
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date
10 December 2009 (10.12.2009) WO 2009/149158 A2

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
E21B 10/42 (2006.01) E21B 10/54 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/US2009/046092 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

3 June 2009 (03.06.2009) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,

(26) Publication Language: English SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
12/133,288 4 June 2008 (04.06.2008) US (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): BAKER GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

HUGHES INCORPORATED [US/US]; P.O.Box 4740, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Houston, TX 77027 (US). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(72) Inventors; and ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),(75) Inventors/Applicants (for US only): SMITH, Redd, H.
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,

[US/US]; 9 110 Grogans Mill Road, The Woodlands, TX
MR, NE, SN, TD, TG).

77380 (US). DUGGAN, James [US/US]; 9 110 Grogans
Mill Road, The Woodlands, TX 77380 (US). Published:

(74) Agent: WELBORN, Brian, S.; Intellectual Property — without international search report and to be republished
Counsel, Baker Hughes Incorporated, P.O.Box 4740, upon receipt of that report (Rule 48.2(g))
Houston, TX 77210-4740 (US).

(54) Title: METHODS OF ATTACHING A SHANK TO A BODY OF AN EARTH BORING TOOL INCLUDING A LOAD
BEARING JOINT AND TOOLS FORMED BY SUCH METHODS

(57) Abstract: Earth-boring rotary drill bits including a bit body at

tached to a shank assembly at a joint. In some embodiments, the joint
may be configured to carry at least a portion of any tensile longitudi
nal and rotational load applied to the drill bit by mechanical interfer
ence at the joint. In additional embodiments, the joint may be confi g
ured to carry a selected portion of any tensile longitudinal load applied
to the drill bit. Methods for attaching a shank assembly to a bit body
of an earth-boring rotary drill bit include configuring a joint to carry at
least a portion of any tensile longitudinal and rotational load applied
to the drill bit by mechanical interference. Additional embodiments in
clude configuring a joint to carry a selected portion of any tensile lon
gitudinal load applied to the drill bit by mechanical interference.



METHODS OF ATTACHING A SHANK TO A BODY OF AN
EARTH-BORING TOOL INCLUDING A LOAD-BEARING JOINT

AND TOOLS FORMED BY SUCH METHODS

PRIORITY CLAIM

This application claims the benefit of the filing date of United States Patent

Application Serial No. 12/133,288, filed June 4, 2008, for "Methods of Attaching a

Shank to a Body of an Earth-Boring Tool Including a Load-Bearing Joint and Tools

Formed by Such Methods."

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 drill bit or other tool for earth

boring that includes a shank attached to a body and to resulting drill bits and tools.

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 conventional particle-matrix

composite material 15. 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 drill 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 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 is 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 drill

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. Alternatively, the shank 20 of the drill bit 10 may be coupled directly to the

drive shaft of a down-hole motor, 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 under weight applied through the drill string 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 using hand-held tools. Additional

clay work also may 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 therefrom.

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.

BRIEF SUMMARY OF THE INVENTION

In one embodiment, the present invention includes an earth-boring rotary drill

bit having a bit body attached to a shank assembly at a joint. The joint may be

configured to carry at least a portion of any tensile longitudinal load applied to the

earth-boring rotary drill bit and at least a portion of any rotational load applied to the

earth-boring rotary drill bit by mechanical interference between the bit body and the

shank assembly at the joint.

In another embodiment, the present invention includes an earth-boring rotary

drill having a connection portion attached to a shank assembly at a joint. The joint may

be configured to carry a selected portion of any tensile longitudinal load applied to the

drill bit by mechanical interference between abutting surfaces of the connection portion

and the shank assembly at the joint.

In yet another embodiment, the present invention includes a method of

attaching a shank assembly to a bit body of an earth-boring rotary drill bit by abutting

at least one surface of the shank assembly against at least one surface of the bit body to

form a joint and configuring the joint to carry at least a portion of any tensile

longitudinal load applied to the drill bit and at least a portion of any rotational load

applied to the drill bit by mechanical interference between the bit body and the shank

assembly at the joint.



In yet an additional embodiment, the present invention includes a method of

attaching a shank assembly to a bit body of an earth-boring rotary drill bit by abutting

at least one surface of the bit body against at least one surface of a shank assembly to

form a joint and configuring the joint to carry a selected portion of any tensile

longitudinal load applied to the drill bit by mechanical interference between the

abutting surfaces of the bit body and the shank assembly.

BRIEF 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 longitudinal cross-sectional 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 perspective view of one embodiment of an earth-boring rotary drill

bit of the present invention that includes a shank assembly attached directly to a portion

of a bit body of the drill bit using a load-bearing joint;

FIG. 3 is a longitudinal cross-sectional view of the earth-boring rotary drill bit

shown in FIG. 2;

FIG. 4 is an exploded longitudinal cross-sectional view of the earth-boring

rotary drill bit shown in FIG. 2;

FIG. 5 is a transverse cross-sectional view of the earth-boring rotary drill bit

shown in FIGS. 2-4 taken along section line A-A shown in FIG. 3;

FIG. 6 is a transverse cross-sectional view like that of FIG. 5 illustrating

another embodiment of an earth-boring rotary drill bit of the present invention;

FIG. 7 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit of the present invention that includes a bit body and a shank

assembly having abutting surfaces comprising an arcuate geometry;

FIG. 8 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit of the present invention that includes a bit body and a shank

assembly having abutting surfaces comprising semi-circular geometry;



FIG. 9 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit of the present invention that includes a bit body and a shank

assembly having abutting surfaces comprising a plurality of channels and protrusions;

FIG. 10 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit of the present invention that includes a bit body having a

protrusion secured at least partially within a channel of a shank assembly;

FIG. 11 is a partial longitudinal cross-sectional schematic view of a portion of

an interface between a shank assembly and a bit body;

FIG. 12 is a two-dimensional free body diagram of an infinitesimally small

portion of the loaded interface shown in FIG. 11 illustrating forces acting thereon;

FIG. 13 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit of the present invention that includes a bit body having at

least one surface oriented at an angle to the longitudinal axis of the drill bit, the surface

abutting against a complementary surface of a shank assembly;

FIG. 14 is an enlarged view of a portion of the earth-boring rotary drill bit

shown in FIG. 13;

FIG. 15 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit of the present invention that includes a bit body having at

least one surface oriented at an acute angle to the longitudinal axis of the drill bit, the at

least one surface abutting against a complementary surface of a shank assembly;

FIG. 16 is an enlarged view of a portion of the earth-boring rotary drill bit

shown in FIG. 15;

FIG. 17 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit of the present invention that includes a bit body and an

extension having two longitudinally interlocking channels and protrusions; and

FIG. 18 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit of the present invention that includes a shank secured

directly to a portion of a bit body of the drill bit.

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.

Furthermore, embodiments of the present invention include, without limitation, core

bits, bi-center bits, eccentric bits, so-called "reamer wings" as well as drilling and other

downhole tools that may employ a body having a shank secured thereto in accordance

with the present invention. Therefore, as used herein, the terms "earth-boring drill bit"

and "drill bit" encompass all such structures.

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. Furthermore, conventional joints formed to secure a metal shank to

a bit body may fail during drilling operations. Specifically, a joint securing a bit body

to a metal shank may fail due to both a torque applied to the shank by a drill string or a

drive shaft of a downhole motor during a drilling operation and longitudinal forces

applied to the shank by a drill string during a drilling operation. Such longitudinal

forces may include, for example, compressive forces applied to the shank during

drilling and tensile forces applied to the shank while back reaming or tripping the drill

bit from the wellbore. If a bit body becomes detached from a shank or drill string

during drilling operations it can be difficult, time consuming, and expensive to remove

the bit body from the bore hole.

In view of the above, the inventors of the present invention have developed

methods for attaching a bit body to a shank assembly of an earth-boring rotary drill bit.

Such methods and earth-boring rotary drill bits formed using such methods are

described below with reference to FIGS. 2-18. Such methods include forming joints

between a bit body and a shank assembly that exhibit mechanical interference between

the bit body and the shank for bearing at least a portion of the longitudinal and/or

torsional loads applied to the joint. Additionally, such methods may include selectively

apportioning any longitudinal loads applied to a shank assembly to the mechanical

interference between the bit body and the shank assembly.

An embodiment of an earth-boring rotary drill bit 42 of the present invention is

shown in a perspective view in FIG. 2, and in a longitudinal cross-sectional view in

FIG. 3. As shown in FIG. 3, the earth-boring rotary drill bit 42 may not include a metal

blank, such as the steel blank 16 of the drill bit 10 (FIG. 1). In contrast, a shank



assembly, which includes a shank 48 secured to an extension 50, may be secured

directly to the particle-matrix composite material 46 of a bit body 44. As used herein,

the term "shank assembly" means any structure or assembly that is or may be attached

directly to a bit body of an earth-boring rotary drill bit that includes a threaded

connection configured for coupling the structure or assembly, and the bit body attached

thereto, to a drill string. Shank assemblies include, for example, a shank secured to an

extension member, such as the shank 48 and the extension 50 of the earth-boring rotary

drill bit 42, as well as a shank that is used without an extension member, as described

below in reference to the earth-boring rotary drill bit 300 shown in FIG. 18.

As shown in FIG. 3, the shank 48 may include a connection portion 28 (e.g., an

American Petroleum Institute (API) threaded connection portion) and may be at least

partially secured to the extension 50 by a weld 49 extending at least partially around

the drill bit 42 on an exterior surface thereof along an interface between the shank 48

and the extension 50. By way of example and not limitation, both the shank 48 and the

extension 50 may each be formed from steel, another iron-based alloy, or any other

material that exhibits acceptable physical properties.

In some embodiments, the bit body 44 may comprise 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. In some embodiments, the hard particles may comprise 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, and the

matrix material may be 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 or equal to the weight percentage of all

other components of the alloy individually.

In some embodiments, the bit body 44 may include a plurality of blades

separated by junk slots (similar to the blades 30 and the junk slots 32 shown in FIG. 1).

A plurality of cutting elements (similar to the cutting elements 34 shown in FIG. 1,



which may include, for example, PDC cutting elements) may be mounted on a face 55

of the bit body 44 along each of the blades.

One or more surfaces 56 of the bit body 44 may be configured to abut against

one or more complementary surfaces 58 of the extension 50. In some embodiments, a

braze alloy 60 or other adhesive material may be provided between the abutting

surfaces 56, 58 of the bit body 44 and the extension 50 to at least partially secure the bit

body 44 to the extension 50, as shown in FIG. 3. In addition to the braze alloy 60, a

weld 62 extending around at least a portion of the drill bit 42 on an exterior surface

thereof along an interface between the bit body 44 and the extension 50 may

additionally be used to at least partially secure the extension 50 to the bit body 44. In

additional embodiments, there may be no braze alloy 60 or other adhesive material

between the abutting surfaces 56, 58. In yet additional embodiments, as shown in

FIG. 3, a braze alloy 60 or other adhesive material may be provided along a portion of

the interface of the abutting surfaces 56, 58 and along another portion of the interface

the surfaces 56, 58 may directly abut against each other.

For purposes of illustration, the thickness of the braze alloy 60 shown in

FIGS. 3-18 has been exaggerated. In actuality, the surfaces 56, 58 on opposite sides of

the braze alloy 60 may abut one another over substantially the entire area between the

surfaces 56, 58, as described herein, and any braze alloy 60 provided between the

surfaces 56, 58 may be substantially disposed in the relatively small gaps or spaces

between the opposing surfaces 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 approximately 500 microns

(approximately 0.02 inches) between the opposing and abutting surfaces. As used

herein, the term "abutting surfaces" includes opposing surfaces that abut one another

over an 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 shown in FIG. 3, the abutting surfaces 56, 58 may not include threads.

However, in other embodiments, at least a portion of the abutting surfaces 56, 58 may

include threads (not shown).



FIG. 4 is an exploded longitudinal cross-sectional view of the earth-boring

rotary drill bit 42 shown in FIGS. 2 and 3. As shown in FIGS. 3 and 4, in some

embodiments, the bit body 44 may comprise a male connection portion 52, and the

extension 50 may comprise a female connection portion 54 having a complementary

size and shape to the male connection portion 52. For example, one or more of the

surfaces 56 of the bit body 44 may define the male connection portion 52 and one or

more of the surfaces 58 of the extension 50 may define the female connection

portion 54.

The female connection portion 54 of the extension 50 is configured to receive

the male connection portion 52 of the bit body 44 therein to form a joint between the

extension 50 and the bit body 44. As discussed in further detail below, this joint

between the extension 50 and the bit body 44 may be configured such that mechanical

interference between the extension 50 and the bit body 44 at the joint carries at least a

portion of any longitudinal load applied thereto during drilling operations. In

particular, the joint may comprise a threadless joint configured to carry at least a

portion of any tensile longitudinal load applied thereto, such as, for example, during

back reaming or tripping the drill bit. The threadless joint may also be configured to

carry at least a portion of any rotational load (i.e., torque) applied thereto during

drilling operations, as described hereinabove. As used herein, the term "threadless

joint" means any joint between members that is free of cooperating threads on the

members that engage one-another at the joint as the members are aligned and rotated

relative to one another.

For example, the joint between the extension 50 and the bit body 44 may

comprise an interlocking channel 66 and protrusion 68, which may be disposed in a

plane oriented transverse to the longitudinal axis L42 of the drill bit 42. The

interlocking channel 66 and protrusion 68 may extend at least partially around (e.g.,

entirely around) the longitudinal axis L42 of the drill bit 42. In the embodiment shown

in the figures, the surfaces 56 of the bit body 44 may comprise or define the

channel 66, which extends into the male connection portion 52 in a direction extending

generally radially inward toward the longitudinal axis L42, and the surfaces 58 of the

extension 50 may comprise or define the protrusion 68, which is disposed within the

channel 66. The protrusion 68 may be configured to have a complementary size and



shape to the channel 66, and the protrusion 68 and the channel 66 may be configured to

longitudinally interlock with each other. In other words, the protrusion 68 may extend

radially toward the longitudinally axis L42 and into the radially recessed channel 66 so

that at least a portion of the protrusion 68 is positioned longitudinally beneath a

flange 64 on the male connection portion 52 of the bit body 44, as shown in FIG. 4. In

some embodiments, at least a portion of interlocking channel 66 and protrusion 68 may

have an annular shape that is generally circular or a generally oval (in a plane that is

oriented transverse to the longitudinal axis L of the drill bit 42). In additional

embodiments, not shown, the surfaces of the bit body 44 may comprise or define the

protrusion and the surfaces of the extension 50 may comprise or define the channel.

As the joint between the extension 50 and the bit body 44 may be configured to

carry a portion of any longitudinal load applied to the earth-boring rotary drill bit 42

during drilling operations, the channel 66 and protrusion 68 each may be configured to

include abutting surface areas large enough to carry a substantial portion of any

longitudinal load applied to the earth-boring rotary drill bit 42. By way of example and

not limitation, the channel 66 may be configured to extend radially into the male

connection portion 52 of the bit body 44 towards the longitudinal axis L42 a distance Y

that is at least approximately five percent (5%) of the radius R of the shank 48, as

shown in FIG. 4. In some embodiments, the channel 66 may extend radially toward

the longitudinal axis L 2 a distance Y that is between approximately ten percent (10%)

and approximately seventy-five percent (75%) of the radius R of the shank 48.

In the above described configuration, mechanical interference between the

extension 50 and the bit body 44 may prevent or hinder relative longitudinal movement

between the extension 50 and the bit body 44 in directions parallel to the longitudinally

axis L 2. In other words, any longitudinal force applied to the shank 48 by a drill string

(not shown) during a drilling operation, or a substantial portion thereof, may be carried

by the longitudinally interlocking joint between the extension 50 and the bit body 44.

In particular, when any tensile longitudinal force is applied to the drill bit 42, the

mechanical interference at the joint will cause at least a portion or small volume of the

extension 50 and at least a portion or small volume of the bit body 44 at the interface

between the abutting surfaces 56, 58 to be in compression.



As the joint may be configured such that mechanical interference between the

extension 50 and the bit body 44 carries at least a portion of the longitudinal forces or

loads applied to the drill bit 42, the joint may be configured to reduce or prevent any

longitudinal forces or loads from being applied to the braze alloy 60 and/or weld 62

that also may be used to secure the extension 50 to the bit body 44. As a result, the

joint between the extension 50 and the bit body 44 may prevent failure of the braze

alloy 60 and the weld 62 between the bit body 44 and the extension 50 during drilling.

In addition to carrying longitudinal loads, in some embodiments, mechanical

interference between the extension 50 and the bit body 44 at the joint therebetween

may be configured to carry at least a portion of any rotational or torsional loads applied

to the drill bit 42 during drilling operations. FIG. 5 is a transverse cross-sectional view

of the earth-boring rotary drill bit 42 of FIG. 3 taken along section line A-A shown

therein. In some embodiments, the abutting surfaces 56, 58 forming the channel 66

and protrusion 68 of the joint between the extension 50 and the bit body 44 may be

concentric to (i.e., both approximately centered) an interface axis Ai that is not aligned

with the longitudinal axis L of the earth-boring rotary drill bit 42. For example, the

interface axis A1 may be offset or shifted (e.g., laterally offset or shifted) from or

relative to the longitudinal axis L 2 of the earth-boring rotary drill bit 42. By way of

example and not limitation, the interface axis Ai may be laterally offset or shifted from

or relative to the longitudinal axis L42 of the earth-boring rotary drill bit 42 by a

distance X that is between approximately one percent (1%) and approximately fifty

percent (50%) of an exterior diameter D of the male connection portion 52 of the bit

body 44. Furthermore, the abutting surfaces 56, 58 of the joint that are concentric to

the interface axis Ai may have a substantially circular shape, as shown in FIG. 5. In

additional embodiments, the abutting surfaces 56, 58 of the joint that are concentric to

the interface axis Ai may have an ovular, elliptical, or polygonal shape, or any other

simple or complex shape that is approximately centered about the interface axis Ai.

By forming or otherwise causing the abutting surfaces 56, 58 of the joint

between the extension 50 and the bit body 44 to be concentric to an interface axis Ai

that is laterally offset or shifted from or relative to the longitudinal axis L42 of the

earth-boring rotary drill bit 42, as shown in FIG. 5, mechanical interference between

the bit body 44 and the extension 50 may prevent or hinder relative rotational



movement between both the extension 50 and the bit body 44. 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 extension 50 may carry at least a portion of the torque and may

prevent at least a portion of the torque from being carried by the braze alloy 60 and/or

weld 62 between the bit body 44 and the extension 50. Thus, the abutting surfaces 56,

58 of the joint that are concentric to an interface axis A1that is laterally offset or shifted

from or relative to the longitudinal axis L 2 of the earth-boring rotary drill bit 42 may

prevent failure of the braze alloy 60 and/or the weld 62 and prevent rotational slippage

at the interface between the abutting surfaces 56, 58 of the bit body 44 and the

extension 50.

In some situations, however, it may not be necessary or desired to form or

otherwise cause the abutting surfaces 56, 58 of the joint to be concentric to an interface

axis A1 that is laterally offset or shifted from or relative to the longitudinal axis L42 of

the rotary drill bit 42. In additional embodiments, the abutting surfaces 56, 58 may be

concentric to the longitudinal axis L 2 of the earth-boring rotary drill bit 42, as shown

in FIG. 6.

Thus, by configuring the earth-boring rotary drill bit 42 with a joint between

the extension 50 and the bit body 44 that includes one or more longitudinally

interlocking channels 66 and protrusions 68, and by configuring the abutting

surfaces 56, 58 of the joint to be concentric to an interface axis A1that is laterally offset

or shifted from or relative to the longitudinal axis L42, mechanical interference between

the extension 50 and the bit body 44 at the joint may carry both longitudinal and

torsional forces or loads applied to the drill bit 42 during drilling and may prevent

failure of the braze alloy 60 and/or the weld 62 between the bit body 44 and the

extension 50 due to such longitudinal and torsional forces.

As shown in FIG. 2, and more particularly in the exploded longitudinal

cross-sectional view of FIG. 4, the extension may comprise two or more separate

portions 70, 72 or members that may be assembled around the male connection

portion 52 of the bit body 44 and secured together. By forming the extension 50 from

two or more separate portions or members, the extension 50 may be assembled around

the male connection portion 52 of the bit body 44 such that the protrusion 68 of the



extension 50 is longitudinally interlocked with and secured within the channel 66 of the

bit body 44. As shown in FIG. 2, a weld groove 74 may be provided along each

interface between the two or more separate portions 70, 72 of the extension 50 to

facilitate welding the two or more separate portions 70, 72 together along the weld

grooves 74. In other words, the two separate portions 70, 72 of the extension 50 may

be secured together around the male connection portion 52 of the bit body by at least

one weld 76 (FIG. 5) formed in each of the longitudinally extending weld grooves 74.

In additional embodiments, the two separate portions 70, 72 may be secured together

by one or more of a braze alloy, a swage, and mechanical fastening means in addition

to or in place of the welds 76.

FIG. 7 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit 400 of the present invention. Like the previously described

drill bit 42, the earth-boring rotary drill bit 400 shown in FIG. 7 does not include a

metal blank, such as the metal blank 16 of the drill bit 10 (FIG. 1). Instead, the rotary

drill bit 400 comprises a shank assembly, which includes a shank 48 secured to an

extension 50, secured directly to the particle-matrix composite material 46 of a bit

body 44.

The earth-boring rotary drill bit 400 is similar to the drill bit 42 shown in FIG. 3

and retains the same reference numerals for similar features. Similar to the drill bit 42,

the extension 50 of the drill bit 400 may comprise a female connection portion 54

which is configured to receive a male connection portion 52 of the bit body 44 therein

to form a joint between the extension 50 and the bit body 44. However, as shown in

FIG. 7, the interlocking channel 466 and protrusion 468 forming the joint between the

extension 50 and the bit body 44 may not be generally rectangular. As shown in

FIG. 7, the interlocking channel 466 and protrusion 468 may comprise a generally

arcuate shape.

While the geometries of the interlocking channels 466, 66 and protrusions 468,

68 of the previously described drill bits 42, 400 are shown having a particular

geometry, the embodiments of the present invention is not so limited and the

interlocking channel and protrusion forming the load-bearing joint may comprise any

complex or simple geometry that will carry at least a portion of any longitudinal and/or

torsional load that may be applied to the drill bit during drilling operations.



FIG. 8 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit 500 of the present invention. Like the previously described

drill bits 42, 400, the earth-boring rotary drill bit 500 shown in FIG. 8 does not include

a metal blank, such as the metal blank 16 of the drill bit 10 (FIG. 1). Instead, the rotary

drill bit 500 comprises a shank assembly, which includes a shank 48 secured to an

extension 50, secured directly to the particle-matrix composite material 46 of a bit

body 44.

The earth-boring rotary drill bit 500 illustrates another non-limiting geometry

in which the interlocking channel and protrusion forming the load-bearing joint may be

configured. In particular, as shown in FIG. 8, the interlocking channel 566 and

protrusion 568 of the earth-boring rotary drill bit 500 may be configured in a

semi-circular geometry.

FIG. 9 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit 600 of the present invention. Like the previously described

drill bit 42, the earth-boring rotary drill bit 600 shown in FIG. 9 does not include a

metal blank, such as the metal blank 16 of the drill bit 10 (FIG. 1). Instead, the rotary

drill bit 600 comprises a shank assembly, which includes a shank 48 secured to an

extension 50, secured directly to the particle-matrix composite material 46 of a bit

body 44.

The earth-boring rotary drill bit 400 is similar to the drill bit 42 shown in FIG. 3

and retains the same reference numerals for similar features. However, as shown in

FIG. 9, the interlocking channel 666 may comprise a plurality of smaller channels 670

and the interlocking protrusion 668 may comprise a plurality of smaller

protrusions 672.

FIG. 10 is a longitudinal cross-sectional view of yet another embodiment of an

earth-boring rotary drill bit 700 of the present invention. Like the previously described

drill bit 42, the earth-boring rotary drill bit 700 shown in FIG. 10 does not include a

metal blank, such as the metal blank 16 of the drill bit 10 (FIG. 1). Instead, the rotary

drill bit 700 comprises a shank assembly, which includes a shank 48 secured to an

extension 50, secured directly to the particle-matrix composite material 46 of a bit

body 44.



The earth-boring rotary drill bit 700 is similar to the drill bit 42 shown in FIG. 3

and retains the same reference numerals for similar features. However, as shown in

FIG. 10, the surfaces of the bit body 44 may comprise or define the at least one

protrusion 768 and the surfaces of the extension 50 may comprise or define the

channel 766. As shown in FIG. 10, the at least one protrusion 768 and the channel 766

may extend around the longitudinal axis L700 of the drill bit 700 in a plane oriented at

an angle to the longitudinal axis L700.

Each of the joints between the extensions 50 and the bit bodies 44 of the

earth-boring rotary drill bits 400, 500, 600, 700 may be configured such that

mechanical interference between the extension 50 and the bit body 44 carries all or a

selected portion of any longitudinal and torsional loads applied to the drill bits 400,

500, 600, 700 during drilling operations. Thus, the channels 466, 566, 666, 766 and the

protrusions 468, 568, 668, 768 may be configured to longitudinally interlock with one

another, and the abutting surfaces 56, 58 may be concentric to (i.e., both approximately

centered about) an interface axis A1 that is not aligned with the longitudinal axes L40O,

L500, L oo, L70O of the earth-boring rotary drill bits 400, 500, 600, 700, in a manner

similar to that described above in reference to the earth-boring rotary drill bit 42.

Additionally, the bit body 44 and the extension 50 of the earth-boring rotary

drill bits 400, 500, 600, 700 may be configured such that a transverse cross-sectional

view of the earth-boring rotary drill bits 400, 500, 600, 700 taken along section lines

F-F, G-G, H-H, I-I shown in FIGS. 7-1 1 respectively appears substantially similar to

FIG. 5 or to FIG. 6. The extension 50 may comprise two or more separate portions 70,

72, which may be secured together around the male connection portion 52 of the bit

body 44 in a manner similar to the two or more separate portions 70, 72 of the

extension 50 described above in relation to the earth-boring rotary drill bit 42 shown in

FIGS. 2-5.

In additional embodiments of the present invention, the percentage of the

longitudinal load applied to the drill bit 42 during drilling operations may be selectively

apportioned between mechanical interference within the joint (mechanical interference

between the extension 50 and the bit body 44) and the weld 62 (and/or braze alloy 60)

at the joint to ensure that the weld 62 is not subjected to loads beyond its load-bearing

capability. FIGS. 11 and 12 are simplified schematic illustrations presented herein to



assist in describing methods that may be used to selectively apportion the percentage of

a longitudinal load that is applied to a joint (e.g., the joint between the extension 50 and

the bit body 44) between mechanical interference and a weld (and/or a braze alloy) at

the joint. FIG. 11 illustrates, as a non-limiting example used for description purposes,

a steel extension 100 that is secured to a tungsten carbide bit body 102 in a manner

similar to that previously described in relation to the drill bit 42 (FIGS. 2-5), except

that the interlocking protrusion and channel between the extension 100 and the bit

body 102 have abutting surfaces that have a generally frustoconical shape along the

interface therebetween. The steel extension 100 and the tungsten carbide bit body 102

are illustrated being subjected to longitudinal forces FL, like those that may be

experienced by a drill bit during drilling operations. FIG. 11 illustrates a virtual

infinitesimally small portion 106 of the loaded interface between the steel

extension 100 and the tungsten carbide bit body 102. It is assumed that the

infinitesimally small portion 106 is disposed along a plane 104 that is tangent to the

interface between the extension 100 and the bit body 102, the plane 104 being oriented

at an angle θ with respect to a longitudinal axis Li02 of the bit body 102. A static

coefficient of friction µ may be exhibited between the extension 100 and the bit

body 102.

The forces acting on the infinitesimally small portion 106 are shown on the free

body diagram of FIG. 12. The longitudinal forces FL acting on the drill bit may be

resolved into a number of component forces including a normal force FN that is

oriented normal to the plane 104, a sliding force Fs that is oriented parallel to the

plane 104, and a frictional force Fµ that is also oriented parallel to the plane 104, but

opposite to the sliding force Fs. The normal force FN equals the longitudinal force FL

multiplied by the sine of the angle θ; the sliding force Fs equals the longitudinal force

FL multiplied by the cosine of the angle θ; and the frictional force Fµ equals the normal

force FN multiplied by the coefficient of friction µ.

When the sliding force Fs is greater than the frictional force Fµ (µ*FL*sine θ <

FL*cosine θ (i.e., µ < cotangent θ)), longitudinal sliding will occur between the

extension 100 and bit body 102. Thus, when µ > cotangent θ, no longitudinal sliding

will occur regardless of the magnitude of the longitudinal force F applied to the bit

body 102 and the extension 100. Therefore, the critical angle θc at which no sliding



will occur equals the arc-cotangent of µ. Thus, no sliding will occur if the angle θ is

larger than the critical angle θc, but sliding may occur if the angle θ is smaller than the

critical angle θc. In theory, the amount of the longitudinal load or force F L causing any

slippage will be the difference between the sliding force Fs and the friction force Fµ.

Thus, the percentage P of any longitudinal load or force FL that will cause any slippage

is equal to 100*(cosine θ - µ*sine θ).

Thus, for a given coefficient of friction µ between a bit body 102 and an

extension 100, if the angle θ is greater than the critical angle θc (arc-cotangent µ), when

a longitudinal load is applied to the extension 100 or bit body 102 during drilling, the

bit body 102 may exhibit the tendency to slide relative to the extension 100, and a

portion of the longitudinal load would be transferred to the weld 108 securing the bit

body 102 and the extension 100 together. In theory, the percentage of any longitudinal

load applied to the bit body 102 and the extension 100 that may be transferred to the

weld 108 will be equal to 100 * (cosine θ - µ*sine θ). Based on these calculations, the

sizing of the angle θ may allow any longitudinal load applied to the bit body 102 and

the extension 100 to be selectively apportioned between the weld 108 and the

mechanical interference between the extension 100 and the bit body 102 at the joint

therebetween. As the weld 108 may be robust, it may not be necessary to completely

prevent any load from being carried by the weld 108. Therefore, in some

embodiments, the angle θ may be calculated based on the strength of the weld 108 and

manufacturing capabilities.

As a non-limiting example, when the extension 100 is formed from steel and

the bit body 102 is formed from tungsten carbide, the coefficient of friction µ

therebetween may be between approximately 0.4 and 0.6. When the coefficient of

friction is between approximately 0.4 and 0.6, the critical angle θc at which no axial

load may be carried by the weld 108 may be between approximately sixty-eight

degrees (68°) and approximately fifty-nine degrees (59°). Therefore, the range of the

angle θ at which a portion of any longitudinal load may be transferred to the weld 108

may be between approximately one degree (1°) and approximately seventy degrees

(70°).

Each of the examples of ranges or particular angles described above in relation

to the angle θ may be absolute angles. Thus, the plane 104 between the bit body 102



and the extension 100, which extends at the angle θ relative to the longitudinal axis

Lio2, may extend radially outward and longitudinally upward relative to the

longitudinal axis L1O2 or radially inward and longitudinally downward relative to the

longitudinal axis L1O-

FIG. 13 is a longitudinal cross-sectional view of another earth-boring rotary

drill bit 142 of the present invention formed using the methods described above in

relation to FIGS. 11 and 12. The earth-boring rotary drill bit 142 is substantially

similar to the drill bit 42 shown in FIGS. 2-5 and retains the same reference numerals

for similar features. Like the previously described drill bit 42, the earth-boring rotary

drill bit 142 does not include a metal blank, such as the metal blank 16 of the drill

bit 10 (FIG. 1), but includes a shank assembly comprising a shank 48 and an

extension 50 secured directly to the particle-matrix composite material 46 of the bit

body 44. However, as shown in FIGS. 13 and 14 (FIG. 14 being an enlarged view of

the portion of the earth-boring rotary drill bit 142 within the circle 143 shown in

FIG. 13), the male connection portion 152 and channel 166 of the bit body 44 and the

female connection portion 154 and the protrusion 168 of the extension 50 may be

defined by at least one surface 146, 148 that extends at an angle 160 relative the

longitudinal axis L 2 of the earth-boring rotary drill bit 142. As shown in FIGS. 13

and 14, the channel 166 and the protrusion 168 longitudinally interlock in a manner

similar to that of the channel 66 and the protrusion 68 previously described in relation

to the earth-boring rotary drill bit 42 shown in FIGS. 2-5.

As described above in relation to the angle θ shown in FIGS. 11 and 12, the

angle 160 (FIG. 14) may be configured such that a portion of any longitudinal load

applied to the earth-boring rotary drill bit 142 may be selectively apportioned between

mechanical interference at the joint between the extension 50 and the bit body 44 and

the weld 62 (and/or braze alloy 60).

In some embodiments, the angle 160 (FIG. 14) may be greater than or equal to

the arc-cotangent of the coefficient of friction between the abutting surfaces 146, 148

of the bit body 44 and the extension 50. In such a configuration, substantially the

entire longitudinal load applied to the earth-boring rotary drill bit 142 may be carried

by the mechanical interference between the extension 50 and the bit body 44 at the

joint therebetween. In additional embodiments, the angle 160 may be selected to be



less than the arc-cotangent of the coefficient of friction between the abutting

surfaces 146, 148 of the bit body 44 and the extension 50. In such a configuration, a

selected portion of the longitudinal load applied to the earth-boring rotary drill bit 142

may be carried by the mechanical interference between the extension 50 and the bit

body 44 at the joint therebetween, and the remaining portion of the longitudinal load

applied to the earth-boring rotary drill bit 142 may be carried by the weld 62 (and/or

the braze alloy 60).

In some embodiments, the angle 160 may comprise an angle between

approximately one degree (1°) and approximately seventy-five degrees (75°). In other

embodiments, the angle 160 may comprise an angle between approximately ten

degrees (10°) and approximately sixty degrees (60°). In the particular embodiment

shown in FIGS. 13 and 14 as a non-limiting example, the angle 160 may be

approximately fifteen degrees (15°). When the angle 160 equals approximately fifteen

degrees (15°) and the coefficient of friction between the abutting surfaces 146, 148 of

the bit body 44 and the extension 50 is equal to approximately 0.5, the percentage of

any longitudinal load applied to the shank 48 that may be carried by the weld 62

(and/or the braze alloy 60) may be approximately eighty-four percent (84%) of the total

longitudinal load.

By orienting at least one surface, or portion thereof, 146, 148 of each of the

channel 166 and the protrusion 168 at an angle 160 as shown in FIGS. 13 and 14, and

by configuring the channel 166 and the protrusion 168 to longitudinally interlock, the

joint between the bit body 44 and the extension 50 may be configured to reduce or

prevent any portion of the longitudinal load that may be applied to the earth-boring

rotary drill bit 142 during drilling operations from being applied to the weld 62 (and/or

the braze alloy 60) between the bit body 44 and the extension 50.

The bit body 44 and the extension 50 of the earth-boring rotary drill bit 142

may be formed or otherwise provided in any number of different configurations that

embody teachings of the present invention. For example, the bit body 44 and the

extension 50 of the earth-boring rotary drill bit 142 may be formed or otherwise

provided such that a transverse cross-sectional view of the earth-boring rotary drill

bit 142, taken along section line B-B shown in FIG. 13, appears substantially similar to

FIG. 5 or to FIG. 6. In other words, the abutting surfaces 146, 148 of the joint between



the bit body 44 and the extension 50 may be configured to be concentric to an interface

axis Ai that is laterally offset or shifted from or relative to the longitudinal axis Li42 of

the earth-boring rotary drill bit 142 (in a manner similar to that shown in FIG. 5), or

they may be configured to be concentric to the longitudinal axis Li42 of the

earth-boring rotary drill bit 142 (in a manner similar to that shown in FIG. 6).

Furthermore, the extension 50 of the earth-boring rotary drill bit 142 may

comprise two or more separate portions 70, 72, which may be secured together around

the male connection portion 152 of the bit body 44 as described above in relation to the

two or more separate portions 70, 72 of the earth-boring rotary drill bit 42 shown in

FIGS. 2-5.

FIG. 15 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit 182 of the present invention formed using the methods

described above in relation to FIGS. 11 and 12. FIG. 16 is an enlarged view of the

portion of the earth-boring rotary drill bit 182 within the circle 183 shown in FIG. 15.

The earth-boring rotary drill bit 182 is substantially similar to the drill bit 42 shown in

FIGS. 2-5 and retains the same reference numerals for similar features. As shown in

FIGS. 11 and 12, the male connection portion 192 and channel 196 of the bit body 44

and the female connection portion 194 and the protrusion 198 of the extension 50 may

be defined by surfaces 186, 188 oriented at an angle 200 (FIG. 16) relative to the

longitudinal axis L ]82 of the earth-boring rotary drill bit 182. The channel 196 and the

protrusion 198 longitudinally interlock with one another in a manner similar to that

previously described in relation to the channel 66 and the protrusion 68 of the

earth-boring rotary drill bit 42 shown in FIGS. 2-5.

The angle 200 may be configured such that a portion of any longitudinal load

applied to the earth-boring rotary drill bit 182 may be selectively apportioned between

mechanical interference between the male connection portion 192 and the female

connection portion 194 (at the joint between the extension 50 and the bit body 44) and

the weld 62 (and/or the brazing alloy 60). In the particular, non-limiting example

shown in FIGS. 1 1 and 12, the angle 200 may be approximately forty-five degrees

(45°). When the angle 200 equals approximately forty-five degrees (45°) and the

coefficient of friction between the abutting surfaces 186, 188 of the bit body 44 and the

extension 50 is equal to approximately 0.5, the percentage of any longitudinal load



applied to the drill bit 182 that may be carried by the weld 62 (and/or the braze

alloy 60) may be approximately thirty-five percent (35%) of the total longitudinal load.

In additional embodiments, however, the angle 200 may be selected to be equal to or

greater than the critical angle, such that substantially the entire longitudinal load

applied to the drill bit 182 may be carried by the mechanical interference between the

bit body 44 and the extension 50.

The bit body 44 and the extension 50 of the earth-boring rotary drill bit 182

may be formed or otherwise provided in any number of different configurations that

embody teachings of the present invention. For example, the bit body 44 and the

extension 50 of the earth-boring rotary drill bit 182 may be formed or otherwise

provided such that a transverse cross-sectional view of the earth-boring rotary drill

bit 182, taken along section line C-C shown in FIG. 15, appears substantially similar to

FIG. 5 or to FIG. 6. In other words, the abutting surfaces 186, 188 of the joint, may be

configured to be concentric to an interface axis A1that is laterally offset or shifted from

or relative to the longitudinal axis L of the earth-boring rotary drill bit 182, in a

manner similar to that shown in FIG. 5. As discussed above, by configuring the

earth-boring rotary drill bit 182 with a joint including the channel 196 and

protrusion 198 which longitudinally interlock and by configuring the abutting

surfaces 186, 188 of the joint to be concentric to an interface axis A1 that is laterally

offset or shifted from or relative to the longitudinal axis Li82, the mechanical

interference at the joint between the bit body 44 and the extension 50 may carry both

longitudinal and torsional forces or loads applied to the drill bit during the drilling

process and may prevent failure of the weld 62 (and/or the braze alloy 60) between the

bit body 44 and the extension 50 due to such longitudinal and torsional forces.

In additional embodiments, the abutting surfaces 186, 188 of the joint of the

earth-boring rotary drill bit 182, may be configured to be concentric to the longitudinal

axis Li82 of the earth-boring rotary drill bit 182, in a manner similar to that shown in

FIG. 6.

Furthermore, the extension 50 of the earth-boring rotary drill bit 182 may

comprise two or more separate portions 70, 72 which may be secured together around

the male connection portion 192 of the bit body 44 as described above in relation to the

two separate portions 70, 72 of the earth-boring rotary drill bit 42 shown in FIGS. 2-5.



FIG. 17 is a longitudinal cross-sectional view of another embodiment of an

earth-boring rotary drill bit 230 of the present invention formed using methods

described herein. The earth-boring rotary drill bit 230 is substantially similar to the

drill bit 182 shown in FIGS. 15 and 16 and retains the same reference numerals for

similar features. Like the previously described drill bits 42, 142, and 182, the

earth-boring rotary drill bit 230 shown in FIG. 17 includes a shank assembly

comprising an extension 50 secured directly to the particle-matrix composite

material 46 of the bit body 44. As shown in FIG. 17, however, the joint between the

extension 50 and the bit body 44 may include more than one longitudinally

interlocking channel and protrusion. The non-limiting example embodiment shown in

FIG. 17 includes two longitudinally interlocking channels 236, 240 and two

complementary protrusions 238, 242. In additional embodiments, however, the bit

body 44 may include any number of channels and the extension 50 may include any

number of corresponding protrusions.

Similar to the channel 196 described above in relation to FIG. 15, each of the

channels 236, 240 may be defined by at least one surface 246, 250 of the bit body 44,

and each of the protrusions 238, 242 may be defined by at least one surface 248, 252 of

the extension 50. The abutting surfaces 246, 248, and the abutting surfaces 250, 252,

each may be oriented at an angle 254, 256 relative the longitudinal axis L2 of the

earth-boring rotary drill bit 230, and may have a frustoconical shape. The angles 254,

256 may fall within the ranges described previously in relation to the angle 160

(FIG. 14). In some embodiments, the angle 254 may be substantially equal to

angle 256. In additional embodiments, the angle 254 may differ from the angle 256.

By orienting the abutting surfaces 246, 248 of the channel 236 and the

protrusion 238 at an angle 254, and orienting the abutting surfaces 248, 252 of each of

the channel 240 and the protrusion 242 at an angle 256 as shown in FIG. 17, and by

configuring the channels 236, 240 and the protrusions 238, 242 to longitudinally

interlock with one another, the mechanical interference at the joint between the bit

body 44 and the extension 50 may carry at least a portion of any longitudinal load

applied to the drill bit 230 during drilling operations. Furthermore, the angles 254, 256

may be configured such that a selected portion of any longitudinal load applied to the



earth-boring rotary drill bit 230 during operation, may be apportioned between the

mechanical interference at the joint and the weld 62 (and/or braze alloy 60).

The bit body 44 and the extension 50 of the earth-boring rotary drill bit 230

may be formed or otherwise provided in any number of different configurations that

embody teachings of the present invention. For example, the bit body 44 and the

extension 50 of the earth-boring rotary drill bit 230 may be formed or otherwise

provided such that a transverse cross-sectional view of the earth-boring rotary drill

bit 230, taken along section line D-D shown in FIG. 17, appears substantially similar to

any one of FIGS. 5-6. In other words, the abutting surfaces 246, 248, 250, 252 forming

the joint between the bit body 44 and the extension, may be configured to be concentric

to an interface axis A that is laterally offset or shifted from or relative to the

longitudinal axis L23oof the earth-boring rotary drill bit 230, in a manner similar to that

shown in FIG. 5. As discussed above, by configuring the earth-boring rotary drill

bit 230 with the channels 236, 240 and protrusions 238, 242 and by configuring the

abutting surfaces 246, 248, 250, 252 of the joint to be concentric to an interface axis Ai

that is laterally offset or shifted from or relative to the longitudinal axis L230,

mechanical interference between the extension 50 and the bit body 44 at the joint may

carry both longitudinal and torsional forces or loads applied to the drill bit during

drilling operations and may prevent failure of the weld 62 (and/or braze alloy 60) due

to such longitudinal and torsional forces.

Furthermore, the extension 50 of the earth-boring rotary drill bit 230 may

comprise two or more separate portions 70, 72, which may be secured together around

the male connection portion 192 of the bit body 44 as described above in relation to the

two or more separate portions 70, 72 of the earth-boring rotary drill bit 42 shown in

FIGS. 2-5.

Similar to the methods described above in relation to the orientation of the

abutting surfaces of the channels and the protrusions of the earth-boring rotary drill

bits 142, 182, 230 shown in FIG. 13-17, the abutting surfaces 56, 58 of the earth-boring

rotary drill bits 400, 500, 600, 700 shown in FIG. 7-10 may be configured such that a

portion of any longitudinal load applied to the earth-boring rotary drill bits 400, 500,

600, 700 may be selectively apportioned between mechanical interference at the joint



between the extension 50 and the bit body 44 and the weld 62 (and/or braze alloy 60)

using computation methods.

While the embodiments of drill bits described hereinabove each include a

shank assembly comprising a shank 48 secured to an extension 50, the present

invention is not so limited. FIG. 18 is a longitudinal cross-sectional view of another

embodiment of an earth-boring rotary drill bit 300 of the present invention. As shown

therein, the shank assembly of the drill bit 300 comprises a shank 302 secured directly

to the bit body 44 without using an extension therebetween. Like the previously

described drill bits 42, 142, 182, 230, the earth-boring rotary drill bit 300 shown in

FIG. 18 does not include a metal blank, such as the metal blank 16 of the drill bit 10

(FIG. 1). The shank 302 is secured directly to the particle-matrix composite

material 46 of the bit body 44.

The earth-boring rotary drill bit 300 is similar to the drill bit 42 shown in FIG. 3

and retains the same reference numerals for similar features. However, as shown in

FIG. 18 the earth-rotary drill bit 300 does not include an extension. The shank 302

includes a female connection portion 306 including a protrusion 308 (similar to the

female connection portion and the protrusion described above in relation to the drill

bit 42), which is secured directly to the male connection portion 52 and the channel 66

of the bit body 44. In this configuration, a mechanically interfering joint is provided

between the shank 302 and the bit body 44 by the channel 66 and the complementary

protrusion 308.

Additionally, as shown in FIG. 18, the one or more surfaces 56 of the bit

body 44 configured to abut directly against one or more complementary surfaces 318

of the shank 302 may comprise any portion of the abutting surface 56. Thus, while in

the embodiments discussed hereinabove the longitudinally uppermost surface 56 of the

bit body has been configured to abut directly against a surface of the shank assembly

without any braze alloy 60 disposed therebetween, the present invention is not so

limited and any portion of the surface 56 may be configured to abut directly against the

surfaces of the shank assembly.

The joint between the shank 302 and the bit body 44 may be configured such

that mechanical interference between the shank 302 and the bit body 44 carries all or a

selected portion of any longitudinal and torsional loads applied to the drill bit 300



during drilling operations. Thus, the channel 66 and the protrusion 308 may be

configured to longitudinally interlock with one another, and the abutting surfaces 56,

318 may be concentric to (i.e., both approximately centered about) an interface axis Ai

that is not aligned with the longitudinal axis L300of the earth-boring rotary drill bit 300,

in a manner similar to that described above in reference to the earth-boring rotary drill

bit 42.

Additionally, the bit body 44 and the shank 302 of the earth-boring rotary drill

bit 300 may be configured such that a transverse cross-sectional view of the

earth-boring rotary drill bit 300 taken along section line E-E shown in FIG. 18 appears

substantially similar to FIG. 5 or to FIG. 6.

The shank 302 may comprise two or more separate members 310, 312, which

may be secured together around the male connection portion 52 of the bit body 44 in a

manner similar to the two or more separate portions 70, 72 of the extension 50

described above in relation to the earth-boring rotary drill bit 42 shown in FIGS. 2-5.

Furthermore, each interface between the two separate members 310, 312 of the

extension 50 may comprise at least one longitudinally extending weld groove (not

shown) similar to the weld groove 74 shown in FIG. 2. The two separate

members 310, 312 of the shank 302 may be secured together, by way of example and

not limitation, by at least one weld (not shown in FIG. 18) formed in the longitudinally

extending weld groove. In other embodiments, the two or more separate members 310,

312 may be secured together by a braze alloy, a swage, or mechanical fastening means

in addition to or in place of a weld.

The joints of the present invention and the methods used to form such joints

may find particular utility with drill bits including new particle-matrix composite

materials. 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 point 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 (FIG. 1).

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 (FIG. 1).

h 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. Furthermore, because of the difference in melting temperatures and

possible chemical incompatibility between a bit body formed from a new

particle-matrix composite material and a shank formed from a metal alloy, welds used

to secure the bit body to the shank may be difficult to form and may not exhibit the

strength and durability of conventional welds. Therefore, the methods of the present

invention including forming a joint between a bit body and a shank assembly that

exhibits mechanical interference between the bit body and the shank for bearing at least



a portion of longitudinal and/or torsional loads applied to the joint and methods of

selectively apportioning any longitudinal loads applied to a shank assembly to

mechanical interference between the bit body and the shank assembly may be

particularly useful for forming joints between bit bodies formed from new

particle-matrix composite materials and a shank formed from a metal.

While the channels and protrusions described hereinabove in the different

embodiments have been shown in the figures as including relatively sharp corners and

edges, in additional embodiments, the relatively sharp corners and edges may be

replaced with rounded or smoothly curved corners and edges to minimize any

concentration of stress that might occur at such sharp corners and edges during drilling

operations. Additionally, the channels and protrusions and the male and female

connection portions may comprise a wide variety of geometries and are shown herein

as having particular geometries set forth herein as non-limiting examples to facilitate

description of the present invention.

Additionally, while several embodiments of the invention have been illustrated

as comprising bit bodies having one or more protrusions thereon and extension

members and/or shanks having one or more recesses therein that are complementary to

the protrusions and configured to receive the protrusions therein, in additional

embodiments of the invention, such recesses may be provided in the bit bodies and the

protrusions may be provided on the extensions and/or shanks.

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.



CLAIMS

What is claimed is:

1. An earth-boring rotary drill bit comprising:

a bit body; and

a shank assembly attached to the bit body at a joint, the joint configured to carry at least

a portion of any tensile longitudinal load applied to the earth-boring rotary drill

bit by mechanical interference between the bit body and the shank assembly at

the joint.

2. The earth-boring rotary drill bit of claim 1, wherein the joint comprises

athreadlessjoint.

3. The earth-boring rotary drill bit of claim 1 or claim 2, wherein the joint

is further configured to carry at least a portion of any rotational load applied to the

earth-boring rotary drill bit by mechanical interference between the bit body and the

shank assembly at the joint.

4. The earth-boring rotary drill bit of any one of claims 1 through 3,

wherein the bit body comprises a male connection portion and the shank assembly

comprises a female connection portion configured to receive the male connection

portion of the bit body at least partially therein.

5. The earth-boring rotary drill bit of any one of claims 1 through 4,

wherein the shank assembly comprises two or more separate members secured together

around the male connection portion of the bit body.

6. The earth-boring rotary drill bit of any one of claims 1 through 3,

wherein the bit body and the shank assembly have abutting surfaces concentric to an

interface axis offset from a longitudinal axis of the earth-boring rotary drill bit.



7. The earth-boring rotary drill bit of any one of claims 1 through 6,

wherein the bit body and the shank assembly have abutting surfaces comprising at least

one channel and at least one interlocking protrusion that extend circumferentially at

least partially around a longitudinal axis of the earth-boring rotary drill bit.

8. The earth-boring rotary drill bit of claim 7, wherein at least one surface

of the bit body comprises the at least one channel and at least one surface of the shank

assembly comprises the at least one interlocking protrusion.

9. The earth-boring rotary drill bit of claim 7, wherein the at least one

channel extends radially inward toward the longitudinal axis of the earth-boring rotary

drill bit a distance of at least five percent (5%) of a radius of the shank assembly.

10. The earth-boring rotary drill bit of claim 7, wherein at least a portion of

the abutting surfaces is oriented at an acute angle relative to the longitudinal axis of the

earth-boring rotary drill bit, the angle being greater than about the arc-cotangent of a

static coefficient of friction exhibited between the abutting surfaces.

11. The earth-boring rotary drill bit of any one of claims 1 through 10,

wherein the bit body predominantly comprises 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.

12. The earth-boring rotary drill bit of any one of claims 1 through 11,

further comprising at least one of a weld and a brazing material at an interface between

abutting surfaces of the bit body and the shank assembly.



13. A method of attaching a shank assembly to a bit body of an

earth-boring rotary drill bit, the method comprising:

abutting at least one surface of the shank assembly against at least one surface of the bit

body to form a joint, and

configuring the joint to carry at least a portion of any tensile longitudinal load applied

to the drill bit by mechanical interference between the bit body and the shank

assembly at the joint.

14. The method of claim 13, wherein abutting the at least one surface of the

shank assembly against the at least one surface of the bit body to form the joint

comprises abutting the at least one surface of the shank assembly against the at least

one surface of the bit body to form a threadless joint.

15. The method of claim 13 or claim 14, wherein configuring the joint to

carry at least a portion of any tensile longitudinal load applied to the drill bit by

mechanical interference between the bit body and the shank assembly at the joint

further comprises configuring the joint to carry at least a portion of any rotational load

applied to the drill bit by mechanical interference between the bit body and the shank

assembly at the joint.

16. The method of any one of claims 13 through 15, wherein configuring

the joint comprises causing the abutting surfaces of the shank and the bit body to be

concentric to an interface axis offset from a longitudinal axis of the earth-boring rotary

drill bit.

17. The method of any one of claim 13 through 15, wherein configuring the

joint comprises longitudinally interlocking at least one channel extending

circumferentially at least partially around a longitudinal axis of the earth-boring rotary

drill bit with at least one protrusion.



18. The method of any one of claims 13 through 17, wherein abutting

comprises placing a female connection portion of the shank assembly around a male

connection portion of the bit body.

19. The method of claim 18, wherein placing the female connection portion

of the shank assembly around the male connection portion of the bit body comprises

placing a first separate member of the female connection portion of the shank assembly

around the male connection portion of the bit body and placing at least a second

separate member of the female connection portion of the shank assembly around

another portion of the male connection portion of the bit body and securing the first and

the at least a second separate members of the female connection portion of the shank

assembly together.

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

orienting at least a portion of the abutting surfaces at an acute angle greater than about

the arc-cotangent of a static coefficient of friction exhibited between the abutting

surfaces relative to the longitudinal axis of the earth-boring rotary drill bit.
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