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TITLE
BLADE COVER

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of, and priority to, U.S. Patent Application
No. 63/071,188 entitled “Blade Cover” and filed on August 27, 2020, which is incorporated

herein by reference in its entirety.

BACKGROUND OF THE DISCLOSURE
[0002] Drilling is the process by which resources located in an underground formation
are accessed. Downhole drilling may rotate a bit or other downhole tool to erode the
formation, thereby creating a wellbore that may be thousands of feet deep. Cutting elements
may be attached to the bit to erode the formation. The bit may experience wear from the

formation, drilling fluid, cuttings, and other downhole elements.

SUMMARY

[0003] In some embodiments, a blade cover includes a pre-sintered cover leading face
that connects to a body leading face of a blade on a bit or other downhole tool. A pre-
sintered cover outer face connects to a body outer face of the blade. The cover outer face
extends from a leading face of the blade and past a trailing edge of a cutter pocket on an
outer surface of the blade. The cover leading face and the cover outer face are integrally
formed.

[0004] In some embodiments, a bit includes a body and a blade. A blade cover is brazed
to the blade with a cover braze, and a cutting element is connected to the blade. The cutting
element includes an ultrahard material connected to a substrate. A line drawn through the
blade contacts the cutting element, the blade cover, the cover braze, and the blade.

[0005] In some embodiments, a method of forming a bit includes providing a bit body,
the bit body including a blade with a body leading face and a body outer face. The method
includes providing a pre-sintered blade cover having a cover leading face and a cover outer

face. The blade cover is connected to the blade such that the cover leading face covers at
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least part of the body leading face and the cover outer face covers at least part of the body
outer face.

[0006] This summary is provided to introduce a selection of concepts that are further
described in the detailed description. This summary is not intended to identify key or
essential features of the claimed subject matter, nor is it intended to be used as an aid in
limiting the scope of the claimed subject matter. Additional features and aspects of
embodiments of the disclosure will be set forth herein, and in part will be obvious from the

description, or may be learned by the practice of such embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] In order to describe the manner in which the above-recited and other features
of the disclosure can be obtained, a more particular description will be rendered by
reference to specific embodiments thereof which are illustrated in the appended drawings.
For better understanding, the like elements have been designated by like reference numbers
throughout the various accompanying figures. While some of the drawings may be
schematic or exaggerated representations of concepts, at least some of the drawings may
be drawn to scale. Understanding that the drawings depict some example embodiments,
the embodiments will be described and explained with additional specificity and detail
through the use of the accompanying drawings in which:
[0008] FIG. 1 is a representation of a drilling system, according to at least one
embodiment of the present disclosure;
[0009] FIG. 2 is a representation of a top view of an example bit;
[0010] FIG. 3-1 and FIG. 3-2 are representations of a perspective view of a bit,
according to at least one embodiment of the present disclosure;
[0011] FIG. 4-1 through FIG. 4-3 are representations of a perspective view of another
bit, according to at least one embodiment of the present disclosure;
[0012] FIG. 5 is a representation of a reamer, according to at least one embodiment of
the present disclosure;
[0013] FIG. 6-1 through FIG. 6-3 are representations of a leading face of a blade,

according to at least one embodiment of the present disclosure;
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[0014] FIG. 7-1 through FIG. 7-3 are representations of an outer face of a blade,
according to at least one embodiment of the present disclosure;

[0015] FIG. 8 is a representation of a blade, according to at least one embodiment of
the present disclosure;

[0016] FIG. 9 is a representation of another blade, according to at least one
embodiment of the present disclosure;

[0017] FIG. 10 is a representation of a method of forming a bit, according to at least
one embodiment of the present disclosure; and

[0018] FIG. 11 is a representation of another method of forming a bit, according to at

least one embodiment of the present disclosure.

DETAILED DESCRIPTION

[0019] This disclosure generally relates to devices, systems, and methods for forming
a bit or other downhole tool for use in downhole drilling. A downhole tool includes a body,
which may include one or more blades extending therefrom. A pre-sintered blade cover
may be connected to one of the blades on the downhole tool, such as by braze or by
mechanical fastener. The blade cover may extend over a portion of the leading edge of the
blade and encompass a cutting element on the outer face of the blade. By having a seamless
transition between the leading face and the outer face of the blade cover, the blade cover
may reduce erosion and/or wear of the outer surface of the blade, thereby increasing the
life of the bit. According to embodiments of the present disclosure, the downhole tool may
include any downhole tool, including a bit, including reamers, hole openers, mills, casing
cutters, stabilizers, bi-center bits, and so forth. While embodiments of the present
disclosure may be described in reference to a bit, it should be understood that the
embodiments described herein may refer to any downhole tool.

[0020] According to embodiments of the present disclosure, cutter pockets for cutting
elements may be separately formed on the blade of the downhole tool and on the blade
cover. When the blade cover is connected to the blade, the cutter pockets may align, and
cutting elements may then be installed in the final cutter pocket on the assembled blade. In
some embodiments, the cutter pockets may be machined into the blade after the blade cover

is connected to the blade. This may prevent misalignment of the respective cuter pockets
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between the blade cover and the blade, thereby improving the fit of the cutting elements to
the blade and/or reducing final machining costs.

[0021] FIG. 1 shows one example of a drilling system 100 for drilling an earth
formation 101 to form a wellbore 102. The drilling system 100 includes a drill rig 103 used
to turn a drilling tool assembly 104 which extends downward into the wellbore 102. The
drilling tool assembly 104 may include a drill string 105, a bottomhole assembly (“BHA”)
106, and a bit 110, attached to the downhole end of drill string 105.

[0022] The drill string 105 may include several joints of drill pipe 108 connected end-
to-end through tool joints 109. The drill string 105 transmits drilling fluid through a central
bore and transmits rotational power from the drill rig 103 to the BHA 106. In some
embodiments, the drill string 105 may further include additional components such as subs,
pup joints, etc. The drill pipe 108 provides a hydraulic passage through which drilling fluid
is pumped from the surface. The drilling fluid discharges through selected-size nozzles,
jets, or other orifices in the bit 110 for the purposes of cooling the bit 110 and cutting
structures thereon, and for lifting cuttings out of the wellbore 102 as it is being drilled.
[0023] The BHA 106 may include the bit 110 or other components. An example BHA
106 may include additional or other components (e.g., coupled between to the drill string
105 and the bit 110). Examples of additional BHA components include drill collars,
stabilizers, measurement-while-drilling (“MWD”) tools, logging-while-drilling (“LWD”)
tools, downhole motors, underreamers, section mills, hydraulic disconnects, jars, vibration
or dampening tools, other components, or combinations of the foregoing. The BHA 106
may further include a rotary steerable system (RSS). The RSS may include directional
drilling tools that change a direction of the bit 110, and thereby the trajectory of the
wellbore. At least a portion of the RSS may maintain a geostationary position relative to
an absolute reference frame, such as gravity, magnetic north, and/or true north. Using
measurements obtained with the geostationary position, the RSS may locate the bit 110,
change the course of the bit 110, and direct the directional drilling tools on a projected
trajectory.

[0024] In general, the drilling system 100 may include other drilling components and
accessories, such as special valves (e.g., kelly cocks, blowout preventers, and safety

valves). Additional components included in the drilling system 100 may be considered a
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part of the drilling tool assembly 104, the drill string 105, or a part of the BHA 106
depending on their locations in the drilling system 100.

[0025] The bit 110 in the BHA 106 may be any type of bit suitable for degrading
downhole materials. For instance, the bit 110 may be a drill bit suitable for drilling the
earth formation 101. Example types of drill bits used for drilling earth formations are fixed-
cutter or drag bits. In other embodiments, the bit 110 may be a mill used for removing
metal, composite, elastomer, other materials downhole, or combinations thereof. For
instance, the bit 110 may be used with a whipstock to mill into casing 107 lining the
wellbore 102. The bit 110 may also be a junk mill used to mill away tools, plugs, cement,
other materials within the wellbore 102, or combinations thereof. Swarf or other cuttings
formed by use of a mill may be lifted to surface or may be allowed to fall downhole.
[0026] In some embodiments, the bit 110 may include one or more cutting elements
112. As the bit 110 rotates, the cutting elements 112 may erode the formation 101,
advancing the wellbore 102. Cuttings, the formation, drilling fluid, and other drilling
elements may wear the bit 110 and/or the cutting elements 112. A hardfacing material
placed on high-wear portions of the bit 110 may reduce wear on the bit 110. According to
embodiments of the present disclosure, the hardfacing material may include a pre-sintered
blade cover that surrounds at least one cutting element 112 of the bit 110. This may help
to reduce wear on the bit 110.

[0027] FIG. 2 is a representation of an example of a blade 214 connected to a bit body
216 of a bit 210. The blade 214 includes a leading face 218 that precedes an outer face 219
as the bit 210 rotates in a direction of rotation 222, and a trailing face 220 that follows the
leading face 218 and the outer face 219 in the direction of rotation 222. Conventionally, to
reduce wear and/or erosion on the blade 214, hardfacing 224 is applied to the blade 214 on
one or more of the leading face 218, the outer face 219, or the trailing face 220. The
hardfacing 224 may have a higher hardness than a blade body of the blade, thereby
improving the wear on the blade. The hardfacing 224 may be applied directly to the blade
214, such as by direct deposition, laser cladding, additive manufacturing, other
mechanisms of directly applying the hardfacing 224 to the blade 214, or combinations
thereof.
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[0028] In some situations, different elements of the blade 214 may have differing
hardnesses. For example, the hardfacing 224 may be harder and/or more wear/erosion
resistant than a body of the blade 214. In some instances, a high-wear plate 226 may be
from a material that is harder and/or more wear/erosion resistant than both the hardfacing
224 and the body of the blade 214. In some situations, the high-wear plate 226 may be
placed at a high-wear or high-erosion location of the blade 214. In some situations, a
portion of the blade 214 may experience high-wear and/or erosion. For example, in some
instances high wear and/or erosion locations may include the nose, the cone, the shoulder,
the gage, the leading face 218, the outer face 219, the trailing face 220, any other location
on the blade 214, and combinations thereof. By placing the high-wear plate 226 at a high
wear and/or erosion location, wear and/or erosion at that location may be reduced. In some
instances, the high-wear plate 226 may abut or be located next to the hardfacing 224 on the
outer surface 219 of the blade 214 with a contact line 227.

[0029] At installation, the high-wear plate 226 may be at least partially in contact with
the hardfacing 224 or there may be a gap between the high-wear plate 226 and the
hardfacing 224. However, during use in a downhole environment (e.g., during drilling
activities), drilling fluid, cuttings, and other material may cause erosion and/or wear of the
hardfacing 224, the high-wear plate 226, and/or the body of the blade 214 at the contact
point (e.g., at contact line 227) or the gap between the high-wear plate 226 and the
hardfacing 224. This may result in increased wear on the cutting elements 212 and/or may
wear away support for the cutting elements 212 in the blade 214. This may eventually result
in the cutting elements 212 falling out of the blade 214. In at least one embodiment of the
present disclosure, wear at the contact line 227 or gap may be reduced or prevented. For
example, and not by way of limitation, as shown in FIG. 3-1, a blade cover 330 may be
connected to the blade 314 without a gap between the leading face and the outer face or
without a gap along the outer face.

[0030] FIG. 3-1 is a representation of an exploded view of a bit 310, according to at
least one embodiment of the present disclosure. The bit 310 may include a bit body 316,
such as a steel bit body. The bit body 316 may include one or more blades 314. Each blade
314 may include a blade body 328. In some embodiments, the blade body 328 may be

formed from the same material as the bit body 316. In some embodiments, the blade body
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328 may be integral to the bit body 316. In some embodiments, the blade body 328 may be
formed (e.g., machined, cast, or otherwise formed) from the bit body 316. In some
embodiments, the blade body 328 may be independently or separately formed and
subsequently attached to the bit body 316 by any connection mechanism, such as by
mechanical connection, braze, weld, or other connection mechanism. In some
embodiments, the blade body 328 may be formed from a different material than the bit
body 316. For example, the blade body 328 may be formed of an infiltrated matrix material
and/or a pre-sintered material that is tougher and/or more wear resistant than the bit body
316. In some embodiments, the blade body 328 may be formed with one or more recessed
features on one or more of the leading face, the outer face, and the trailing face. In some
embodiments, the depth of the recessed features may be uniform across the faces of the
blade body 328. In some embodiments, the depth of the recessed features may vary across
the faces of the blade body 328, by zones of the blade body 328, or any combination
thereof.

[0031] The bit 310 may include a blade cover 330. The blade cover 330 may be
configured to be connected to the blade body 328 to form the blade 314. In some
embodiments, the blade cover 330 may be formed from a different material than the blade
body 328. For example, the blade cover 330 may be formed from a pre-sintered material.
The pre-sintered material may be more wear and/or erosion-resistant than the material of
the blade body 328. In this manner, the blade cover 330 may reduce the wear on the blade
314. In some embodiments, the recessed features on the blade body 328 are configured to
interface with complementary features of a blade cover 330 with minimal discontinuities
between the blade cover 330 and an adjacent surface of the blade body 328. For example,
the blade cover 330 may be configured to interface with the blade body 328 having surface
discontinuities less than 0.20 in. (5.08 mm), 0.15 in. (3.81 mm), 0.10 in. (2.54 mm), or 0.05
in. (1.27 mm) relative to an adjacent surface of the blade body 328 that is not covered by
the blade cover 330.

[0032] In some embodiments, the blade cover 330 may be any pre-sintered material.
In some embodiments, the blade cover 330 may be formed by additive manufacturing. For
example, the blade cover 330 may be formed by laying down a plurality of layers of a

granular material. An energy source, such as a laser, may heat each layer to a sintering or
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a melting temperature. This may cause the particles to bind and/or melt together. As each
successive layer is added, the blade cover 330 may begin to take shape. In some
embodiments, additively manufacturing may form materials that exhibit a high hardness
and/or wear resistance. Therefore, by pre-sintering the blade cover 330 using additive
manufacturing, a wear resistant blade cover 330 may be formed apart from the blade body
328. The blade cover 330 may be attached to the blade body 328 to improve the wear
and/or erosion resistance of the blade 314. In some embodiments, pre-sintering the blade
cover 330 using additive manufacturing may allow for complex geometries to be easily
determined and formed, without creating a new cast or mold for each blade body 328. That
is, different blade covers 330 formed with different quantities or arrangements of cutters
may be configured for attachment to the same blade body 328.

[0033] In some embodiments, pre-sintering the blade cover 330 may include casting
the blade cover 330. To cast the blade cover 330, a mold may be filled with a granular
material, and the granular material may be raised to a sintering temperature to sinter the
grains of material together. In some embodiments, a binder, may be added to the cast during
sintering. The binder may serve to bind the granular particles together prior to, during,
and/or after sintering the blade cover 330. In some embodiments, the binder may be melted
during sintering.

[0034] In some embodiments, the granular material used to pre-sinter the blade cover
330 may include an ultra-hard material. As used herein, the term “ultrahard” may refer to
refer to those materials known in the art to have a grain hardness of about 1,500 HV
(Vickers hardness in kg/mm2) or greater. Such ultrahard materials can include but are not
limited to carbides, such as tungsten carbide (WC), titanium carbide (TiC), chromium
carbide, silicon carbide (SiC), boron carbide (BC), , diamond, sapphire, moissantite,
hexagonal diamond (Lonsdaleite), cubic boron nitride (¢cBN), polycrystalline cBN (PcBN),
Q-carbon, binderless PcBN, diamond-like carbon, boron suboxide, aluminum manganese
boride, metal borides, boron carbon nitride, PCD (including, e.g., leached metal catalyst
PCD, non-metal catalyst PCD, and binderless PCD or nanopolycrystalline diamond
(NPD)) and other materials in the boron-nitrogen-carbon-oxygen system which have
shown hardness values above 1,500 HV, as well as combinations of the above materials.

In some embodiments, the ultrahard material may have a hardness value above 3,000 HV.
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In other embodiments, the ultrahard material may have a hardness value above 4,000 HV.
In yet other embodiments, the ultrahard material may have a hardness value greater than
80 HRa (Rockwell hardness A). In some embodiments, the blade cover may be formed
from any high-wear resistant material. In some embodiments, the blade cover 330 may be
formed from carbide particles, such as WC, sintered in a copper or nickel alloy binder.
[0035] In some embodiments, the blade cover 330 may be partially sintered. For
example, when forming the blade cover 330, the sintering process may not be completed,
such as by not reaching the full sintering temperature and/or by not spending time at the
sintering temperature. The blade cover 330 may finish sintering when assembled on the bit
310, such as when brazed to the blade body 328.

[0036] The blade may include one or more cutter pockets to attach cutting elements to
the blade 314. In some embodiments, the cutter pockets may be pre-formed on the blade
body 328 and the blade cover 330. For example, the blade cover 330 may be manufactured
(e.g., printed or cast) or machined with cover cutter pockets 332. The blade body 328 may
be manufactured (e.g., printed or cast) or machined with body cutter pockets 334.
According to embodiments of the present disclosure, when the blade cover 330 is
connected to the blade body 328, the cover cutter pockets 332 may align with the body
cutter pockets 334 to form the final cutter pocket. In this manner, the final cutter pocket
may be formed from the alignment of the cover cutter pockets 332 and the body cutter
pockets 334. This may help to reduce or eliminate the amount of post-assembly machining
and/or processing of the blade 314 to form the final cutter pocket.

[0037] In some embodiments, the blade body 328 has a blade profile, which may be
the three-dimensional shape of the blade body 328. In other words, the blade profile may
be the outer profile or shape of the blade body 328. The blade cover 330 has a cover profile,
which may be the three-dimensional shape of the inside of the blade cover 330. In other
words, the cover profile may be the inner profile or shape of the blade cover 330. In some
embodiments, the blade profile and the cover profile may be complementary. In other
words, the cover profile may have the same or substantially the same shape (e.g., having
the same bumps, ridges, curves, and other geometric features) and the same or substantially

the same dimensions (e.g., within 2.5 mm, within 1 mm, within 0.5 mmm, within less than
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0.25 mm) the blade profile. In this manner, the blade cover 330 may be installed over the
blade body 328 with a tight gap in between the blade cover and blade body.

[0038] In some embodiments, the blade profile may include one or more keying or
locking features. For example, the blade profile may include a ridge, bump, detent,
indentation, or other feature. The cover profile may include a complementary protrusion,
indentation, recess, or other matching feature. When the blade cover 330 is connected to
the blade body 328, the matching or complementary features may align. This may improve
the strength of the connection between the blade cover 330 and the blade body 328 and
may improve the alignment of the blade cover 330 on the blade body 328.

[0039] In some embodiments, the blade cover 330 may be connected to the blade body
328 with any type of connection. For example, the blade cover 330 may be brazed, welded,
connected with a mechanical fastener or pins, connected through any other mechanism,
and combinations thereof to the blade body 328. In some embodiments, the blade cover
330 may be brazed to the blade body 328. In some embodiments, the blade cover 330 and
the blade body 328 may be submerged in a molten liquid binder (e.g., copper or nickel
alloys) to connect the blade cover 330 to the blade body 328.

[0040] In some embodiments, the bit 310 may include a plurality of blades 314. In
some embodiments, each blade 314 of the plurality of blades 314 may have a blade cover
330. In some embodiments, the blades 314 that experience the highest amount of wear
and/or erosion may have a blade cover 330. For example, the bit 310 may include primary
and secondary blades. In some embodiments, the primary blades may include a blade cover
330, and the secondary blades may not include a blade cover 330.

[0041] The blade cover 330 includes a cover leading face 338 and a cover outer face
340. The cover leading face 338 may be connected to the cover outer face 340 by a cover
leading edge 342. The blade cover 330 may be integrally formed (e.g., pre-sintered) such
that there is no seam, joint, discontinuity, line, or other physical break at the cover leading
edge 342 (e.g., between the cover leading face 338 and the cover outer face 340). That s,
at least portions of the blade cover 330 are continuous from the cover leading face 338
below a cutter pocket 332, across the cover leading edge 342, and to a trailing edge of the
one of the cover outer face 340. In some embodiments, the cover leading edge 342 between

the cover leading face 338 and the cover outer face 340 may be seamless. In this manner,
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when the blade cover 330 is connected to the blade body 328, erosion and wear of the outer
face of the blade 314 may be prevented or reduced at the cover leading edge 342 and any
joint between hardfacing applied to a body outer face 346 of the blade body 328.

[0042] The blade body 328 may include a body leading face 344, a body outer face
346, and a body trailing face 347. In some embodiments, the body leading face 344 may
be separated from the body trailing face 347 by the body outer face 346. In some
embodiments, the body leading face 344 may be adjacent to the body outer face 346, and
the body outer face 346 may be adjacent to the body trailing face 347. In some
embodiments, when the blade cover 330 is installed on the blade body 328, the cover
leading face 338 may cover the blade leading face 344 and the cover outer face 340 may
cover the blade outer face 346. In this manner, the blade leading face 344 may be protected
from wear and/or erosion by the cover leading face 338 and the blade top face 346 may be
protected from wear and/or erosion by the cover outer face 340.

[0043] In some embodiments, the cover leading face 338 may be configured to connect
to the body leading face 344. In some embodiments, the cover leading face 338 may, when
the blade cover 330 is connected to the blade body 328, cover at least a portion of the body
leading face 344. In some embodiments, the cover leading face 338 may be brazed to the
body leading face 344.

[0044] In some embodiments, blade cover 330 may include a cover trailing face 348.
The cover trailing face 348 may be integrally formed (e.g., pre-sintered) as part of the blade
cover 330. In other words, there may be no seam, joint, discontinuity, line, or other physical
break at the cover trailing edge 350. That is, at least portions of the blade cover 330 are
continuous from the cover leading face 338 below a cutter pocket 332, across the cover
leading edge 342, across the cover outer face 340, across the cover trailing edge 350 and
to a trailing edge of the body trailing face 347 of the blade cover 330. In this manner, when
the blade cover 330 is connected to the blade body 328, erosion and wear of the outer face
of the blade 314 may be prevented or reduced by eliminating any joint or other physical
discontinuity on the outer face of the blade 314.

[0045] In some embodiments, the cover trailing face 348 may be configured to connect
a body outer face 346. In some embodiments, the cover trailing face 348 may, when the

blade cover 330 is connected to the blade body 328, cover at least a portion of the body
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outer face 346. In some embodiments, the cover trailing face 348 may be brazed to the
body outer face 346.

[0046] In some embodiments, the cover trailing face 348 may be configured to connect
a body trailing face 347. In some embodiments, the cover trailing face 348 may, when the
blade cover 330 is connected to the blade body 328, cover at least a portion of the body
trailing face 347. In some embodiments, the cover trailing face 348 may be brazed to the
body trailing face 347.

[0047] It should be understood that the body outer face 346 and the cover outer face
340 may refer to outermost face of the blade 314. This may include any zone or portion of
the blade 314, including the crown, the nose, the shoulder, the gage, or any other zone of
the blade 314. The outer face may be continuous from the gage zone through to the radially
innermost portion of the blade. In some embodiments, the outer face may be the portion of
the blade 314 that is furthest from a longitudinal axis of the bit 310.

[0048] In some embodiments, the blade cover 330 may surround one or more cover
cutter pockets 332. In other words, the cover cutter pocket 332 may be a hole in the blade
cover 330 such that a cutting element inserted into the cover cutter pocket may be
surrounded by the material of the blade cover 330. In some embodiments, the blade cover
330 may surround a plurality of cover cutter pockets 332. In some embodiments, the blade
cover 330 may surround a cover cutter pocket 332 for each cutting element to be installed
on the blade 314.

[0049] In some embodiments, the cover leading face 338 may at least partially include
or encompass one or more cover cutter pockets 332. In some embodiments, the cover
leading face 338 may fully include or encompass one or more cover cutter pockets 332
such that the one or more cover cutter pockets 332 does not extend into the cover outer
face 340.

[0050] In some embodiments, the cover outer face 340 may at least partially include or
encompass one or more cover cutter pockets 332. In some embodiments, the cover outer
face 340 may fully include or encompass one or more cover cutter pockets such that the
one or more cover cutter pockets 332 does not extend into the cover leading face 338. In

some embodiments, a cover cutter pocket 332 may extend between both the cover outer
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face 340 and the cover leading face 338. That is, the cover cutter pocket 332 may extend
through the cover leading edge 342 of the blade cover 330.

[0051] FIG. 3-2 is a representation of the assembled bit 310 of FIG. 3-1. In the
embodiment shown, each blade 314 includes a blade cover 330 connected to a blade body.
Furthermore, as may be seen, the cover cutter pockets 332 are aligned with the body cutter
pockets 334 to form a final cutter pocket 336. A cutting element may be installed in the
final cutter pocket 336 prior to use.

[0052] As may be seen, the cover leading face 338 and the cover outer face 340 may
extend over the blade body 328. Indeed, in the embodiment shown, no portion of the blade
body is left uncovered by the blade cover 330. In other words, there is no joint or physical
discontinuity between the blade cover 330 and the blade 314 at the cover outer face. In this
manner, wear and/or erosion of the blade 314 may be prevented and/or reduced by reducing
or eliminating a catalyst for erosion (e.g., the joint or physical discontinuity between the
blade cover 330 and other hardfacing).

[0053] In some embodiments, after the blade cover 330 is installed on the blade body,
due to manufacturing tolerances, there may be a mismatch between the cover cutter pocket
332 and the body cutter pocket 334 and/or the final cutter pocket 336 may be too small to
receive the cutting element. The final cutter pocket 336 may be processed (e.g., machined)
after assembly to finish the final cutter pocket 336 to the final dimension.

[0054] FIG. 4-1 is a representation of an exploded view of a bit 410, according to at
least one embodiment of the present disclosure. In the embodiment shown, the bit 410
includes a bit body 416 with at least one blade 414. The bit body 416 includes a blade body
428 having a body leading face 444 and a body outer face 446.

[0055] The bit 410 includes one or more blade covers 430. The blade cover 430
includes a cover leading face 438 and a cover outer face 440 connected at a cover leading
edge 442. Similar to the blade cover 330 discussed above with respect to FIG. 3-1 and FIG.
3-2, the blade cover 430 may be pre-sintered. Furthermore, the cover leading face 438 and
the cover outer face 440 may be integrally formed such that there is no seam, joint,
discontinuity, line, or other physical break at the cover leading edge 442.

[0056] As discussed above, pre-forming the cover cutter pocket (e.g., the cover cutter

pocket 332 of FIG. 3-1) and the body cutter pocket (e.g., the body cutter pocket 334 of
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FIG. 3-2) may result in misalignment. This may cause ledges or other misalignment
features that may be machined into a final dimension prior to fitting the cutting elements.
Furthermore, pre-formed cutter pocket dimensions may vary somewhat due to
manufacturing tolerances of the blade cover 430, which may result in additional post-
assembly machining and/or cutter pockets that are too large or too small for a cutting
element.

[0057] According to embodiments of the present disclosure, the blade body 428 and
the blade cover 430 may not include any pre-manufactured or pre-machined cutter pockets.
As may be seen in FIG. 4-1, the profile of the blade body 428 may be smooth, and the outer
profile of the blade cover 430 may not include any cover cutter pockets manufactured or
machined into the blade cover 430. In some embodiments, as may be seen in FIG. 4-1, the
blade cover 430 may include one or more cutter supports 452, which may provide support
for a cutting element after it has been installed. In some embodiments, the blade cover 430
may have a smooth outer surface. In some embodiments, the blade body 428 may include
one or more keying or locking features. For example, the blade body 428 may include a
ridge, bump, detent, indentation, or other feature. The blade cover 430 profile may include
a complementary protrusion, indentation, recess, or other matching feature on an inner
surface. When the blade cover 430 is connected to the blade body 428, the matching or
complementary features may align. This may improve the strength of the connection
between the blade cover 430 and the blade body 428 and may improve the alignment of
the blade cover 430 on the blade body 428. Complementary interface features between the
blade cover 430 and the blade body 428 may aid alignment of the components while
reducing or eliminating tolerance issues of partially or fully formed cutter pockets of the
blade cover and blade body.

[0058] FIG. 4-2 is a representation of the assembled bit 410 of FIG. 4-1. As may be
seen, the blade cover 430 has been connected to the blade body 428 seen in FIG. 4-1. As
discussed above, the blade cover 430 may be connected to the blade body 428 using any
connection mechanism, such as brazing, mechanical fastener, welding, and combinations
thereof.

[0059] As may be seen, the blade cover 430 has a cover leading face 438 that is

seamlessly connected to the cover outer face 440. In some embodiments, the blade cover
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430 seamlessly connects the cover leading face 438, the cover outer face 440, and a cover
trailing face 420. Indeed, the blade cover 430 shown is smooth, and does not include any
cutter pockets. In some embodiments, cutter pockets may be partially formed in the blade
cover 430, thereby reducing machining of the blade cover upon assembly. In some
embodiments, cutter pockets may be machined, milled, ground, or otherwise added to the
blade 414 after the bit 410 has been assembled.

[0060] FIG. 4-3 is a representation of the assembled bit 410 of FIG. 4-2 after one or
more cutter pockets 436 have been formed on the blade 414. To form a cutter pocket 436,
a portion of the blade cover 430 is removed. In some embodiments, the blade cover 430
may be removed, exposing a portion of the blade body 428 beneath. In some embodiments,
a portion of the blade cover 430 and a portion of the blade body 428 may be removed to
form the cutter pocket 436. In some embodiments, only a portion of the blade cover 430
may be removed, without removing any portion of the cutter pocket 436. Thus, in some
embodiments, a cutter pocket 436 may include at least a portion of blade cover 430 material
and at least a portion of blade body 428 material.

[0061] In some embodiments, a single row of cutter pockets 436 may be formed on the
blade 414. In some embodiments, two or more rows of cutter pockets may be formed on
the blade 414. In some embodiments, each cutter pocket 436 may be formed on the blade
414 after the blade cover 430 is attached to the blade body 428. In some embodiments,
some cutter pockets 436 may be formed after the blade cover 430 is attached to the blade
body and some cutter pockets 436 may be formed during manufacturing and/or processing
of the blade cover 430 and the blade body 428 prior to assembly, and the cutter pocket 436
formed based on alignment of a cover cutter pocket (e.g., cover cutter pocket 332 of FIG.
3-1) and a body cutter pocket (e.g., body cutter pocket 334 of FIG. 3-1).

[0062] In some embodiments, the cutter pocket 436 may be formed using any
subtractive manufacturing process. For example, the cutter pocket 436 may be formed
using EDM, a CNC milling machine, grinding, cutting, or any other manufacturing process.
In some embodiments, the cutter pocket 436 may be formed using ultrasonic grinding. In
some embodiments, ultrasonic grinding may facilitate rapid and cost-effective removal of
the ultrahard material of the blade cover 430. Therefore, by using ultrasonic grinding to

form the cutter pocket 436, the blade cover 430 may be formed more quickly and cost-
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effectively. In some embodiments, ultrasonic grinding of the cutter pockets 436 may form
any type of cutter pocket. The cutter pockets 436 may be formed to support any orientation
of cutting element.

[0063] The cutter pockets 436 may be formed with a cutter pocket profile. Because the
cutter pockets 436 are formed after the blade cover 430 is installed on the blade body 428,
the cutter pocket profile for each cutter pocket 436 may be matched to the cutting element
that will be installed in the cutter pocket 436. Indeed, forming the cutter pockets after
assembly of the blade 414 may help the cutter pocket 436 to be sized to match the cutting
element. This may improve the fit of the cutting element in the cutter pocket 436.
Furthermore, because the cutter pocket profile matches the cutting element, this may
improve the retention of the cutting element in the cutter pocket.

[0064] In some embodiments, forming the cutter pocket 436 after the blade cover 430
is installed on the blade body 428 may increase the accuracy of placement and orientation
of the cutting elements. For example, each cutting element may have a design orientation,
which may include angles such as a rake angle and a face angle. By forming the cutter
pocket 436 on the blade 414, the actual orientation may match, or be closer to, the design
orientation than by pre-forming cover cutter pockets and body cutter pockets, and aligning
them at installation.

[0065] In some embodiments, the transition between blade cover 430 and blade body
428 in the cutter pocket 436 may be smooth. In other words, because the cutter pocket 436
is formed after the blade cover 430 is connected to the blade body 428, the machining
process may machine the entire cutter pocket 436 with the same surface finish or
roughness. Furthermore, there may be no ledge or other change in profile at the interface
between the blade cover 430 and the blade body 428 in the cutter pocket 436. Ledges at
that interface may be the result of slight changes in the dimensions of the cover cutter
pocket and the blade cutter pocket caused by differences in manufacturing processes and
tolerances.

[0066] The blade cover 430 of the present disclosure may be used with any downhole
tool. For example, the blade cover 430 may be used to form blades, blocks, fins, or any
other element of a downhole tool that is exposed to high wear and/or erosion conditions.

For example, FIG. 5 is a representation of a reamer 553 having a plurality of reamer blocks
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555. The reamer block 555 shown includes a block cover 557. The block cover 557 may
cover at least a portion of a block leading face 559 and a portion of a block outer face 561
of the reamer block 555. In this manner, the reamer block 555 may experience greater wear
and/or erosion resistance.

[0067] In the embodiment shown, the reamer block 555 includes two rows of cutting
elements 563. In some embodiments, the block cover 557 may extend past a trailing edge
of the first row of cutting elements 563. In some embodiments, the block cover 557 may
extend past the trailing edge of both rows of cutting elements 563. In some embodiments,
the block cover 557 may seamlessly extend from the block leading face 559, across the
block outer face 561, and to a block trailing face. While the block cover 557 has been
described herein with respect to a reamer 553, it should be understood that a block cover
557 may be used for any downhole tool, including reamers, hole openers, mills, casing
cutters, stabilizers, bi-center bits, and so forth.

[0068] FIG. 6-1 through 6-3 are representations of a leading face 618 of a blade 614,
according to at least one embodiment of the present disclosure. The blade 614 includes a
blade cover 630 attached to a blade body 628. A plurality of cutter pockets 636 have been
formed on the blade 614. In the embodiment shown in FIG. 6-1, the blade cover 630 does
not cover an entirety of the leading face 618 of the blade 614. However, it should be
understood that the blade cover 630 may cover the entirety of the blade 614 or any
percentage of the leading face 618 of the blade 614.

[0069] The blade 614 may include cutting elements installed in the cutter pockets 636
in different regions or zones, including a cone 654, a nose 656, a shoulder 658, and a gage
660. Each of these regions may experience different forces and flows during drilling.
Consequently, the cutting elements and the blade 614 may experience different rates of
wear in these different regions.

[0070] According to embodiments of the present disclosure, the blade cover 630 may
be attached to the blade 614 along an entirety of the blade 614. In other words, the blade
cover 630 may cover the blade body 628 at each of the cone 654, the nose 656, the shoulder
658, and the gage 660. In some embodiments, one blade 614 may have separate blade

covers 630 that collectively cover multiple regions or zones of the blade 614.
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[0071] As may be seen in FIG. 6-2, in some embodiments the blade cover 630 may be
attached to the blade along only a portion of the blade 614. For example, the blade cover
630 may be attached to the blade 614 at only the nose 656 region. Accordingly, one or
more faces of the blade 614 at the nose region 656 may be formed (e.g., machined, cast)
with recessed features complementary to the blade cover 630. In some embodiments, the
nose region 656 of the blade 614 and the blade cover 630 are configured to interface such
that the outer face and/or leading face of the blade 614 with the attached blade cover 630
have a smooth transition to adjacent regions without the blade cover 630. Typically,
downhole bits experience the highest rate of wear and/or erosion in the nose 656 region, at
least in part because of a high hydraulic fluid velocity of drilling fluid exiting a nozzle on
the bit. Therefore, to reduce wear and erosion in these otherwise high-wear regions
(especially near the exit of a nozzle), the blade cover 630 may only be applied to the
portions of the blade 614 that are more susceptible to wear and/or erosion. In some
embodiments, regions or zones of the blade 614 without the blade cover 630 may have
hardfacing applied to a leading face, an outer face, a trailing face, or any combination
thereof. This may help reduce costs.

[0072] A bit may be designed for specific downhole conditions. Accordingly, each bit
may experience different levels of wear and/or erosion and/or wear and/or erosion in
different portions of the blade 614. Therefore, it should be understood that, while the blade
cover 630 shown in FIG. 6-2 covers the nose region 656 only, a blade cover 630 may cover
any region. For example, the blade cover 630 may cover the cone 654, the shoulder 658,
or the gage 660.

[0073] Similarly, as may be seen in FIG. 6-3, it should be understood that the blade
cover 630 may cover multiple regions, such as the nose 656 and the cone 654 regions
shown. It should be understood however, that the blade cover 630 may cover any
combination of regions, such as the nose 656 and the shoulder 658 or the shoulder 658 and
the gage 660. In some embodiments, the blade cover 630 may cover the nose 656, cone
654, and shoulder 658 regions. In some embodiments, the blade cover 630 may cover the
nose 656, the shoulder 658, and the gage 660 regions. In some embodiments, the blade
cover 630 may cover portions of regions. For example, the blade cover 630 may cover the

nose 656 and a portion of the cone 654 or a portion of the shoulder 658. In this manner, the
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blade cover 630 may be tailored to a specific application, based on anticipated (or
previously experienced) downhole conditions.

[0074] In some embodiments, the properties (e.g., material composition, particle size,
particle distribution, binder) of the blade cover 630 may be different in different regions.
For example, the nose 656 may have a blade cover 630 with a higher concentration of
superhard materials compared to the shoulder 658. In some embodiments, the nose 656
may be formed from smaller particles, resulting in higher wear and/or erosion resistance.
In some embodiments, the composition of the blade cover 630 may be tailored to each
region of the blade. In some embodiments, different blade covers 630 may be used having
different properties. In some embodiments, a single (e.g., integral) blade cover 630 may
have different properties in different regions.

[0075] FIG. 7-1 through FIG. 7-3 are representations of an outer face 719 of a blade
714, according to at least one embodiment of the present disclosure. In the embodiment
shown, a blade cover 730 has been installed on a blade body 728 along a length of the blade
body 728 including the cone 754, the nose 756, the shoulder 758, and the gage 760. A
plurality of cutter pockets 736 have been formed in the blade 714.

[0076] The blade 714 has a blade width 762. In the embodiment shown, the blade width
762 is constant from the cone 754 region to the gage 760 region. However, it should be
understood that the blade width 762 may vary from the cone 754 to the gage region 760.
[0077] The blade cover 730 has a cover width 764. In the embodiment shown, the cover
width 764 is the same as the blade width 762. In other words, the blade cover 730 shown
extends from the leading face 718, across the entirety of the outer face 719, to the trailing
face 720. In this manner, the blade 714 may not have any joint or other physical
discontinuity along the entirety of the outer face 719. This may prevent or reduce erosion
and/or wear on the blade 714 at the outer face 719.

[0078] In the embodiment shown in FIG. 7-2, the cover width 764 of the blade cover
730 may be less than the blade width 762. In some embodiments, the blade cover 730 may
extend past a trailing edge 766 of the cutter pocket 736. In some embodiments, the trailing
edge 766 of the cutter pocket 736 may be the edge of the cutter pocket that is closest to the
trailing face 720 of the blade 714.
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[0079] In some embodiments, the blade cover 730 may extend past the trailing edge
766 of the cutter pocket 736 with an edge distance 768. In some embodiments, the edge
distance may be a pocket percentage of a cutter pocket length 770. In some embodiments,
the pocket percentage may be in a range having an upper value, a lower value, or upper
and lower values including any of 5%, 10%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%,
90%, 100%, or any value therebetween. For example, the pocket percentage may be greater
than 25%. In another example, the pocket percentage may be less than 100%. In yet other
examples, the pocket percentage may be any value in a range between 25% and 100%. In
some embodiments, the pocket percentage may be greater than 100%. That is, the pocket
percentage may be 125%, 150%, 200%, or 300% or more. In some embodiments, it may
be critical that the pocket percentage is greater than 10% to provide wear and/or erosion
protection to a cutting element installed in the cutter pocket 736.

[0080] In some embodiments, the blade cover 730 may extend past the trailing edge
766 of each cutter pocket 736 on the blade 714. In some embodiments, the blade cover 730
may extend past the trailing edge 766 only in the cone region, the nose region, the shoulder
region, the gage region, or combinations thereof. In some embodiments, the edge distance
768 may be the same for each cutter pocket 736. In some embodiments, the edge distance
768 may be different for different cutter pockets 736. For example, the edge distance 768
may be greater for cutter pockets 736 in high-wear regions (e.g., the nose).

[0081] In some embodiments, the cover width 764 may be a cover percentage of the
blade width 762. In some embodiments, the cover percentage may be in a range having an
upper value, a lower value, or upper and lower values including any of 25%, 30%, 35%,
40%, 50%, 60%, 70%, 80%, 90%, 100%, or any value therebetween. For example, the
cover percentage may be greater than 25%. In another example, the cover percentage may
be less than 100%. In yet other examples, the cover percentage may be any value in a
range between 25% and 100%. In some embodiments, it may be critical that the cover
percentage is greater than 30% to provide wear and/or erosion protection to a cutting
element installed on the cutter pocket 736.

[0082] In FIG. 7-3, the blade includes a first row 772 of first cutter pockets 736-1 and
a second row 774 of second cutter pockets 736-2. As may be seen, the blade cover 730 may

have a varying cover width 764. For example, in the embodiment shown, the blade cover
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730 extends past the second cutter pocket 736-2 in the second row 774. The blade cover
730 may have a reduced cover width 764 after the second cutter pocket 736-2. In this
manner, the blade cover 730 may be tailored to the specifications of the blade 714 to reduce
erosion.

[0083] FIG. 8 is a representation of a cross-sectional view of a blade 814, according to
at least one embodiment of the present disclosure. In the embodiment shown, a cutting
element 876 is installed in a cutter pocket 836 which has been formed in the blade 814. In
some embodiments, the cutting element 876 may be brazed in the cutter pocket 836 with a
cutter braze 878. In some embodiments, the cutter braze 878 may include a metal or a metal
alloy, such as aluminum alloys, copper alloys, brass, bronze, nickel alloys, silver alloys,
any other metal alloy, and combinations thereof.

[0084] The blade 814 may include a blade cover 830 connected to a blade body 828.
In the embodiment shown, the blade cover 830 is brazed to the blade body 828 with a cover
braze 880. In some embodiments, the cover braze may include a metal or a metal alloy,
such as aluminum alloys, copper alloys, brass, bronze, nickel alloys, silver alloys (e.g.,
AWS BAG 22, AWS BAG 24), any other metal alloy, and combinations thereof.

[0085] According to embodiments of the present disclosure, the cutting element 876
may include any cutting element. For example, the cutting element 876 may include an
ultrahard (e.g., polycrystalline diamond (PCD)) layer 884 made from an ultrahard material.
The ultrahard layer 884 may be attached to, formed on, or otherwise connected to a
substrate 886. In some embodiments, the substrate 886 may be formed from tungsten
carbide or other hard material.

[0086] As may be seen, the cutter pocket 836 is formed in the blade 814 such that both
the blade cover 830 and the blade body 828 are exposed. For example, as discussed above,
the cutter pocket 836 may be machined in the blade using ultrasonic grinding after the
blade cover 830 is brazed to the blade body 828. In some embodiments, a profile 881 of
the cutter pocket 836 may be smooth. For example, the profile 881 of the cutter pocket 836
may not include any ledges, bumps, or any other change in smoothness of the profile 881
at a transition between the blade cover 830 and the blade body 828.

[0087] In some embodiments, the cutter pocket 836 has a surface finish. In some

embodiments, because the cutter pocket 836 is formed after the blade cover 830 is brazed
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to the blade body 828, the surface finish at the blade cover 830 may be the same as the
surface finish at the blade body 828. In some embodiments, the surface finish may be in a
range having an upper value, a lower value, or upper and lower values including any of
less than 100 microns, less than 90 microns, less than 80 microns, less than 70 microns,
less than 60 microns, less than 50 microns, less than 40 microns, less than 30 microns, less
than 20 microns, less than 10 microns, less than 5 microns, or any value therebetween. In
some embodiments, it may be critical that the surface finish is less than 60 microns to
provide better bonding between the cutting element 876 and the blade 814.

[0088] In some embodiments, the blade cover 830 has a blade cover thickness
(collectively 887). The blade cover thickness 887 may be the thickness of the blade cover
830 from an outer surface of the blade cover 830 to the inner surface of the blade cover
830, or from the outer surface of the blade cover 830 to the cover braze 880. In some
embodiments, the blade cover thickness 887 may be in a range having an upper value, a
lower value, or upper and lower values including any of 0.05 in. (1.27 mm), 0.10 in. (2.54
mm), 0.15 in. (3.81 mm), 0.20 in. (5.08 mm), 0.25 in. (6.35 mm), 0.30 in. (7.62 mm), 0.35
in. (8.89 mm), or any value therebetween. For example, the blade cover thickness 887 may
be greater than 0.05 in. (1.27 mm). In another example, the blade cover thickness 887 may
be less than 0.35 in. (8.89 mm). In yet other examples, the blade cover thickness 887 may
be any value in a range between 0.05 in. (1.27 mm) and 0.35 in. (8.89 mm). In some
embodiments, it may be critical that the blade cover thickness 887 is between 0.10 in (2.54
mm) and 0.30 in. (7.62 mm) to provide wear protection for the blade body 828 and
structural stability for the blade cover 830. In some embodiments, the blade cover thickness
887 may be between 0.125 in. (3.175 mm) and 0.25 in. (6.35 mm).

[0089] In some embodiments, the cover outer face 840 of the blade cover 830 may
have an outer face cover thickness 887-1. The cover leading face 838 may have a leading
face cover thickness 887-2. In the embodiment shown in FIG. 8, the outer face cover
thickness 887-1 is thicker than the leading face cover thickness 887-2. However, it should
be understood that the outer face cover thickness 887-1 may be the same as the leading
face cover thickness 887-2. Furthermore, the leading face cover thickness 887-2 may be
greater than the outer face cover thickness 887-1. In some embodiments, the blade cover

830 may include a cover trailing face that covers a trailing face of the blade body 828. It
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should be understood that a trailing face cover thickness of the cover trailing face may be
the same thickness as, or a different thickness than, the outer face cover thickness 887-1
and/or the leading face cover thickness 887-2. In some embodiments, the outer face cover
thickness 887-1 may be greater than the leading face cover thickness 887-2 in a first zone
of the blade 814 (e.g., nose, shoulder) yet less than the leading face cover thickness 887-2
in a second zone of the blade 814 (e.g., cone, gage).

[0090] The relative thicknesses outer face cover thickness 887-1, the leading face cover
thickness 887-2, and/or the trailing face cover thickness may be dependent upon the wear
characteristics of the blade 814. In some embodiments, a portion of the blade 814 that is
subject to relatively higher wear may have a relatively thicker cover thickness 887 than a
portion of the blade that is subject to relatively lower wear. For example, if a cover leading
face 838 is located near a nozzle, then the leading face cover thickness 887-2 may be
increased. In some examples, the cover thickness 887 may be increased at or near high-
load areas of the blade 814, such as the nose. In some embodiments, the cover thickness
887 may decrease from the nose to the gage of the blade 814.

[0091] The blade body 828 includes a body profile 883 and the body cover 830
includes a cover profile 885. The body profile 883 includes the outer outline of the blade
body 828, including any ridges, bumps, detents, protrusions, indentations, other physical
features, or combinations thereof, of the blade body 828. The cover profile 885 includes
the inner outline of the blade cover 830, including any ridges, bumps, detents, protrusions,
indentations, other physical features, or combinations thereof, of the body cover 830. In
some embodiments, the body profile 883 and the cover profile 885 may be complementary.
In other words, for each feature present on the body profile 883, the cover profile 885 may
include an inverse shape of similar size and in the same location. However, it should be
understood that, while the cutter pocket 836 may include features in the body profile 883
and/or the cover profile 885, the body profile 883 and the cover profile 885 may not be
complementary at the cutter pocket 836.

[0092] In some embodiments, the body profile 883 and the cover profile 885 may be
complementary within the manufacturing tolerances of the blade body 828 and the blade
cover 830. In other words, the blade body 828 and the blade cover 830 may have a design

body profile 838 and cover profile 885, respectively. While manufacturing and/or forming
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(e.g., machining or milling) the blade body 828 and the blade cover 830, the body profile
883 and/or the cover profile 885 may deviate from the design profiles, based on the
tolerances of the manufacturing processes. According to embodiments of the present
disclosure, the manufactured body profile 883 may be complementary to the manufactured
cover profile 885 if any differences between the profiles are within the respective
manufacturing tolerances. In some embodiments, a brazing gap between the cover inner
profile and the blade outer profile may be controlled within a range to provide high quality
of brazing, thereby improving strength. In some embodiments, the brazing gap may be
0.001 in., 0.005 in., 0.010 in., 0.020, or any value therebetween. In some embodiments, the
brazing gap may be 0.010 in. to accommodate the manufacturing tolerance of each mating
surface and provide sufficient brazing strength.

[0093] In some embodiments, a first line 882-1 drawn through blade 814 may cross
through or more elements of the blade 814. For example, the first line 882-1 may cross
through one or more of the cutting element 876, the cutter braze 878, the blade cover 830,
the cover braze 880, and the blade body 828. In some embodiments, the first line 882-1
may cross through these elements in order. In other words, the first line 882-1 may cross
through, in order, the cutting element 876, the cutter braze 878, the blade cover 830, the
cover braze 880, and the blade body 828. In some embodiments, the respective elements
may be adjacent to each other. For example, the respective elements may not have any
intervening material between adjacent elements. Thus, the cutting element 876 may be
adjacent to the cutter braze 878, the cutter braze 878 may be adjacent to the blade cover
830, the blade cover may be adjacent to the cover braze 880, and the cover braze 880 may
be adjacent to the blade body.

[0094] In some embodiments, the first line 882-1 may be parallel to the cover leading
face 838. In some embodiments, the first line 882-1 may be transverse to the cover outer
face 840. In some embodiments, the first line 882-1 may be perpendicular to the cover
outer face 840. In some embodiments, the first line 882-1 may be parallel to a longitudinal
axis of the bit (e.g., bit 310 of FIG. 3-1).

[0095] In some embodiments, a second line 882-2 drawing through the blade 814 may
cross through one or more elements of the blade 814. Specifically, the second line 882-2

may cross through an ultrahard layer 884 of the cutting element 876, a substrate 886 of the
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cutting element 876, the cutter braze 878, the blade cover 830, the cover braze 880, and the
blade body 828. In some embodiments, the second line 882-2 may cross through these
elements in order. In other words, the second line 882-2 may cross through, in order, the
ultrahard layer 884, the substrate 886, the cutter braze 878, the blade cover 830, the cover
braze 880, and the blade body 828. In some embodiments, the respective elements may be
adjacent to each other. For example, the respective elements may not have any intervening
material between adjacent elements. Thus, the ultrahard layer 884 may be adjacent to the
substrate 886, the substrate 886 may be adjacent to the cutter braze 878, the cutter braze
878 may be adjacent to the blade cover 830, the blade cover may be adjacent to the cover
braze 880, and the cover braze 880 may be adjacent to the blade body. In some
embodiments, the ultrahard layer 884 may be adjacent to the cutter braze 878.

[0096] In some embodiments, the second line 882-2 may be parallel to the cover
leading face 838. In some embodiments, the second line 882-2 may be transverse to the
cover outer face 840. In some embodiments, the second line 882-2 may be perpendicular
to the cover outer face 840. In some embodiments, the second line 882-2 may be parallel
to a longitudinal axis of the bit.

[0097] The structure described above with respect to the first line 882-1 and the second
line 882-2 is a result of the separate manufacturing and assembly of the blade cover 830 to
the blade body 828. Because the cutter pocket 836 is formed in both the blade cover 830
and the blade body 828, the cutting element 876 may contact both the blade cover 830 and
the blade body 828. Furthermore, the cutting element 876 may be located over both the
blade cover 830 and the blade body 828 simultaneously. This may help to provide
additional retention for the cutting element 876 to the cutter pocket 836.

[0098] In some embodiments, a third line 882-3 may be drawn parallel to the cutting
element 876. In some embodiments, the third line 882-3 may be drawn through the cutter
braze 878. The third line 882-3 may be adjacent to both the cutter pocket 836 and the
cutting element 876. In other words, on a first side of the third line 882-3 may be located
the cutting element 876, and on a second side of the third line 882-3 may be the cutter
pocket 836. In some embodiments, elements of the cutting element 876 may be
simultaneously adjacent to the third line 882-3. For example, in some embodiments, the

cutting element 876, the blade cover 830, and the blade body 828 may be simultaneously
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adjacent to the third line 882-3. In some embodiments, the ultrahard layer 834, the substrate
886, the blade cover 830, and the blade body 828 may be simultaneously adjacent to the
third line 882-3. In some embodiments, the ultrahard layer 834, the substrate 886, the blade
cover 830, the blade body 828, and the cover braze 880 may be simultaneously adjacent to
the third line 882-3.

[0099] In some embodiments, the cutter braze 878 may contact different elements of
the blade 814. For example, the cutter braze 878 may contact the cutting element 876, the
blade cover 830, and the blade body 828. In some examples, the cutter braze 878 may
contact the ultrahard layer 834, the substrate 886, the blade cover 830, and the blade body
828. In some examples, the cutter braze 878 may contact the ultrahard layer 834, the
substrate 886, the blade cover 830, the blade body 828, and the cover braze 880. In some
embodiments, a line may be drawn through the cutting element 876, the cutter braze 878,
and the blade body 828 without contacting the blade cover 830 due to aligned and/or
commonly formed cutter pockets through the blade cover 830 and into the blade body 828.
[00100] FIG. 91is a representation of a blade cover 930 configured to connect to a blade
body (e.g., blade body 428 of FIG. 4-1), according to at least one embodiment of the present
disclosure. In the embodiment shown, the blade cover 930 includes a pilot recess 988
formed in the blade cover 930. In some embodiments, and as discussed further herein,
manufacturing tolerances of the blade cover 930 may result in misalignment of a cover
cutter pocket (e.g., cover cutter pocket 332 of FIG. 3-1) with a body cutter pocket (e.g.,
body cutter pocket 334 of FIG. 3-1). Furthermore, ultrasonic grinding of the blade cover
930 to form a cutter pocket (e.g., cutter pocket 336 of FIG. 3-2) may be time and/or
resource intensive.

[00101] To reduce the amount of post-assembly processing, a pilot recess 988 may be
formed in the blade cover 930 during pre-sintering. In some embodiments, the pilot recess
988 is a recess in the blade cover 930 having a nonzero thickness of the blade cover 930.
For example, the pilot recess 988 may be section of the blade cover 930 that has a recess
thickness that is less than the cover thickness (e.g., cover thickness 877 of FIG. 8). In some
embodiments, the pilot recess 988 may be a pilot hole. That is, the pilot recess 988 may
extend through an entirety of the blade cover 988.
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[00102] The pilot recess 988 may be small enough that its outer limits may be within
the known manufacturing tolerances of the sintering process. In this manner, the amount
of material to be removed to form the cutter pocket after the blade cover 930 is brazed to
the blade body may be reduced. This may reduce the post-assembly machining time and
resources used. As may be seen in a comparison between the blade cover 930 of FIG. 9
and the blade cover 330 of FIG. 3-1, the pilot recess 988 is smaller than the cover cutter
pocket 332. Thus, the chance of a misalignment is reduced. After the blade cover 930 is
attached to the blade body, the cutter pockets may be formed in the blade cover and the
blade body (such as by ultrasonic grinding), thereby forming the final blade as seen in FIG.
3-2.

[00103] Insome embodiments, the pilot recess 988 may have recess rim dimension 989
that is a recess reduction less than a final rim dimension of the final cutter pocket. In some
embodiments, the recess reduction may be in a range having an upper value, a lower value,
or upper and lower values including any of 0.005 in. (0.127 mm), 0.010 in. (0.254 mm),
0.015 in. (0.381 mm), 0.020 in. (0.508 mm), 0.025 in. (0.635 mm), 0.030 in. (0.762 mm),
0.035in. (0.889 mm), 0.040 in. (1.02 mm), 0.045 in. (1.14 mm), 0.05 in. (1.27 mm), or any
value therebetween. For example, the recess reduction may be greater than 0.005 in. (0.127
mm). In another example, the recess reduction may be less than 0.05 in. (1.27 mm). In yet
other examples, the recess reduction may be any value in a range between 0.005 in. (0.127
mm) and 0.05 in. (1.27 mm). In some embodiments, it may be critical that the recess
reduction is less than 0.040 in. (1.02 mm) to reduce misalignment of the final cutter pocket.
[00104] Insome embodiments, the recess rim dimension 989 may reduce from the outer
surface of the blade cover 930 toward the inner surface of the blade cover. In some
embodiments, the recess rim dimension 989 may remain the same throughout a depth of
the pilot recess 988. In some embodiments, the recess reduction may remain constant
throughout a depth of the pilot recess 988. In other words, the recess rim dimension 989
may be offset from the final cutter pocket by a constant recess reduction.

[00105] In some embodiments, the pilot recess 988 may be located anywhere on the
blade cover 930. For example, the pilot recess 988 may be located at the cover leading face
938. In some examples, the pilot recess 988 may be located at the cover outer face 940. In

some embodiments, the pilot recess 988 may be located at the cover leading edge 942. In
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some embodiments, the blade cover 930 may include any number of pilot recesses 988
located anywhere on the blade cover 930. For example, the blade cover 930 may include
pilot recesses 988 on the cover leading face 938 and the cover outer face 940. In some
embodiments, the blade cover 930 may include pilot recesses 988 on the cover leading
edge 942 and the cover outer face 940. In some embodiments, the blade cover 930 may
include pilot recesses 988 on the cover leading face 938 and the cover leading edge 942.
In some embodiments, the blade cover 930 may include pilot recesses 988 on the cover
leading face 938, the cover leading edge 942, and the cover outer face 940.

[00106] FIG. 10 is a representation of a method 1090 of forming a bit, according to at
least one embodiment of the present disclosure. In some embodiments, and without
limiting the present disclosure, the acts of the method 1090 may be represented in a
successive viewing of FIG. 3-1 and 3-2, and a successive viewing of FIG. 4-1 through FIG.
4-3. The method 1090 may include providing a bit body at 1092. The bit body may include
ablade, and the blade may include a body leading face and a body trailing face. The method
1090 may further include providing a pre-sintered blade cover at 1094. The pre-sintered
blade cover may include a cover leading face and a cover outer face. In some embodiments,
providing the pre-sintered blade cover may include pre-sintering the blade cover. For
example, pre-sintering the blade cover may include additively manufacturing the blade
cover, casting the blade cover, or any other mechanism for pre-sintering the blade cover.
[00107] In some embodiments, providing the bit body may include forming (e.g.,
through machining or casting) the blade with a blade profile. Providing the pre-sintered
blade cover may include providing the pre-sintered blade cover with an inner blade cover
profile. The blade profile may be complementary to the blade cover profile. In this manner,
when the blade cover is connected to the blade, the blade cover may be easily and readily
connected to the blade without further machining or working of the blade body.

[00108] The method 1090 may further include connecting the blade cover to the blade
at 1096. Connecting the blade cover to the blade may cause the cover leading face to cover
at least part of the blade leading face and the cover outer face to cover at least part of the
blade outer face. In some embodiments, the blade may include a blade trailing face and the
blade cover may include a cover trailing face and connecting the blade cover to the blade

may cause the cover trailing face to cover at least part of the blade trailing face. In some
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embodiments, connecting the blade cover to the blade may include brazing the blade cover
to the blade.

[00109] In some embodiments, connecting the blade cover to the blade may include
permanently connecting the blade cover to the blade. For example, once the blade cover is
connected to the blade, the blade cover may only be removed from the blade by breaking
or otherwise destroying a portion of the blade cover or the blade. In some embodiments,
the blade cover may be removably connected to the blade, such as by heating the blade
cover and the blade up to the melting point of the braze material and removing the blade
cover when the braze material has melted.

[00110] FIG. 11 is a representation of a method 1190 for forming a bit, according to at
least one embodiment of the present disclosure. In some embodiments, and without
limiting the present disclosure, the acts of the method 1190 may be represented in a
successive viewing of FIG. 3-1 and 3-2, and a successive viewing of FIG. 4-1 through FIG.
4-3. The method 1190 may include providing a bit body at 1192. The bit body may include
ablade, and the blade may include a body leading face and a body trailing face. The method
1190 may further include providing a pre-sintered blade cover at 1194. The pre-sintered
blade cover may include a cover leading face and a cover outer face. The method 1190 may
further include connecting the blade cover to the blade at 1196. Connecting the blade cover
to the blade may cause the cover leading face to cover at least part of the blade leading face
and the cover outer face to cover at least part of the blade outer face.

[00111] In some embodiments, the method 1190 may further include forming a cutter
pocket on the blade after the blade cover is connected to the blade at 1198. Forming the
cutter pocket on the blade may include removing at least a portion of the blade cover. In
some embodiments, forming the cutter pocket may include removing at least a portion of
the blade cover and at least a portion of the blade body. In some embodiments, forming the
cutter pocket may include removing material through ultrasonic grinding.

[00112] Insome embodiments, providing the blade cover may include forming the blade
cover with one or more cover cutter pockets. For example, the blade cover may be
additively manufactured into a shape including one or more cover cutter pockets. In some
examples, the blade cover may be cast with a shape including one or more cover cutter

pockets. In some embodiments, the blade cover may be formed, and a portion of the blade
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cover removed (e.g., through machining or ultrasonic grinding) to form the cover cutter
pockets. In some embodiments, the blade cover may be formed with a pilot recess in the
general location of the final cutter pocket. The pilot recess may be sized such that, within
manufacturing tolerances, the pilot recess may not extend beyond the edges of the final
cutter pocket.

[00113] In some embodiments, providing the bit body may include providing a blade
that includes one or more blade cutter pockets. In some embodiments, the one or more
blade cutter pockets may be machined into the blade after manufacturing. In some
embodiments, the one or more blade cutter pockets may be cast into the blade while casting
the bit body.

[00114] Insome embodiments, forming the cutter pocket may include aligning the blade
cutter pocket with the cover cutter pocket while connecting the blade cover to the blade. In
some embodiments, forming the cutter pocket may include final machining of the cutter
pocket to a final cutter pocket dimension.

[00115] The embodiments of the blade cover have been primarily described with
reference to wellbore drilling operations; the blade cover described herein may be used in
applications other than the drilling of a wellbore. In other embodiments, blade covers
according to the present disclosure may be used outside a wellbore or other downhole
environment used for the exploration or production of natural resources. For instance, blade
covers of the present disclosure may be used in a borehole used for placement of utility
lines. Accordingly, the terms “wellbore,” “borehole” and the like should not be interpreted
to limit tools, systems, assemblies, or methods of the present disclosure to any particular
industry, field, or environment.

[00116] One or more specific embodiments of the present disclosure are described
herein. These described embodiments are examples of the presently disclosed techniques.
Additionally, in an effort to provide a concise description of these embodiments, not all
features of an actual embodiment may be described in the specification. It should be
appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous embodiment-specific decisions will be made to
achieve the developers’ specific goals, such as compliance with system-related and

business-related constraints, which may vary from one embodiment to another. Moreover,
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it should be appreciated that such a development effort might be complex and time
consuming, but would nevertheless be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of this disclosure.

[00117] Additionally, it should be understood that references to “one embodiment” or
“an embodiment” of the present disclosure are not intended to be interpreted as excluding
the existence of additional embodiments that also incorporate the recited features. For
example, any element described in relation to an embodiment herein may be combinable
with any element of any other embodiment described herein. Numbers, percentages, ratios,
or other values stated herein are intended to include that value, and also other values that
are “about” or “approximately” the stated value, as would be appreciated by one of ordinary
skill in the art encompassed by embodiments of the present disclosure. A stated value
should therefore be interpreted broadly enough to encompass values that are at least close
enough to the stated value to perform a desired function or achieve a desired result. The
stated values include at least the variation to be expected in a suitable manufacturing or
production process, and may include values that are within 5%, within 1%, within 0.1%,
or within 0.01% of a stated value.

[00118] A person having ordinary skill in the art should realize in view of the present
disclosure that equivalent constructions do not depart from the spirit and scope of the
present disclosure, and that various changes, substitutions, and alterations may be made to
embodiments disclosed herein without departing from the spirit and scope of the present
disclosure. Equivalent constructions, including functional “means-plus-function” clauses
are intended to cover the structures described herein as performing the recited function,
including both structural equivalents that operate in the same manner, and equivalent
structures that provide the same function. It is the express intention of the applicant not to
invoke means-plus-function or other functional claiming for any claim except for those in
which the words ‘means for’ appear together with an associated function. Each addition,
deletion, and modification to the embodiments that falls within the meaning and scope of
the claims is to be embraced by the claims.

29 (13

[00119] The terms “approximately,” “about,” and “substantially” as used herein
represent an amount close to the stated amount that is within standard manufacturing or

process tolerances, or which still performs a desired function or achieves a desired result.
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2

For example, the terms “approximately,” “about,” and “substantially” may refer to an
amount that is within less than 5% of, within less than 1% of, within less than 0.1% of, and
within less than 0.01% of a stated amount. Further, it should be understood that any
directions or reference frames in the preceding description are merely relative directions or
movements. For example, any references to “up” and “down” or “above” or “below” are
merely descriptive of the relative position or movement of the related elements.

[00120] The present disclosure may be embodied in other specific forms without
departing from its spirit or characteristics. The described embodiments are to be considered
as illustrative and not restrictive. The scope of the disclosure is, therefore, indicated by the

appended claims rather than by the foregoing description. Changes that come within the

meaning and range of equivalency of the claims are to be embraced within their scope.
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CLAIMS

What is claimed is:

1.

A pre-sintered blade cover for connecting to a blade body of a blade of a downhole

tool, the blade body including a body leading face, a body outer face, and a cutter

pocket, comprising:

a cover leading face configured to connect to the body leading face of the blade of
the downhole tool; and

a cover outer face configured to connect to the body outer face of the blade, wherein
the cover outer face extends past a trailing edge of the cutter pocket of the
blade, and wherein the cover leading face and the cover outer face are

integrally formed.

The blade cover of claim 1, wherein the cover leading face and the outer face

surround at least a plurality of cutter pockets.

The blade cover of claim 1, wherein a cover leading edge between the cover leading

face and the cover outer face is seamless.

The blade cover of claim 1, wherein the cover leading face and the cover outer face

are configured to connect to the blade with a braze.

The blade cover of claim 1, comprising a cover cutter pocket configured to align

with the cutter pocket on the blade.

The blade cover of claim 1, comprising a cover trailing face configured to connect

to a trailing face of the blade.

The blade cover of claim 1, wherein the cover leading face and the cover outer face

are configured to cover a nose of the blade.

The blade cover of claim 1, wherein at least one of the cover leading face or the

cover outer face comprises a pilot recess for a cutter pocket.
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10.

11.

12.

13.

14.

15.

A downbhole tool, comprising:

a body;

a blade connected to the body;

a blade cover brazed to the blade with a cover braze, the blade cover seamlessly
extending from a cover leading face to a cover outer face; and

a cutting element connected to the blade, the cutting element comprising an
ultrahard material connected to a substrate, wherein in a cross-section of the
downhole tool: a line through the blade contacts the cutting element, the

blade cover, the cover braze, and the blade.

The downhole tool of claim 9, wherein the cutting element comprising an ultrahard
insert and a substrate, and wherein the line contacts the ultrahard material and the

substrate.

The downhole tool of claim 9, wherein the line is drawn parallel to a leading edge

of the blade.

The downhole tool of claim 9, wherein the line contacts, in order, the cutting

element, the blade cover, the cover braze, and the blade.

A method of forming a downhole tool, comprising:

providing a body, the body comprising a blade, the blade comprising a body leading
face and body outer face;

providing a pre-sintered blade cover, the blade cover comprising a cover leading
face and a cover outer face; and

connecting the blade cover the blade such that the cover leading face covers at least
part of the body leading face and the cover outer face covers at least part of

the body outer face.

The method of claim 13, comprising, after connecting the blade cover to the blade,

forming a cutter pocket in the blade cover and the blade.

The method of claim 14, wherein forming the cutter pocket comprises removing at

least a portion of the blade cover and at least a portion of the blade.
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16.

17.

18.

19.

20.

The method of claim 14, wherein forming the cutter pocket comprises aligning a
cover cutter pocket on the blade cover with a blade cutter pocket on the blade when

connecting the blade cover to the blade.

The method of claim 14, wherein providing the pre-sintered blade cover comprises
providing the blade cover with a pilot recess, and wherein forming the cutter pocket

comprises forming the cutter pocket at the pilot recess.

The method of claim 13, wherein connecting the pre-sintered blade cover to the

blade comprises brazing the blade cover to the blade.

The method of claim 13, wherein providing the pre-sintered blade cover comprises

additively manufacturing the blade cover.

The method of claim 13, wherein providing the body comprises forming the blade
with a blade profile, the blade profile being complementary to a cover profile of the

blade cover.
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