cutting portion 280 can optionally define at least one channel
285, as shown in FIG. 8. In these aspects, it is further con-
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templated that each channel 285 can optionally be positioned
in fluid communication with a respective bore 36 of the drill
bit 200.

[0059] In exemplary aspects, the drill bits 10, 100, 200
disclosed herein can be diamond-impregnated bits, with the
diamonds impregnated within a matrix. In these aspects, it is
contemplated that each drill bit 10, 100, 200 can comprise a
plurality of selected materials, with each material being pro-
vided as a selected weight percentage of the drill bit. It is
contemplated that each drill bit 10, 100, 200 can comprise
carbon (not including diamond) in any desired amount, such
as, for example and without limitation, an amount ranging
from about 0.00% to about 7.00% by weight of the drill bit. In
exemplary aspects, the carbon of the drill bits 10, 100, 200 can
be provided as at least one of carbon powder and carbon
fibers. It is further contemplated that each drill bit 10, 100,
200 can comprise chromium in any desired amount, such as,
for example and without limitation, an amount ranging from
about 0.00% to about 1.00% by weight of the drill bit. It is
further contemplated that each drill bit 10, 100, 200 can
comprise cobalt in any desired amount, such as, for example
and without limitation, an amount ranging from about 0.00%
to about 1.00% by weight of the drill bit. Optionally, it is
further contemplated that each drill bit 10, 100, 200 can
comprise copper in an any desired amount, such as, for
example and without limitation, an amount ranging from
about 0.00% to about 30.00% by weight of the drill bit. It is
further contemplated that each drill bit 10, 100, 200 can
comprise iron in any desired amount, such as, for example
and without limitation, an amount ranging from about
50.00% to about 90.00% by weight of the drill bit. It is further
contemplated that each drill bit 10, 100, 200 can comprise
manganese in any desired amount, such as, for example and
without limitation, an amount ranging from about 0.00% to
about 8.00% by weight of the drill bit. It is further contem-
plated that each drill bit 10, 100, 200 can comprise molybde-
num in any desired amount, such as, for example and without
limitation, an amount ranging from about 0.00% to about
0.20% by weight of the drill bit. Itis further contemplated that
each drill bit 10, 100, 200 can comprise nickel in any desired
amount, such as, for example and without limitation, an
amount ranging from about 0.00% to about 6.00% by weight
of'the drill bit. It is further contemplated that each drill bit 10,
100, 200 can comprise silicon in any desired amount, such as,
for example and without limitation, an amount ranging from
about 0.00% to about 0.50% by weight of the drill bit. It is
further contemplated that each drill bit 10, 100, 200 can
comprise silicon carbide in any desired amount, such as, for
example and without limitation, an amount ranging from
about 0.00% to about 2.00% by weight of the drill bit. It is
further contemplated that each drill bit 10, 100, 200 can
comprise silver in any desired amount, such as, for example
and without limitation, an amount ranging from about 0.00%
to about 12.00% by weight of the drill bit. It is further con-
templated that each drill bit 10, 100, 200 can comprise tin in
any desired amount, such as, for example and without limi-
tation, an amount ranging from about 0.00% to about 6.00%
by weight of the drill bit. It is further contemplated that each
drill bit 10, 100, 200 can comprise tungsten in any desired
amount, such as, for example and without limitation, an
amount ranging from about 0.00% to about 41.00% by weight
of'the drill bit. It is further contemplated that each drill bit 10,
100, 200 can comprise tungsten carbide in any desired
amount, such as, for example and without limitation, an
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amount ranging from about 0.00% to about 35.00% by weight
of'the drill bit. It is further contemplated that each drill bit 10,
100, 200 can comprise zinc in any desired amount, such as,
for example and without limitation, an amount ranging from
about 0.00% to about 24.00% by weight of the drill bit. It is
further contemplated that the matrix of the full face drill bits
disclosed herein can be configured to form supporting struc-
tures behind the diamonds within the drill bits, thereby pre-
venting the polishing of the impregnated diamonds during
operation.

[0060] Inexemplary aspects, and with reference to FIG. 9,
the drill bits disclosed herein can further optionally comprise
a plurality of wear-resistant members 160 that are embedded
therein portions of at least one of the bottom surface 142
and/or the side surface(s) 144 of the drill bit. It is contem-
plated, optionally and without limitation, that the plurality of
wear-resistant members 160 can be embedded therein por-
tions of the bottom surface 142 adjacent to the side wall of the
slot that serves as the impact wall (e.g., the trailing wall) as a
result of the rotation of the drill bit in use. In this aspect, it is
contemplated that the plurality of wear-resistant members
160 can be embedded in an area of the bottom surface 142
proximate to the juncture of the bottom surface and the
respective side wall. In a further aspect, the plurality of wear-
resistant members 160 in the bottom surface can be posi-
tioned in a desired, predetermined array. In one example, the
array of the plurality of wear-resistant members 160 can
comprise a series of rows of wear-resistant members. In this
aspect, it is contemplated that each row can comprise a plu-
rality of the wear-resistant members 160 positioned substan-
tially along a common axis. Optionally, the common axis can
be substantially parallel to the adjacent side wall. Thus, it is
contemplated that the array of the plurality of wear-resistant
members 160 can comprise a series of rows of wear-resistant
members in which each of the rows are substantially parallel
to each other and to the adjacent side wall.

[0061] In a further aspect, optionally and without limita-
tion, that the plurality of wear-resistant members 160 can be
embedded therein portions of the side wall 144 that serves as
the impact wall (e.g., the trailing wall) as a result of the
rotation of the drill bit in use. In this aspect, it is contemplated
that the plurality of wear-resistant members 160 can be
embedded in an area of the side wall 144 proximate to the
juncture of the bottom surface and the side wall. In a further
aspect, the plurality of wear-resistant members 160 in the
bottom surface can be positioned in a desired, predetermined
array. In one example, the array of the plurality of wear-
resistant members 160 can comprise a series of rows of wear-
resistant members. In this aspect, it is contemplated that each
row can comprise a plurality of the wear-resistant members
160 positioned substantially along a common axis. Option-
ally, the common axis can be substantially parallel to the
adjacent bottom surface, Thus, it is contemplated that the
array of the plurality of wear-resistant members 160 can
comprise a series of rows of wear-resistant members in which
each of the rows are substantially parallel to each other and to
the adjacent bottom surface. In a further aspect, the array of
the plurality of wear-resistant members 160 positioned on the
side wall can be spaced away from the cutting face of the drill
bit at a desired distance.

[0062] Inanother aspect,atleasta portion of the plurality of
wear resistant members 160 can extend proudly from the
respective bottom surface 142 and/or side wall 144 in which
it is embedded. In one aspect, it is further contemplated that
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the array can comprise additional rows of wear resistant
members that are encapsulated within the drill bit in an under-
lying relationship with the exposed rows of the wear-resistant
members that are positioned in one of the bottom surface 142
and/or the side surface(s) of the 144 of the drill bit. In this
fashion, the additional wear-resistant members can be
exposed upon the normal wear of the drill bit during opera-
tion.

[0063] In one aspect, each wear-resistant member 160 can
be an elongated member, for example and without limitation,
the elongate member can have a generally rectangular shape
having a longitudinal axis. As shown in FIG. 9, it is contem-
plated that the elongate members 160 can be positioned such
that the longitudinal axis of each elongate member is substan-
tially parallel to the adjacent bottom surface and/or side wall.
Without limitation, it is contemplated that each wear-resistant
member 160 can comprise at least one of Tungsten Carbide,
TSD (thermally stable diamond), PDC (polycrystalline dia-
mond compact), CBN (cubic boron nitride), single crystal
Aluminum Oxide, Silicon Carbide, wear resistant ceramic
materials, synthetic diamond materials, natural diamond, and
polycrystalline diamond materials.

[0064] Inexemplary aspects, and with reference to FIG. 10,
the drill bits disclosed herein can be provided as part of a
drilling system 500. In these aspects, it is contemplated that
the drilling system 500 can comprise a drill head 510, a mast
520, a drill rig 530, and a drill string 550 configured to be
secured to and rotated by the drill rig, as are conventionally
known in the art. It is further contemplated that a drill bit 560
can be operatively coupled to an end of the drill string 550.
For example, it is contemplated that a drill bit 10, 100, 200 as
disclosed herein can be coupled to the drill string 550. In
operation, as the drill string 550 is rotated and pushed by the
drill rig 530, it is contemplated that the drill bit 560 (corre-
sponding to a drill bit 10, 100, 200 as disclosed herein) can
grind away materials in a formation 570.

[0065] Inuse, it is contemplated that the full face drill bits
disclosed herein can achieve desired penetration levels at
lower levels of thrust than are required with known drill bits.
Due to the increased strength and flushing of the full face drill
bits disclosed herein, it is contemplated that the disclosed full
face drill bits can show less wear and have an increased
functional product life compared to known drill bits, with the
full face drill bits disclosed herein having a functional product
life of up to about 5 times greater than the functional product
life of known bits. It is further contemplated that the increased
strength and flushing of the disclosed full face drill bits can
permit the use of greater depths for diamond impregnation
during manufacturing. It is still further contemplated that the
disclosed full face drill bits can produce higher fluid velocity
at the cutting face, thereby providing faster rock removal and
heat transfer and limiting wear of the diamonds within the bit,
which are typically worn due to the high heat and friction of
the rock.

Experimental Examples

[0066] Inoneexperimental example,a0.250 inch-diameter
core was removed using an exemplary drill bit as depicted in
FIGS. 2A-4. In another experimental example, the exemplary
drill bit showed little wear after drilling 12 inches, whereas a
known drill bit was substantially worn after drilling 12 inches.
[0067] In additional experimental examples, a computa-
tional fluid dynamics (CFD) comparison was performed
between an exemplary full face drill bit as depicted in FIGS.
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3-5 and a known full face drill bit. The exemplary drill bit as
disclosed herein was found to produce a higher water pressure
and higher fluid velocity.

Exemplary Aspects

[0068] Inexemplary aspects, adrill bit for forming a hole in
a formation is disclosed, the drill bit having a longitudinal
axis bisecting a center of the drill bit, the drill bit comprising:
a shank; a full face crown having a cutting face and a circum-
ferential outer surface, the full face crown and the shank
cooperating to define an interior space about the longitudinal
axis, and a slot defined therein the full face crown that extends
longitudinally therein a portion of the cutting face and the
circumferential outer surface of the full face crown, wherein
the slot further defines an apex that is positioned beyond the
center of the cutting face of the drill bit such that the longi-
tudinal axis of the drill bit extends through the bottom surface
of the slot and into an interior void area of the slot.

[0069] In another exemplary aspect, the drill bit further
comprises a conduit defined in the drill bit that is in commu-
nication with the interior space and with a portion of the
defined slot.

[0070] In another exemplary aspect, the slot has a wedge
shape.
[0071] In another exemplary aspect, the slot has a bottom

surface and a pair of two opposing side walls that are angu-
larly positioned relative to each other at a desired angle f3.
[0072] In another exemplary aspect, the desired angle f§ is
between about 0° and about 140°.

[0073] In another exemplary aspect, the desired angle f§ is
between about 55° and about 105°.

[0074] In another exemplary aspect, the bottom surface of
the slot is angled with respect to the adjoining side wall at an
angle {1

[0075] In another exemplary aspect, the desired angle 1 is
between about 85° and about 110°.

[0076] In another exemplary aspect, the bottom surface of
the slot is angled proximally to encourage the dispersal of
fractured material proximally away from the cutting face of
the drill bit.

[0077] In another exemplary aspect, the bottom surface of
the slot is angled with respect to the longitudinal axis of the
drill bit at a desired angle c.

[0078] In another exemplary aspect, the desired angle a is
between about 90° and about 130°.

[0079] Inanother exemplary aspect, at least a portion of the
bottom surface and the side walls of the slot is substantially
planar.

[0080] In another exemplary aspect, at least one of the
bottom surface and the side walls of the slot is substantially
planar.

[0081] Inanother exemplary aspect, at least a portion of the
bottom surface and the side walls of the slot is curved.
[0082] Inanother exemplary aspect, at least a portion of the
bottom surface and the side walls of the slot is curved.
[0083] In another exemplary aspect, the drill bit further
comprises a source of pressurized drilling fluid in fluid com-
munication with the conduit such that a desired amount of
drilling fluid can be delivered into the slot during a drilling
operation.

[0084] In another exemplary aspect, the drill bit further
comprises a plurality of bores defined therein the full face
crown that extend from the cutting face to the interior space.
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[0085] In another exemplary aspect, the full face crown
does not comprise a waterway extending radially between the
outer surface of the full face crown and the interior space.
[0086] Inanother exemplary aspect, the outer surface ofthe
full face crown defines a plurality of channels extending
radially inwardly toward the longitudinal axis.

[0087] In another exemplary aspect, each channel of the
plurality of channels has a width, and the width of each
channel decreases from the outer surface of the full face
crown moving radially inwardly toward the longitudinal axis.

[0088] In another exemplary aspect, the plurality of chan-
nels comprise a first plurality of channels having a first size
and a second plurality of channels having a second size,
wherein the second size is lamer than the first size.

[0089] In another exemplary aspect, at least one channel of
the first plurality of channels is positioned circumferentially
between sequential channels of the second plurality of chan-
nels.

[0090] In another exemplary aspect, each channel of the
first plurality of channels has a first radial length, channel of
the second plurality of channels has a second radial length,
and the second radial length is greater than the first radial
length.

[0091] In another exemplary aspect, an over-center area is
defined on the cutting face of the bit by the position of the
apex relative to a defined center C of the cutting face, and the
over-center area, as a percentage of the area of the cutting
face, is between about 5% and about 45%.

[0092] Inanotherexemplary aspect, the over-center area, as
a percentage of the area of the cutting face, is between about
15% and about 30%.

[0093] In other exemplary aspects, a drill bit for forming a
hole in a formation is provided, the drill bit having a longitu-
dinal axis bisecting a center of the drill bit, the drill bit
comprising: a shank; a full face crown having a cutting face
and a circumferential outer surface, the full face crown and
the shank cooperating to define an interior space about the
longitudinal axis, a slot defined therein the full face crown
that extends longitudinally therein a portion of the cutting
face and the circumferential outer surface of the full face
crown, wherein the slot further defines an apex that is posi-
tioned beyond the center of the cutting face ofthe drill bit such
that the longitudinal axis of the drill bit extends through the
bottom surface of the slot and into an interior void area of the
slot; and a conduit defined in the drill bit that is in communi-
cation with the interior space and with a portion of the defined
slot, wherein an over-center area is defined on the cutting face
of'the bit by the position of the apex relative to a defined center
C of the cutting face, and wherein the over-center area, as a
percentage of the area of the cutting face, is between about 5%
and about 45%.

[0094] Although several embodiments of the invention
have been disclosed in the foregoing specification, it is under-
stood by those skilled in the art that many modifications and
other embodiments of the invention will come to mind to
which the invention pertains, having the benefit of the teach-
ing presented in the foregoing description and associated
drawings. It is thus understood that the invention is not lim-
ited to the specific embodiments disclosed hereinabove, and
that many modifications and other embodiments are intended
to be included within the scope of the appended claims.
Moreover, although specific terms are employed herein, as
well as in the claims which follow, they are used only in a



US 2016/0145946 Al

generic and descriptive sense, and not for the purposes of
limiting the described invention, nor the claims which follow.

What is claimed is:

1. A drill bit for forming a hole in a formation, the drill bit
having a longitudinal axis bisecting a center of the drill bitand
comprising:

a shank;

a full face crown having a cutting face and a circumferen-
tial outer surface, the full face crown and the shank
cooperating to define an interior space about the longi-
tudinal axis,

a slot defined therein the full face crown, wherein the slot
has side walls extending longitudinally from the cutting
face along at least a portion of the full face crown,
wherein the slot extends radially inwardly from the cir-
cumferential outer surface of the full face crown,
wherein the slot defines a bottom surface and an apex,
and wherein the apex of the slot is positioned beyond the
center of the cutting face of the drill bit such that the
longitudinal axis of the drill bit extends through the
bottom surface of the slot and into an interior void area
of the slot; and

a plurality of wear-resistant members embedded within
portions of at least one of the bottom surface and a side
wall of the slot.

2. The drill bit of claim 1, wherein the plurality of wear-
resistant members comprises wear-resistant members that are
embedded within portions of a side wall of the slot that serves
as an impact (trailing) wall during rotation of the drill bit.

3. The drill bit of claim 2, wherein at least a portion of the
wear-resistant members within the impact (trailing) wall of
the slot extend proudly from the impact (trailing) wall.

4. The drill bit of claim 2, wherein the wear-resistant mem-
bers within the impact (trailing) wall of the slot are positioned
in a series of rows of wear-resistant members.

5. The drill bit of claim 4, wherein the plurality of wear-
resistant members comprise additional rows of wear resistant
members that are encapsulated within the drill bit in an under-
lying relationship with the rows of the wear-resistant mem-
bers embedded within the impact (trailing) wall of the slot.

6. The drill bit of claim 2, wherein the wear-resistant mem-
bers embedded within the impact (trailing) wall of the slot are
spaced from the cutting face of the drill bit.

7. The drill bit of claim 1, wherein the plurality of wear-
resistant members comprises wear-resistant members that are
embedded within portions of the bottom surface of the slot
that are adjacent to a side wall of the slot that serves as an
impact (trailing) wall during rotation of the drill bit.

8. The drill bit of claim 7, wherein at least a portion of the
wear-resistant members within the bottom surface of the slot
extend proudly from the bottom surface of the slot.

9. The drill bit of claim 7, wherein the wear-resistant mem-
bers within the bottom surface of the slot are positioned in a
series of rows of wear-resistant members.

10. The drill bit of claim 9, wherein the plurality of wear-
resistant members comprise additional rows of wear resistant
members that are encapsulated within the drill bit in an under-
lying relationship with the rows of the wear-resistant mem-
bers embedded within the bottom surface of the slot.

11. The drill bit of claim 1, wherein each wear-resistant
member is an elongated member.
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12. The drill bit of claim 1, wherein each wear-resistant
member comprises at least one of Tungsten Carbide, TSD
(thermally stable diamond), PDC (polycrystalline diamond
compact), CBN (cubic boron nitride), single crystal Alumi-
num Oxide, Silicon Carbide, wear resistant ceramic materi-
als, synthetic diamond materials, natural diamond, and poly-
crystalline diamond materials.

13. The drill bit of claim 1, further comprising a conduit
defined in the drill bit that is in communication with the
interior space and with a portion of the defined slot.

14. The drill bit of claim 13, wherein the conduit extends
through the bottom surface of the slot.

15. The drill bit of claim 1, wherein the slot a, a wedge
shape.

16. The drill bit of claim 15, wherein the bottom surface of
the slot is angled proximally to encourage the dispersal of
fractured material proximally away from the cutting face of
the drill bit.

17. The drill bit of claim 1, wherein the full face crown does
not comprise a waterway extending radially between the
outer surface of the full face crown and the interior space.

18. The drill bit of claim 1, wherein the outer surface of'the
full face crown defines a plurality of channels extending
radially inwardly toward the longitudinal axis.

19. The drill bit of claim 18, wherein each channel of the
plurality of channels has a width, and wherein the width of
each channel decreases from the outer surface of the full face
crown moving radially inwardly toward the longitudinal axis.

20. The drill bit of claim 13, wherein an over-center area is
defined on the cutting face of the bit by the position of the
apex relative to a defined center C of the cutting face; and
wherein the over-center area, as a percentage of the area of the
cutting face, is between about 5% and about 45%.

21. The drill bit of claim 1, wherein the drill bit is a dia-
mond-impregnated drill bit.

22. The drill bit of claim 1, wherein the drill bit comprises:

first and second cutting portions that define respective por-

tions of the cutting face; and

an axially recessed portion positioned radially between the

first and second cutting portions, wherein the recessed
portion is recessed relative to the cutting face.

23. The drill bit of claim 22, wherein the drill bit comprises
aplurality of bores defined in the recessed portion of the drill
bit; wherein each bore of the plurality of bores is positioned in
communication with the interior space.

24. The drill bit of claim 23, wherein the first cutting
portion circumferentially surrounds the recessed portion of
the drill bit, and wherein the first cutting portion has an
interior wall that defines at least one channel that is positioned
in fluid communication with a respective bore of the plurality
of'bores defined in the recessed portion of the drill bit.

25. The drill bit of claim 23, wherein the recessed portion
of the drill bit circumferentially surrounds a portion of the
second cutting portion, and wherein the second cutting por-
tion is substantially centrally positioned relative to the cutting
face such that the second cutting portion cooperates with side
walls of the slot to define the apex of the slot.

26. The drill bit of claim 25, wherein the second cutting
portion defines at least one channel that is positioned in fluid
communication with a respective bore of the plurality of
bores defined in the recessed portion of the drill bit.
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