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METHODS OF ATTACHING A SHANK TO A BODY OF AN EARTH-BORING
DRILLING TOOL, AND TOOLS FORMED BY SUCH METHODS

PRIORITY CLAIM
This application claims the benefit of the filing date of United States Patent
Application Serial No. 11/637,327, filed 12 December 2006.

TECHNICAL FIELD
The present invention generally relates to earth-boring drill bits and other tools
that may be used to drill subterranean formations, and to methods of manufacturing
such drill bits and tools. More particularly, the present invention relates to methods for
attaching a shank to a body of a tool such as an earth-boring rotary drill bit, and to dnll
bits and other tools that include a shank attached to a body.

.

BACKGROUND

Rotary drill bits are commonly used for drilling bore holes or wells in earth
formations. One type of rotary drill bit is the fixed-cutter bit (often referred to as a
“drag” bit), which typically includes a plurality of cutting elements secured to a face
region of a bit body. The bit body of a rotary drill bit may be formed from steel.
Alternatively, the bit body may be formed from a particle-matrix composite material.
A conventional earth-boring rotary drill bit 10 is shown in FIG. 1 that includes a bit
body 12 comprising a particle-matrix composite material 15. The bit body 12 is
secured to a steel shank 20 having a threaded connection portion 28 (e.g., an American
Petroleum Institute (API) threaded connection portion) for attaching the drill bit 10 to a
driil string (not shown). The bit body 12 includes a crown 14 and a steel blank 16. The
steel blank 16 is partially embedded in the crown 14. The crown 14 includes a
particle-matrix composite material 15, such as, for example, particles of tungsten
carbide embedded in a copper alloy matrix material. The bit body 12 is secured to the
steel shank 20 by way of a threaded connection 22 and a weld 24 extending around the
drill bit 10 on an exterior surface thereof along an interface between the bit body 12 and
the steel shank 20.

The bit body 12 further includes wings or blades 30 that are separated by junk
slots 32. Internal fluid passageways (not shown) extend between the face 18 of the bit
body 12 and a longitudinal bore 40, which extends through the steel shank 20 and
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partially through the bit body 12. Nozzle inserts (not shown) also may be provided at
the face 18 of the bit body 12 within the internal fluid passageways.

A plurality of cutting elements 34 are attached to the face 18 of the bit body 12.
Generally, the cutting elements 34 of a fixed-cutter type drill bit have either a disk
shape or a substantially cylindrical shape. A cutting surface 35 comprising a hard,
super-abrasive material, such as mutually bound particles of polycrystalline diamond,
may be provided on a substantially circular end surface of each cutting element 34.
Such cutting elements 34 are often referred to as “polycrystalline diamond compact”
(PDC) cutting elements 34. The PDC cutting elements 34 may be provided along the
blades 30 within pockets 36 formed in the face 18 of the bit body 12, and may be
supported from behind by buttresses 38, which may be integrally formed with the
crown 14 of the bit body 12. Typically, the cutting elements 34 are fabricated
separately from the bit body 12 and secured within the pockets 36 formed in the outer
surface of the bit body 12. A bonding material such as an adhesive or, more typically, a
braze alloy may be used to secure the cutting elements 34 to the bit body 12.

During drilling operations, the drill bit 10 is secured to the end of a dnll string,
which includes tubular pipe and equipment segments coupled end to end between the
drill bit 10 and other drilling equipment at the surface. The drill bit 10 is positioned at
the bottom of a well bore hole such that the cutting elements 34 are adjacent the earth
formation to be drilled. Equipment such as a rotary table or top drive may be used for
rotating the drill string and the drill bit 10 within the bore hole. Altematively, the
shank 20 of the drill bit 10 may be coupled directly to the drive shaft of a down-hole
xriotor, which then may be used to rotate the drill bit 10. As the drill bit 10 is rotated,
drilling fluid is pumped to the face 18 of the bit body 12 through the longitudinal bore
40 and the internal fluid passageways (not shown). Rotation of the drill bit 10 causes
the cutting elements 34 to scrape across and shear away the surface of the underlying
formation. The formation cuttings mix with and are suspended within the drilling fluid
and pass through the junk slots 32 and the annular space between the well bore hole and
the drill string to the surface of the earth formation.

Conventionally, bit bodies that include a particle-matrix composite material 15,
such as the previously described bit body 12, have been fabricated in graphite molds
using a so-called “infiltration” process. The cavities of the graphite molds are
conventionally machined with a multi-axis machine tool. Fine features are then added

to the cavity of the graphite mold by hand-held tools. Additional clay work also may
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be required to obtain the desired configuration of some features of the bit body. Where
necessary, preform elements or displacements (which may comprise ceramic
components, graphite components, or resin-coated sand compact components) may be

positioned within the mold and used to define the internal passages, cutting element

~ pockets 36, junk slots 32, and other external topographic features of the bit body 12.

The cavity of the graphite mold is filled with hard particulate carbide material (such as
tungsten carbide, titanium carbide, tantalum carbide, etc.). The preformed steel blank
16 may then be positioned in the mold at the appropriate location and orientation. The
steel blank 16 typically is at least partially submerged in the particulate carbide material
within the mold.

The mold then may be vibrated or the particles otherwise packed to decrease the
amount of space between adjacent particles of the particulate carbide material. A
matrix material (often referred to as a “binder” material), such as a copper-based alloy,
may be melted, and caused or allowed to infiltrate the particulate carbide material
within the mold cavity. The mold and bit body 12 are allowed to cool to solidify the
matrix material. The steel blank 16 is bonded to the particle-matrix composite
material 15 forming the crown 14 upon cooling of the bit body 12 and solidification of
the matrix material. Once the bit body 12 has cooled, the bit body 12 is removed from
the mold and any displacements are removed from the bit body 12. Destruction of the
graphite mold typically is required to remove the bit body 12.

The PDC cutting elements 34 may be bonded to the face 18 of the bit body 12
after the bit body 12 has been cast by, for example, brazing, mechanical, or adhesive
affixation. Alternatively, the cutting elements 34 may be bonded to the face 18 of the
bit body 12 during furnacing of the bit body if thermally stable synthetic or natural
diamonds are employed in the cutting elements 34. ‘

After the bit body 12 has been formed, the bit body 12 may be secured to the
steel shank 20. As the particle-matrix composite materials 15 typically used to form
the crown 14 are relatively hard and not easily machined, the steel blank 16 is used to
secure the bit body 12 to the shank 20. Complementary threads may be machined on
exposed surfaces of the steel blank 16 and the shank 20 to provide the threaded
connection 22 therebetween. The steel shank 20 may be threaded onto the bit body 12,
and the weld 24 then may be provided along the interface between the bit body 12 and
the steel shank 20.
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DISCLOSURE OF THE INVENTION

In one embodiment, the present invention includes an earth-boring rotary drill bit
having a bit body attached to a shank. The bit body and the shank may have abutting
surfaces that are concentric to an axis that is offset or shifted relative to a longitudinal axis
of the drill bit.

In another embodiment, the present invention includes a method of attaching a
shank and a bit body of an earth-boring rotary drill bit. At least one surface of the shank is
abutted against at least one surface of the bit body, and the abutting surfaces are caused to
be concentric to an axis that is offset or shifted relative to a longitudinal axis of the drill
bit.

In yet another embodiment, the present invention ihcludes an earth-boring rotary
drill bit comprising a bit body having a connection portion thereof attached to a metal
shank. The connection portion of the bit body may be predominantly comprised of a
particle-matrix composite material. The connection portion of the bit body and the shank
may include abutting surfaces, at least a portion of which may have a generally
frustoconical shape.

Further embodiments of the preseﬁt invention include, without limitation, core
bits, bi-center bits, eccentric bits, so-called “‘reamer wings” as well as drilling and other
downhole tools employing a body having a shank secured thereto in accordance with the
present invention. Therefore, as used herein, the term “drill bit” encompasses all such
structures. .

DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and
distinctly claiming that which is regarded as the present invention, the advantages of this
invention may be more readily ascertained from the following description of the invention
when read in conjunction with the accompanying drawings in which:

FIG. 1 is a partial cross-sectional side view of a conventional earth-boring rotary
drill bit that has a bit body that includes a particle-matrix composite material;

FIG. 2 is a cross-sectional side view of one example of an earth-boring rotary dnill
bit that embodies teachings of the present invention and includes a shank directly attached
to a portion of a bit body of the drill bit that includes a particle-matrix composite material;

FIG. 3 is a cross-sectional view of one embodiment of the drill bit shown in FIG. 2

taken along section line A-A shown therein;
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FIG. 4 is a cross-sectional view of an;)ther embodiment of the drill bit shown in
FIG. 2 taken along section line A-A shown therein; ’

FIG. 5 is a cross-sectional view of yet another embodiment of the drill bit shown
in FIG. 2 taken along section line A-A shown therein;

FIG. 6 is a cross-sectional view of an additional embodiment of the drill bit shown
in FIG. 2 taken along section line A-A shown therein;

FIG. 7 is a cross-sectional side view of another example of an earth-boring rotary
drill bit that embodies teachings of the present invention;

FIG. 8 is a partial cross-sectional side view of an additional example of an
earth-boring rotary drill bit that embodies teachings of the present invention; and

FIG. 9 is a partial cross-sectional side view of yet another example of an
earth-boring rotary drill bit that embodies teachings of the present invention and includes a
shank directly attached to a portion of a bit body of the drill bit that includes a

particle-matrix composite material.

MODE(S) FOR CARRYING OUT THE INVENTION

The illustrations presented herein are not meant to be actual views of any
particular material, apparatus, system, or method, but are merely idealized representations
which are employed to describe the present invention. Additionally, elements common
between figures may retain the same numerical designation.

As previously discussed, it can be difficult to secure a metal shank, such as the
previously described shank 20 (FIG. 1) to a bit body formed from a relatively hard and
abrasive material, such as a particle-matrix composite material. As conventional
particle-matrix composite bit bodies generally include a matrix material having a
relatively low melting-point (e.g., a copper based alloy) and are formed by the previously
described infiltration process, a metal blank, such as the previously described metal blank
16 (FIG. 1), can be provided in the bit body as the bit body is formed and used to facilitate
attachment of the bit body to a shank for attachment to a drill string. For example,
complementary threads may be machined on the metal blank and the shank, and the shank
may be threaded onto the metal blank, as previously discussed.

The depth of well bores being drlled continues to increase as the number of
shallow depth hydrocarbon-bearing earth formations continues to decrease. These

increasing well bore depths are pressing conventional drill bits to their limits in terms of
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performance and durability. Several drill bits are often required to drill a single well bore,
and changing a drill bit on a drill string can be expensive.

New particle-matrix composite materials are currently being investigated in an
effort to improve the performance and durability of earth-boring rotary drill bits.
Examples of such new particle-matrix composite materials are disclosed in, for example,
pending United States Patent Application Serial No. 11/272,439, filed November 10,
2005, pending United States Patent Application Serial No. 11/540,912, filed September
29, 2006, and pending United States Patent Application Serial No. 11/593,437, filed
November 6, 2006.

Such new particle-matrix composite materials may include matrix materials that
have a melting point relatively higher than the melting pBint of conventional matrix
materials used in infiltration processes. By way of example and not limitation,
nickel-based alloys, cobalt-based alloys, cobalt and nickel-based alloys, aluminum-based
alloys, and titanium-based alloys are being considered for use as matrix materials in new
particle-matrix composite materials. Such new matrix materials may have a melting point
that is proximate to or higher than the melting points of metal alloys (e.g., steel alloys)

conventionally used to form a metal blank, and/or they may be chemically incompatible

with such metal alloys conventionally used to form a metal blank, such as the previously '

described metal blank 16.

Furthermore, bit bodies that comprise such new particle-matrix composite
materials may be formed from methods other than the previously described infiltration
processes. By way of example and not limitation, bit bodies that include such
particle-matrix composite materials may be formed using powder compaction and
sintering techniques. Examples of such techniques are disclosed in the above-mentioned
pending United States Patent Application Serial No. 11/272,439, filed November 10,
2005, and in pending United States Patent Application Serial No. 11/271,153, also filed
November 10, 2005. Such techniques may require sintering at temperatures proximate to
or higher than the melting points of metal alloys (e.g., steel alloys) conventionally used to
form a metal blank, such as the previously described metal blank 16.

In view of the above, it may be difficult or impossible to provide a metal blank in
bit bodies formed from or comprising such new particle-matrix composite materials. As a
result, it may be relatively difficult to attach a drill bit comprising a bit body formed from
such new particle-matrix materials to a shank or other component of a drill string.

Methods for attaching a bit body of an earth-boring rotary drill bit and a shank and that
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may be used with bit bodies comprising such new particle-matrix composite materials are
described below with reference to FIGS. 2-9.

An earth-boring rotary drill bit 42 that embodies teachings of the present invention
is shown in FIG. 2. The drill bit 42 includes a bit body 44 comprising a particle-matrix
composite material 46. By way of example and not limitation, the particle-matrix
composite material 46 may comprise a plurality of hard particles dispersed throughout a
matrix material, the hard particles comprising a material selected from diamond, boron
carbide, boron nitride, aluminum nitride, and carbides or borides of the group consisting
of W, Ti, Mo, Nb, V, Hf, Zr, Si, Ta, and Cr, the matrix material selected from the group
consisting of iron-based alloys, nickel-based alloys, cobalt-based alloys, titanium-based
alloys; aluminum-based alloys, iron and nickel-based alloys, iron and cobalt-based alloys,
and nickel and cobalt-based alloys. As used herein, the term “[metal]-based alloy” (where
[metal] is any metal) means commercially pure [metal] in addition to metal alloys wherein
the weight percentage of [metal] in the alloy is greater than the weight percentage of any
other component of the alloy.

The bit body 44 is attached to a shank 48, as described in further detail below. In
some embodiments, the bit body 44 may include a plurality of blades 30 that are separated
by junk slots 32 (similar to those shown in FIG. 1). A plurality of cutting elements 34
(which may include, for example, PDC cutting elements) may be mounted on the face 50
of the bit body 44 along each of the blades 30.

The drill bit 42 shown in FIG. 2 may not include a metal blank, such as the metal
blank 16 of the drill bit 10 (FIG. 1). In contrast, the shank 48 may be secured directly to
the particle-matrix composite material 46 of the bit body 44, as shown in FIG. 2. One or
more surfaces 52 of the bit body 44 may be configured to abut against one or more
complementary surfaces 54 of the shank 48. In some embodiments, a braze alloy 60 or
other adhesive material may be provided between the abutting surfaces 52, 54 of the bit
body 44 and the shank 48 to at least partially secure the bit body 44 and the shank 48, as
shown in FIG. 2. In additional embodiments, there may be no braze alloy 60 or other
adhesive material between the abutting surfaces 52, 54.

For purposes of illustration, the thickness of the braze alloy 60 shown in FIGS. 2-9
has been exaggerated. In actuality, the surfaces 52, 54 on opposite sides of the braze alloy
60 may abut one another over substantially the entire area between the surfaces 52, 54, as
described herein, and any braze alloy 60 provided between the surfaces 52, 54 may be

substantially disposed in the relatively small gaps or spaces between the opposing surfaces
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that arise due to surface roughness or imperfections in or on the opposing surfaces. It is
also contemplated that surface features, such as lands, may be provided on one or both of
the opposing and abutting surfaces for defining a gap or standoff having a predefined
thickness of less than about 500 microns (about 0.02 inch) between the opposing and
abutting surface;s. As used herein, the term “abutting surfaces” includes opposing surfaces
that abut one another over a wide area between the surfaces, as well as opposing surfaces
that abut one another at least primarily at surface features that provide a selected standoff
or gap between the surfaces for receiving a braze alloy 60 or other adhesive material
therebetween.

As also shown in FIG. 2, in some embodiments, the shank 48 may comprise a
male connection portion, such as a pin member 56, and the bit body 44 may comprise a
female connection portion, such as a receptacle or recess 58 having a complementary size
and shape to the pin member 56. One or more of the abutting surfaces 54 of the shank 48
may comprise or define external surfaces of the pin member 56 of the shank 48, and one
or more of the abutting surfaces 52 of the bit body 44 may comprise or define the
complementary recess 58 of the bit body 44. In some embodiments, at least a portion of at
least one surface 52 of the bit body 44 and a corresponding portion of at least one surface
54 of the shank 48 may have a generally cylindrical or oval shape.

To secure the bit body 44 and the shank 48, the pin member 56 of the shank 48
may be inserted into the recess 58 of the bit body 44 until the surfaces 52 of the bit body
44 abut against the surfaces 54 of the shank 48. As described above, a braze alloy 60 or
other adhesive material optionally may be provided between the abutting surfaces 52, 54
of the bit body 44 and the shank 48 to at least partially secure the bit body 44 and the
shank 48. In additional embodiments, a weld 62 may be provided along an interface
between the bit body 44 and the shank 48 to at least partially secure the shank 48 to the bit
body 44. In yet other embodiments, the bit body 44 and the shank 48 may be at least
partially secured together using mechanical fastening means, such as, for example, pin
members (not shown) that extend at least partially through both the bit body 44 and the
shank 48, such as those described in pending United States Patent Application Serial
No. 11/272,439, filed November 10, 2005.

FIG. 3 is a cross-sectional view of the drill bit 42 shown in FIG. 2 taken along
section line A-A shown therein. As shown in FIG. 3, in some embodiments, the abutting
surfaces 52, 54 of the bit body 44 and the shank 48 may be concentric to (i.e., both
centered about) an interface axis A that is not aligned with the longitudinal axis Ls; of the
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drill bit 42. For example, interface axis A; may be offset or shifted (e.g., laterally offset
or shifted) from or relative to the longitudinal axis L4; of the rotary drill bit 42. By way of
example and not limitation, the interface axis A| may be laterally offset or shifted from or
relative to the longitudinal axis Ls; of the rotary drill bit 42 by a distance X that is between
about one percent (1%) and about fifty percent (50%) of an exterior diameter D of the pin
member 56 of the shank 48. Furthermore, the abutting surfaces 52, 54 of the bit body 44
and the shank 48 that are concentric to the interface axis A; may have a substantially
circular shape, as shown in FIG. 3. In additional embodiments, the abutting surfaces 52,
54 of the bit body 44 and the shank 48 that are concentric to the interface axis A; may
have an ovular or elliptical shape, or any other simple or complex shape that is centered
about the interface axis A|.

By forming or otherwise causing the abutting surfaces 52, 54 to be concentric to
an interface axis Aj that is laterally offset or shifted from or relative to the longitudinal
axis Ly4; of the rotary drill bit 42, as shown in FIGS. 2-3, mechanical interference between
the bit body 44 and the shank 48 may prevent or hinder relative rotational movement
between the shank 48 and the bit body 48. In other words, as a torque is applied to the
shank 48 by a drill string or a drive shaft of a downhole motor (not shown) during a
drilling operation, mechanical interference between the bit body 44 and the shank 48 may
prevent failure of the joint (e.g., failure of the braze alloy 60 and/or the weld 62) between
the bit body 44 and the shank 48 and rotational slippage at the interface between the
abutting surfaces 52, 54 of the bit body 44 and the shank 48.

In some applications or situations, however, it may not be necessary or desired to
form or otherwise cause the abutting surfaces 52, 54 to be concentric to an interface axis
A that is laterally offset or shifted from or relative to the longitudinal axis L4, of the rotary
drill bit 42. In additional embodiments, the abutting surfaces 52, 54 may be concentric to
the longitudinal axis L4, of the rotary drill bit 42, as shown in FIG. 4.

FIG. 5 is a cross-sectional view like those shown in FIGS. 3 and 4 illustrating yet
another embodiment of the present invention. As shown in FIG. 5, in some embodiments,
a shape of the surface 54 of the pin member 56 of the shank 48 may be configured to
define or comprise at least one protrusion 64, and a shape of the surface 52 of the bit body
44 may be configured to define or comprise at least one recess 66 that is configured to
receive the protrusion 64 therein.

FIG. 6 is another cross-sectional view like those shown in FIGS. 3-5 illustrating an

additional embodiment of the present invention. As shown in FIG. 6, in some
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embodiments, a shape of the surface 54 of the pin member 56 of the shank 48 may be
configured to define or comprise a plurality of protrusions 64, and a shape of the surface
52 of the bit body 44 may be configured to define or comprise a plurality of recesses 66
that are each configured to receive a protrusion 64 therein.

The protrusions 64 shown in cross-section in FIGS. 5 and 6 may project from the
pin member 56 of the shank 48 in a generally radial outward direction, and may extend
along the surface of the pin member 56 of the shank 48 in a generally longitudinal
direction, relative to the longitudinal axis L4 of the rotary drill bit 42 (FIG. 2).
Furthermore, although the protrusions 64 and the complementary recess 66 are shown in
FIGS. 5 and 6 as including relatively sharp comers and edges, in additional embodiments,
the relatively sharp comers and edges may be replaced with radiused or smoothly curved
comers and edges to minimize any concentration of stress that might occur at such sharp
comers and edges during a drilling operation. The protrusions 64 and the recesses 66
shown in FIGS. 5 and 6 may include keys (e.g., so-called “Woodruff Keys) and keyways
(e.g., so-called “Woodruff Keyslots™), respectively.

In additional embodiments, the protrusions 64 shown in FIGS. 5 and 6 may be
defined by the surface 52 of the bit body 44, and the recesses 66 shown in FIGS. 5 and 6
may be defined by the surface 54 of the pin member 56 of the shank 48. Additionally,
although the protrusions 64 and recesses 66 are shown in FIGS. 5 and 6 as being provided
on the abutting surfaces 52, 54 that are concentric to the longitudinal axis L4;, as shown in
FIG. 4, in additional embodiments, protrusions 64 and recesses 66 may be provided on
abutting surfaces 52, 54 that are approximately concentric to an interface axis Aj that is
laterally offset or shifted from or relative to the longitudinal axis L4, of the rotary drill bit
42, such as those shown in FIGS. 2-3.

The protrusions 64 and complementary recesses 66 shown in FIGS. 5 and 6 may
provide an additional or alterative method of providing mechanical interference between
the bit body 44 and the shank 48 to prevent or hinder relative rotational movement
between the shank 48 and the bit body 44 when a torque is applied to the shank 48 during
a drilling operation.

FIG. 7 is a cross-sectional side view of another earth-boring rotary drill bit 70 that
embodies teachings of the present invention. The earth-boring rotary drill bit 70 is similar
to the drill bit 42 previously described in relation to FIGS. 2-6, and includes a bit body 72
attached directly to a shank 74. One or more surfaces 78 of the bit body 72 may be
configured to abut against one or more complementary surfaces 80 of the shank 74.
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Cutting elements 34, such as PDC cutting elements, may be secured to a face 76 of the bit
body 72. In the earth-boring rotary drill bit 85, however, the bit body 72 comprises a male
connection portion, such as a pin member 82, and the shank 74 comprises a female
connection portion, such as a receptacle or recess 84 having a complementary size and
shape to the pin member 82. One or more of the abutting surfaces 78 of the bit body 72
may comprise external surfaces of the pin member 82 of the bit body 72, and one or more
of the abutting surfaces 80 of the shank 74 may define the complementary recess 84 in the
shank 74.

The bit body 72 and the shank 74 of the drill bit 70 may be formed or otherwise
provided in any number of different configurations that embody teachings of the present
invention. For example, the bit body 72 and the shank 74 of the drill bit 70 may be
formed or otherwise provided such that a cross-sectional view of the drill bit 70, taken
along section line B-B shown in FIG. 7, appears substantially similar to any one of FIGS.
3-6. In other words, the abutting surfaces 78, 80 of the bit body 72 and the shank 74, may
be configured to be concentric to an interface axis A; that is laterally offset or shifted from
or relative to the longitudinal axis Lo of the rotary drill bit 70, in a manner similar to that
shown in FIG. 3. In additional embodiments, the abutting surfaces 78, 80 of the bit body
72 and the shank 74, may be configured to be concentric to the longitudinal axis Ly of the
rotary drill bit 70, in a manner similar to that shown in FIG. 4. Furthermore, protrusions
and complementary recesses, such as the protrusions 64 and complementary recesses 66
previously described in relation to FIGS. 5 and 6, may be defined by the abutting surfaces
78, 80 of the bit body 72 and the shank 74. )

FIG. 8 is a partial cross-sectional side view of another earth-boring rotary drill
bit 90 that embodies teachings of the present invention. The earth-boring rotary drill bit
90 also includes a bit body 92 attached directly to a shank 94. One or more surfaces 98 of
the bit body 92 may be configured to abut against one or more complementary surfaces
100 of the shank 94. In some embodiments, the bit body 92 may include a plurality of
blades 30 that are separated by junk slots 32, as shown in FIG. 8. A plurality of PDC
cutting elements 34 may be mounted on the face 96 of the bit body 92 along each of the
blades 30.

Like the previously described drill bit 42 and the previously described drill bit 70,
the drill bit 90 shown in FIG. 8 does not include a metal blank, such as the metal blank 16
of the drill bit 10 (FIG. 1), but is secured directly to the particle-matrix composite material
46 of the bit body 92. As also shown in FIG. 8, in some embodiments, the bit body 92
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may comprise a male connection portion, such as a pin member 102, and the shank 94
may comprise a female connection portion, such as a receptacle or recess 104 having a
complementary size and shape to the pin member 102 and configured to receive the pin
member 102 therein. One or more of the surfaces 98 of the bit body 92 may comprise
external surfaces of the pin member 102 of the bit body 92, and one or more of the
surfaces 100 of the shank 94 may define the complementary recess 104 in the shank 94.
Furthermore, in some embodiments, at least a portion of at least one surface 98 of the bit
body 92 and a corresponding complementary portion of at least one surface 100 of the
shank 94 may have a generally frustoconical shape, as shown in FIG. 8. In some
embodiments, the frustoconical surfaces 98, 100 may be substantially smooth and free of
threads.

The bit body 92 and the shank 94 of the drill bit 90 also may be formed or
otherwise provided such that a cross-sectional view of the drill bit 90, taken along section
line C-C shown in FIG. 8, appears substantially similar to any one of FIGS. 3-6. In other
words, the abutting surfaces 98, 100 of the bit body 92 and the shank 94, may be
configured to be concentric to an interface axis A that is laterally offset or shifted from or
relative to the longitudinal axis Lgg of the rotary drill bit 90, in a manner similar to that
shown in FIG. 3. In additional embodiments, the abutting surfaces 98, 100 of the bit body
92 and the shank 94, may be configured to be concentric to the longitudinal axis Lgg of the
rotary drill bit 90, in a manner similar to that shown in FIG. 4. Furthermore, protrusions
and complementary recesses, such as the protrusions 64 and complementary recesses 66
previously described in relation to FIGS. 5 and 6, may be defined by the abutting surfaces
98, 100 of the bit body 92 and the shank 94.

FIG. 9 is a partial cross-sectional side view of yet another earth-boring rotary drill
bit 110 that embodies teachings of the present invention. The earth-boring rotary drill bit
110 is substantially similar to the drill bit 90 previously described in relation to FIG. 8,
and includes a bit body 112 attached directly to a shank 114. One or more surfaces 118 of
the bit body 112 may be configured to abut against one or more complementary surfaces
120 of the shank 114. Cutting elements 34 may be secured to a face 116 of the bit body
112. In the earth-boring rotary drill bit 110, however, the shank 114 comprises a male
connection portion, such as a pin member 122, and the bit body 112 comprises a female
connection portion, such as a receptacle or recess 124 having a size and shape
complementary to a size and shape of the pin member 122 for receiving the pin member

122 therein. One or more of the abutting surfaces 120 of the shank 114 may comprise
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external surfaces of the pin member 122 of the shank 114, and one or more of the abutting
surfaces 118 of the bit body 112 may define the complementary recess 124 in the bit body
112.

The bit body 112 and the shank 114 of the drill bit 110 may be formed or
otherwise provided such that a cross-sectional view of the drill bit 110, taken along section
line D-D shown in FIG. 9, appears substantially similar to any one of FIGS. 3-6. In other
words, the abutting surfaces 118, 120 of the bit body 112 and the shank 114, may be
configured to be concentric to an interface axis Aj that is laterally offset or shifted from or
relative to the longitudinal axis L;;o of the rotary drill bit 110, in a manner similar to that
shown in FIG. 3. In additional embodiments, the abutting surfaces 118, 120 of the bit
body 112 and the shank 114, may be configured to be concentric to the longitudinal axis -
L0 of the rotary drill bit 110, in a manner similar to that shown in FIG. 4. Furthermore,
protrusions and complementary recesses, such as the protrusions 64 and complementary
recesses 66 previously described in relation to FIGS. 5 and 6, may be defined by the
abutting surfaces 118, 120 of the bit body 112 and the shank 114.

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

invention as contemplated by the inventors.
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CLAIMS
What is claimed is:

1. An earth-boring rotary drill bit comprising a bit body attached to a shank,
the bit body and the shank having abutting surfaces concentric to an interface axis offset

from a longitudinal axis of the drill bit.

2. The rotary drill bit of claim 1, wherein at least a portion of each of the

abutting surfaces has a generally cylindrical shape.

3. The rotary drill bit of claim 1, wherein at least of portion of each of the

abutting surfaces has a generally frustoconical shape.

4. The rotary drill bit of any one of claims 1 through 3, wherein the bit body
comprises a connection portion attached to the shank, the connection portion of the bit
body predominantly comprising a particle-matrix composite material, the particle-matrix
composite material comprising a plurality of hard particles dispersed throughout a matrix
material, the hard particles comprising a material selected from diamond, boron carbide,
boron nitride, aluminum nitride, and carbides or borides of the group consisting of W, Ti,
Mo, Nb, V, Hf, Zr, Si, Ta, and Cr, the matrix material selected from the group consisting
of iron-based alloys, nickel-based alloys, cobalt-based alloys, titanium-based alloys;
aluminum-based alloys, iron and nickel-based alloys, iron and cobalt-based alloys, and

nickel and cobalt-based alloys.

5. The rotary drill bit of any one of claims 1 through 4, wherein a shape of
one of the abutting surfaces defines at least one protrusion, and wherein a shape of another
of the abutting surfaces defines at least one recess, the at least one protrusion disposed at

least partially within the at least one recess.

6. The rotary drill bit of claim 5, wherein the at least one protrusion projects
into the at least one recess in a generally lateral direction relative to a longitudinal axis of

the drill bit.
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7. The rotary drill bit of any one of claims 1 through 6, wherein the shank
comprises a male connection portion and the bit body comprises a female connection
portion configured to receive the male connection portion of the shank at least partially
therein, an exterior surface of the male connection portion and an interior surface of the

female connection portion defining the abutting surfaces.

8. The rotary drill bit of any one of claims 1 through 6, wherein the bit Body
comprises a male connection portion and the shank comprises a female connection portion
configured to receive the male connection portion of the bit body at least partially therein,
an exterior surface of the male connection portion and an interior surface of the female

connection portion defining the abutting surfaces.

9. The rotary drill bit of any one of claims 1 through 8, wherein the abutting

surfaces are free of threads.

10. The rotary drill bit of any one of claims 1 through 9, wherein the abutting

surfaces are substantially smooth.

11. The rotary drill bit of any one of claims 1 through 10, further comprising at
least one of a weld and a brazing material at an interface between the bit body and the

shank.

12. The rotary drill bit of any one of claims 1 through 11, further comprising at

least one cutting element secured to a face of the drill bit.

13. A method of attaching a shank and a bit body of an earth-boring rotary
drill bit, the method comprising:
abutting at least one surface of a shank against at least one surface of a bit body of an
earth-boring rotary drill bit; and
causing the abutting surfaces to be concentric to an interface axis offset from a

longitudinal axis of the drill bit.
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14. The method of claim 13, further comprising:
forming at least one protrusion in one of the abutting surfaces;
forming at least one recess in another of the abutting surfaces; and

inserting the at least one protrusion at least partially into the at least one recess.

15. The method of claim 14, wherein forming at least one protrusion in one of
the abutting surfaces comprises forming at least one protrusion projecting in a generally
lateral direction relative to the longitudinal axis of the drill bit in one of the abutting

surfaces.

16. The method of any one of claims 13 through 15, further comprising:

forming a male connection portion on the bit body;

forming a female connection portion on the shank;

inserting the male connection portion of the bit body into the female connection portion of
the shank;

causing an exterior surface of the male connection portion to abut against an interior
surface of the female connection portion; and

causing the abutting exterior surface of the male connection portion and interior surface of

the female connection portion to be concentric to the interface axis.

17. The method of claim 16, further comprising forming at least a portion of
each of the exterior surface of the male connection portion and the interior surface of the

female connection portion to have a generally frustoconical shape.

18. The method of claim 16, further comprising forming at least a portion of
each of the exterior surface of the male connection portion and the interior surface of the

female connection portion to have a generally cylindrical shape.

19. The method of any one of claims 13 through 18, further comprising
providing at least one of a weld and a brazing material at an interface between the bit body

and the shank.

20. The method of any one of claims 13 through 19, further comprising

securing at least one cutting element to a face of the rotary drill bit.
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