wo 20187200703 A1 | 0K 0000 O O O 0

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

World Intellectual P <
O remiation = O 0 0 O X0
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 2018/200703 Al

01 November 2018 (01.11.2018) WIPOI|PCT

(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, BN, BR, BW, BY, BZ,

(21) International Application Number: CA.CH, CL. CN. CO, CR. CU, CZ, DE, DJ, DK, DM, DO,

PCT/US2018/029409 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(22) International Filing Date: HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
25 April 2018 (25.04.2018) KR,KW,KZ,LA,LC,LK,LR,LS,LU, LY, MA, MD, ME,

MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ

(25) Filing Language: English P A DL D DT DT A B D BT B QA

OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(30) Priority Dat TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
riority Data:

15/581,776 28 April 2017 (28.04.2017) US (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(71) Applicant: BAKER HUGHES, A GE COMPANY, LL.C
[US/US]; 17021 Aldine Westfield, Houston, TX 77073

US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(72) Inventors: SAVAGE, Michael, T.; 34107 Conroe Huff- EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
smith, Magnolia, TX 77354 (US). BILEN, Juan, Miguel; MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
27 Willow Point Place, The Woodlands, TX 77382 (US). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
PHILLIPS, Anthony; 19 East Russet Grove Circle, The KM, ML, MR, NE, SN, TD, TG).

Woodlands, TX 77384 (US).

(74) Agent: MITCHELL, Debra, L. et al.; Traskbritt, P.O. Box
2550, Salt Lake City, UT 84102 (US).

(54) Title: EARTH-BORING TOOLS UTILIZING SELECTIVE PLACEMENT OF SHAPED INSERTS, AND RELATED
METHODS

(57) Abstract: An earth-boring tool includes a body, blades extending
longitudinally and generally radially from the body, and cutting ele-
ments located on each blade. The earth-boring tool may also include
a first group of at least two adjacent blades comprising the cutting el-
ements proximate a front cutting edge of the blades and one or more
shaped inserts located rotationally following the cutting elements, and
a second group of one or more additional blades comprising the cut-
ting elements proximate the front cutting edge of the blades while be-
ing entirely free of the one or more shaped inserts. Methods include
drilling a subterranean formation including engaging a formation with
the cutting elements and the shaped inserts of the earth-boring tool, the
shaped inserts secured at selected locations on two or more adjacent
blades of the first group of blades while the second group of blades is
entirely free of the shaped inserts.

[Continued on next page]



WO 2018/200703 A1 {0V 00 00 A

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



WO 2018/200703 PCT/US2018/029409

10

15

20

25

30

-1-

EARTH-BORING TOOLS UTILIZING SELECTIVE PLACEMENT
OF SHAPED INSERTS, AND RELATED METHODS

PRIORITY CLAIM
This application claims the benefit of the filing date of United States Patent
Application Serial No. 15/581,776, filed April 28, 2017, for “EARTH-BORING TOOLS
UTILIZING SELECTIVE PLACEMENT OF SHAPED INSERTS, AND RELATED
METHODS.”

TECHNICAL FIELD
Embodiments of the present disclosure relate to earth-boring tools utilizing

selective placement of shaped inserts, and related methods.

BACKGROUND

Earth-boring tools are used to form boreholes (e.g., wellbores) in subterranean
formations. Such earth-boring tools include, for example, drill bits, reamers, mills, etc.
For example, a fixed-cutter earth-boring rotary drill bit (often referred to as a “drag™ bit)
generally includes a plurality of cutting elements secured to a face of a bit body of the drill
bit. The cutting elements are fixed in place when used to cut formation materials. A
conventional fixed-cutter earth-boring rotary drill bit includes a bit body having generally
radially projecting and longitudinally extending blades. During drilling operations, the
drill bit is positioned at the bottom of a well borehole and rotated as weight-on-bit (WOB)
is applied.

A plurality of cutting elements is positioned on each of the blades. The cutting
elements commonly comprise a “table” of superabrasive material, such as mutually bound
particles of polycrystalline diamond, formed on a supporting substrate of a hard material,
such as cemented tungsten carbide. Such cutting elements are often referred to as
“polycrystalline diamond compact™ (PDC) cutting elements. The plurality of PDC cutting
elements may be fixed within cutting element pockets formed in each of the blades
(e.g., formed in rotationally leading surfaces of each of the blades). Conventionally, a
bonding material, such as a braze alloy, may be used to secure the cutting elements to the
bit body. One or more surfaces of the cutting table act as a cutting face of the cutting
element. During a drilling operation, one or more portions of the cutting face are pressed

into a subterranean formation. As the earth-boring tool moves (e.g., rotates) relative to the
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subterranean formation, the cutting table drags across surfaces of the subterranean
formation and the cutting face removes (e.g., shears, cuts, gouges, crushes, etc.) a portion
of formation material.

Rotary drill bits carrying such PDC cutting elements have proven very effective in
achieving high rates of penetration in drilling subterranean formations exhibiting low to
medium hardness. In harder subterranean formations, the WOB applied on a downhole
tool, such as a PDC bit, and similarly the torque-on-bit (TOB) applied to the tool, are
typically limited to protect the PDC cutting elements. In order to obtain higher
rate-of-penetration (ROP) in hard subterranean formations, PDC bits may be used at
increased rates of rotation (i.e., increased revolutions per minute (RPM)). At higher RPMs,
however, the bit may become particularly prone to dynamic dysfunctions caused by
mstability of the bit, which may result in damage to the PDC cutting elements, the bit body,
or both.

Adjustments may be made to the bit structure in order to increase drilling efficiency
while reducing mechanical specific energy (MSE) (i.e., the amount of energy required to
remove a given volume of rock). Improvements in stability of rotary drill bits have
reduced prior, notable tendencies of such bits to vibrate in a deleterious manner. Several
approaches to realizing drilling stability have been independently practiced on bits,
including anti-whirl or high-imbalance designs, low-imbalance designs, and kerfing.

One approach for increasing stability involves configuring the rotary drill bit with a
selected imbalance force configuration and is conventionally referred to as a so called
“anti-whirl” bit. Bit “whirl” is a phenomenon wherein the bit precesses around the well
bore and against the side wall in a direction counter to the direction in which the bit is
being rotated. Whirl may result in a borehole of enlarged (over gauge) dimension and out
of round shape and may also result in damage to the cutters and the drill bit. A so called
anti-whirl design or high-imbalance concept typically endeavors to generate an imbalance
force (i.e., the imbalance force being the summation of each of the drilling forces generated
by each of the cutting elements disposed on a rotary drill bit) that is directed toward a gage
pad or bearing pad that slidingly engages the wall of the borehole. Such a configuration
may tend to stabilize a rotary drill bit as it progresses through a subterranean formation.

Various other methods and equipment have been proposed to enhance
(e.g., magnify) the natural imbalance forces, including using dynamically balanced lower

drillstring assemblies and realigning the cutters to enhance the imbalance forces.
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DISCLOSURE

In one embodiment of the disclosure, an earth-boring tool includes a body having a
longitudinal axis. The earth-boring tool also includes blades extending longitudinally and
generally radially from the body and cutting elements located on each blade. The
earth-boring tool may also include a first group of at least two adjacent blades, each blade
of the first group of at least two adjacent blades comprising the cutting elements proximate
a front cutting edge of the blades and one or more shaped inserts located rotationally
following the cutting elements, and a second group of one or more additional blades, each
blade of the second group of one or more additional blades comprises the cutting elements
proximate the front cutting edge of the blades while being entirely free of the one or more
shaped inserts.

In another embodiment of the disclosure, a method of drilling a subterranean
formation includes applying weight-on-bit to an earth-boring tool substantially along a
longitudinal axis thereof and rotating the earth-boring tool, and engaging a formation with
cutting elements and one or more shaped inserts of the earth-boring tool, wherein each
blade of a first group of at least two adjacent blades comprises the cutting elements
proximate a front cutting edge of the blades and the one or more shaped inserts located
rotationally following the cutting elements while each blade of a second group of one or
more additional blades comprises the cutting elements proximate the front cutting edge of

the blades while being entirely free of the one or more shaped inserts.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a perspective view of an earth-boring drill bit including selective
placement of shaped inserts of the disclosure;

FIG. 2 is a cross-sectional view of a blade of an embodiment of the earth-boring
drill bit of the disclosure;

FIG. 3 is a face view of an embodiment of the earth-boring drill bit of the

disclosure;
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FIG. 4 is a face view of an additional embodiment of the earth-boring drill bit of the
disclosure;

FIG. 5A is a graph depicting laboratory test results of Stability Level versus
Depth-of-Cut (DOC) for representative drill bit configurations including no shaped inserts,
shaped inserts on blades 1 and 6, and shaped inserts on blades 1, 5, and 6;

FIG. 5B is a graph depicting laboratory test results of Hole Diameter versus DOC
for the tested drill bit configurations;

FIG. 6 is a graph depicting laboratory test results of ROP versus MSE for the tested
drill bit configurations;

FIG. 7A is a graph depicting laboratory test results of Torque versus WOB for the
tested drill bit configurations; and

FIG. 7B is a graph depicting laboratory test results of ROP versus WOB for the

tested drill bit configurations.

MODE(S) FOR CARRYING OUT THE INVENTION

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

As used herein, the term “earth-boring tool” means and includes any tool used to
remove formation material and form a bore (e.g., a wellbore) through the formation by way
of removing the formation material. Earth-boring tools include, for example, rotary drill
bits (e.g., fixed-cutter or “drag” bits and roller cone or “rock” bits), hybrid bits including
both fixed cutters and roller elements, coring bits, bi-center bits, reamers (including
expandable reamers and fixed-wing reamers), and other so-called “hole-opening™ tools, etc.

As used herein, the term “cutting element” means and includes any element of an
earth-boring tool that is configured to cut or otherwise remove formation material when the
earth-boring tool is used to form or enlarge a bore in the formation. In particular, “cutting
element,” as that term 1s used herein with regard to implementation of embodiments of the
present disclosure, means and includes cutting elements oriented at an angle of from about
two degrees (2°) to about forty-five degrees (45°) measured between a longitudinal axis of a
cutting element and a phantom line extending from an outer surface of a blade of an
earth-boring tool.

As used herein, the term “shaped insert” means and includes any element of an

earth-boring tool that includes a cutting table exhibiting a shaped geometry
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(e.g., dome-shaped, cone-shaped, chisel-shaped, etc.). In particular, “shaped insert,” as that
term is used herein with regards to implementation of embodiments of the present
disclosure, means and includes elements oriented at an angle of from about seventy
degrees (70°) to about one hundred ten degrees (110°) measured between a longitudinal
axis of a shaped insert and an outer surface of a blade of an earth-boring tool.

As used herein, the term “rotationally following™ means rotationally behind a
cutting element, but not necessarily following in the same path.

As used herein, the term “and/or’” includes any and all combinations of one or more
of the associated listed items.

As used herein, the term “substantially™ in reference to a given parameter means
and includes to a degree that one skilled in the art would understand that the given
parameter, property, or condition is met with a small degree of variance, such as within
acceptable manufacturing tolerances. For example, a parameter that is substantially met
may be at least about 90% met, at least about 95% met, or even at least about 99% met.

FIG. 1 is a perspective view of an embodiment of an earth-boring tool 100 of the
present disclosure. The earth-boring tool 100 of FIG. 1 is configured as an earth-boring
rotary drill bit. The earth-boring tool 100, more specifically, comprises a drag bit having a
plurality of cutting elements 102 disposed within pockets 110 and affixed to a body 104 of
the earth-boring tool 100. The earth-boring tool 100 also includes one or more shaped
inserts 106 affixed to the body 104. The present disclosure relates to embodiments of
earth-boring tools including selective placement of the shaped inserts 106 to improve
stability of the drill bit by enhancing (e.g., magnifying) imbalance forces during drilling
operations.

The body 104 of the earth-boring tool 100 may be secured to a shank 108 having a
threaded connection portion (not shown), which may conform to industry standards, such
as those promulgated by the American Petroleum Institute (API), for attaching the
earth-boring tool 100 to a drill string (not shown). The body 104 may include internal fluid
passageways that extend between fluid ports 112 at the face of the body 104 and a
longitudinal bore that extends through the shank 108 and partially through the body 104.
Nozzle inserts 114 may be secured within the fluid ports 112 of the internal fluid
passageways. The body 104 may include a plurality of blades 116 (e.g., blades 116a
through 116f) that are separated by fluid courses 118, portions of which, along the gage of
the earth-boring tool 100, may be referred to in the art as “junk slots.” While the earth-

boring tool 100, as depicted in the embodiment of FIG. 1, includes six blades (i.e., three
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primary blades and three secondary blades), it is to be recognized that the earth-boring
tool 100 may have fewer or greater number of blades. The shaped inserts 106 may be
selectively placed on specific blades (e.g., two or more adjacent blades) of the body 104 in
order to improve stability, as discussed in further detail below.

The cutting elements 102 may comprise PDC cutting elements including a diamond
table secured to a supporting substrate. It is also contemplated that the table may,
alternatively be formed of cubic boron nitride. In some embodiments, the cutting elements
may each comprise a disc-shaped diamond table on an end surface of a generally
cylindrical cemented carbide substrate and having a substantially planar cutting face
opposite the substrate and, in some embodiments, may be configured to be a shearing
cutting element. In other embodiments, the cutting face topography of the cutting faces of
the cutting elements 102, or portions thereof, may be non-planar. Further, the cutting face
of the cutting elements 102 may include one or more adjacent peripheral chamfered cutting
edges. The shaped inserts 106 may also comprise PDC cutting elements including a
diamond table secured to a supporting substrate. However, the shaped inserts 106 may
have a non-planar (e.g., dome-shaped, cone-shaped, chisel-shaped, etc.) cutting face and, in
some embodiments, may be configured to be a gouging cutting element. Further, a cutting
face or leading face of the cutting elements 102 and/or the shaped inserts 106 may be
treated (e.g., polished) to exhibit a greatly reduced surface roughness.

One or more of the shaped inserts 106 may be located in selected regions (e.g., nose
or shoulder region) of the body 104 and may be located proximate to at least one or more
of the cutting elements 102. In some embodiments, the cutting elements 102 may be
positioned proximate a front cutting edge of a respective blade 116 (e.g., at a rotationally
leading edge of the blade 116). By way of non-limiting example, two or more of the
shaped inserts 106 may be positioned proximate one another on the blades 116 and may be
disposed at selected locations rotationally following the cutting elements 102 on the same
blade 116. Itis to be appreciated that the cutting elements 102 and the shaped inserts 106
may be positioned in any configuration in order to provide stability to the body 104 during
drilling operations.

In some embodiments, an exposure (e.g., height, back rake angle, etc.) of the
cutting elements 102 and the shaped inserts 106 may be substantially the same relative to
an adjacent surface of the blade 116. In other embodiments, an exposure of the cutting
elements 102 and the shaped inserts 106 may differ. For example, an exposure of the

shaped inserts 106 may be less than an exposure of the cutting elements 102 relative to an
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adjacent surface of the blade 116. More specifically, the shaped insert 106 may be at least
partially located behind and not exposed above a rotationally leading cutting element 102
secured to the same blade 116 as the shaped insert 106. As a specific, nonlimiting
example, the shaped insert 106 may be located directly rotationally behind and at least
partially within a cutting path (e.g., a kerf) traversed by the cutting element 102. In other
embodiments, the shaped inserts 106 may be located adjacent to the cutting path traversed
by the cutting element 102 and positioned to directly engage the formation. In addition, the
cutting elements 102 may be positioned as primary cutters along the rotationally leading
edge of the blade 116, and the shaped inserts 106 may be positioned as so-called “back up”
cutters rotationally trailing the cutting elements 102. Such back up cutters may be
positioned to exhibit an exposure the same as, greater than, or less than, an associated
primary cutter as discussed above. In other embodiments, the shaped inserts 106 may be
positioned as primary cutters relative to the cutting elements 102 located on a rotationally
following blade 116. It may be appreciated that any combination of the cutting
elements 102, the shaped inserts 106, and/or non-cutting bearing elements may be utilized
in combination in order to provide specific benefits for increased stability during drilling
operations of various subterranean formations.

The shaped inserts 106 may be positioned exclusively on two or more adjacent
blades, as shown in FIG. 1. In such a configuration, one or more (e.g., two) shaped
inserts 106 may be located on blade 116a, which may have the cutting element 102
positioned within a first radially innermost pocket of the blade 116a and proximate a
longitudinal axis L of the body 104. In addition, one or more of the shaped inserts 106 may
be located on an adjacent blade 116 (e.g., blade 116f), while all remaining blades 116 of
the body 104 remain entirely free of the shaped inserts 106. In other embodiments, the
shaped inserts 106 may be selectively located on additional adjacent blades 116 of the
body 104. For example, the shaped inserts 106 may be located on three or more adjacent
blades 116, while all other blades 116 remain entirely free of the shaped inserts 106. In
other words, selective placement of the shaped inserts 106 on the blades 116 may result in
a blade configuration that is asymmetric with respect to the longitudinal axis L.

Further, the blades 116 (e.g., blades 116a and 116f) containing the shaped
inserts 106 may be located on a side of the body 104 farthest from a known imbalance
force acting on the body 104. In such a configuration, all other remaining blades 116
(e.g., blades 116b through 116e) may be entirely free of the shaped inserts 106, which other
blades 116 may be closest to the known imbalance force acting on the body 104. It may be
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appreciated that while the configuration of FIG. 1 specifies that the shaped inserts 106 are
located on blades 116a and 116f, one of ordinary skill in the art will readily appreciate that
any two or more adjacent blades (e.g., farthest from the imbalance force) may include the
shaped inserts 106 in order to enhance the imbalance force acting on the body 104. In
other words, selective placement of the shaped inserts 106 may result in a blade
configuration that is asymmetric with respect to the longitudinal axis L, such that a natural
imbalance force of a drill bit is enhanced. Therefore, the specific embodiments of the
arrangement of blades 116 are shown by way of example only while specific tool
configurations may be tailored to meet the individual requirements of each bit body. The
imbalance force acting on the body 104 may be calculated using conventional methods by
persons having ordinary skill in the art. Thus, it is to be recognized that the imbalance
force will vary between differing drill bits and various earth-boring tools. For example,
differing bit types and sizes, including differing cutting element types and placement along
with differing blade configurations, will affect imbalance forces on each individual bit
body. Once the magnitude and direction of the imbalance forces are calculated, the shaped
inserts 106 may be positioned on specific blades 116 to enhance (e.g., magnify) the
calculated imbalance forces in order to provide increased stability to the earth-boring

tool 100.

In embodiments of the present disclosure, selective placement of additional cutting
elements, such as the shaped inserts 106, may serve to enhance the imbalance forces on a
given drill bit. Drilling characteristics of a particular bit, such as Stability Level, ROP
and/or TOB may be enhanced by selection of the number and placement of the shaped
mserts 106 relative to the number and placement of the cutting elements 102. Itis
contemplated that cutting elements 102 and shaped inserts 106 may be selectively
positioned relative to one another on the blades 116. In addition, smaller bits (e.g., 6.5 inch
(16.51 cm) diameter or less drill bits) which may have limited blade surface area and/or
material volume for cutting elements and/or bearing elements may employ shaped inserts
according to the disclosure for enhanced stability. Further, the number of cutters
(i.e., cutter density) may remain the same or may differ from that of conventional blades in
order to accommodate selective placement of the shaped inserts 106 among the cutting
elements 102. In other embodiments, as the shaped inserts 106 are added to or removed
from blades 116, placement and exposure of the cutting elements 102 may be maintained.
In other words, an original bit design may not change with the exception of adding or

removing the shaped inserts 106 in selected locations (e.g., nose or shoulder regions) of the
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body 104. Finally, selective placement of the shaped inserts 106 may be utilized on other
earth-boring tools, such as, for example, hybrid bits and other earth-boring tools employing
fixed cutting elements and which may include bodies and/or blades that are fabricated from
either steel or a hard metal “matrix” material.

FIG. 2 is a cross-sectional view of a blade 116. The cutting elements 102 may be
disposed within the pockets 110 of the blades 116 and oriented at an angle a existing
between a longitudinal axis L of the cutting elements 102 and a phantom line P extending
from an outer surface 120 of the blades 116. By way of example and not limitation, the
angle o may be within a range of from about two degrees (2°) to about forty-five
degrees (45°). The shaped inserts 106 may be positioned within the pockets 110 of the
blades 116 and oriented at an angle ¢ existing between a longitudinal axis L of the shaped
mserts 106 and a phantom line P extending from an outer surface 120 of the blades 116.
By way of example and not limitation, the angle ¢ may be within a range of from about
seventy degrees (70°) to about one hundred ten degrees (110°). In one embodiment, the
angle ¢ may be about seventy-five degrees (75°). The Assignee of the present disclosure
has designed so called “shaped cutting elements™ including a cutting table exhibiting a
shaped geometry (e.g., dome-shaped, cone-shaped, chisel-shaped, etc.) received in
apertures in axially leading blade surfaces. U.S. Patent 8,794,356, issued August 5, 2014,
U.S. Patent 8,505,634, issued August 13, 2013, and U.S. Patent Application Serial
No. 15/374,891, filed December 9, 2016, each of which are assigned to the Assignee of the
present disclosure, and the disclosure of each of which is incorporated herein in its entirety
by this reference, disclose cutting elements including a cutting table exhibiting such a
shaped geometry disposed within receptacles of a body of an earth-boring tool.

FIG. 3 is a face view illustrating the earth-boring tool 100 of FIG. 1. As discussed
above, the earth-boring tool 100 comprises a drag bit having the cutting elements 102
disposed within the pockets 110 of the blades 116 (i.e., 116a through 116f) of the
body 104. The earth-boring tool 100 also includes one or more of the shaped inserts 106
disposed within the pockets 110 of a group of two or more adjacent blades 116 (e.g., 116a
and 116f). In such a configuration, the shaped inserts 106 may be positioned within the
pockets 110 of each of designated blades 116a and 116f and may be located proximate to
the cutting elements 102, providing a total of four of the shaped inserts 106, two of which
are located on each of the designated blades 116a and 116f. In addition, one or more rows
(e.g., a single row) of the cutting elements 102 may be located proximate to the front

cutting edge of each of the blades 116 (e.g., between the rotationally leading edge and the
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shaped inserts 106) and the shaped inserts 106 may be positioned to rotationally follow the
cutting elements 102 on the same blade 116. In other words and by way of example only,
two of the shaped inserts 106 may be positioned within the pockets 110 on each of the
designated blades 116a and 116f of the group of two or more adjacent blades 116, making
atotal of four of the shaped inserts 106, while another group of one or more adjacent
blades 116 including all remaining blades 116b through 116e lack any of the shaped
elements 106. However, it is to be appreciated that any number of the shaped inserts 106
may be positioned in the pockets 110 and located proximate to (e.g., rotationally following)
the cutting elements 102 on the same blade 116.

In some embodiments, other regions (e.g., cone, flank, gage regions) of the
body 104 may remain entirely free of the shaped inserts 106. In other embodiments, the
cone, nose, flank, shoulder, and gage regions of the body 104 may or may not include the
shaped inserts 106. Further, additional rows of the cutting elements 102 may be positioned
in the pockets 110 and located proximate to (e.g., rotationally following) the row of the
cutting elements 102 located proximate to the front cutting edge of the blades 116. In other
words, the cutting elements 102 may be positioned, either singly, in partial rows, or in full
rows in additional (e.g., rotationally following) portions of the blades 116. Thus, the
shaped inserts 106 may be secured in a predetermined pattern and on a predetermined set
of adjacent blades 116 (i.e., on a specific side of the body 104) in order to provide effective
cutting for the formation type to be cut along with providing stability to the earth-boring
tool 100.

As previously described above, the earth-boring tool 100 may be formed to exhibit
a different configuration than that depicted in FIGS. 1 and 3. By way of non-limiting
example, FIG. 4 shows a face view of an additional embodiment of the earth-boring
tool 100, in accordance with additional embodiments of the disclosure. To avoid
repetition, not all features shown in FIG. 4 are described in detail herein. Rather, unless
described otherwise below, a feature designated by a reference numeral will be understood
to be substantially similar to the previously described feature.

As shown in FIG. 4, the earth-boring tool 100 comprises a drag bit having the
plurality of cutting elements 102 disposed within the pockets 110 of the plurality of
blades 116 (i.e., 116a through 116f) of the body 104. The earth-boring tool 100 of FIG. 4
may be substantially similar to the earth-boring tool 100 shown in FIGS. 1 and 3, except
that the earth-boring tool 100 may include one or more of the shaped inserts 106 disposed
within the pockets 110 of a group of three adjacent blades 116 (e.g., 116a, 116e, and 116f).
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In such a configuration, the shaped inserts 106 may be positioned within the pockets 110 of
each of designated blades 116a, 116e, and 116f and may be located proximate to the
cutting elements 102, providing a total of six of the shaped inserts 106, two of which are
located on each of the designated blades 116a, 116e, and 116f. As discussed above with
reference to FIG. 3, one or more rows (e.g., a single row) of the cutting elements 102 may
be located proximate to the front cutting edge of each of the blades 116 (e.g., between the
rotationally leading edge and the shaped inserts 106) and the shaped inserts 106 may be
positioned to rotationally follow the cutting elements 102 on the same blade 116. In other
words and by way of example only, two of the shaped inserts 106 may be positioned within
the pockets 110 on each of the designated blades 116a, 116e, and 116f of the group of three
adjacent blades 116, making a total of six of the shaped inserts 106, while another group of
one or more adjacent blades 116 including all remaining blades 116b through 116d lack
any of the shaped elements 106. However, it is to be appreciated that any number of the
shaped inserts 106 may be positioned in the pockets 110 and located proximate to

(e.g., rotationally following) the cutting elements 102 on the same blade 116 in order to
provide effective cutting for the formation type to be cut along with providing stability to
the earth-boring tool 100.

FIGS. 5A through 7B show graphs depicting laboratory test results for the
earth-boring tool 100 configured similar to the fixed-cutter rotary drill bit of FIG. 1. In
particular, the drill bits utilized during testing included a 12 Y4 in. (31.115 c¢cm) drag bit
including 19-mm cutting elements, along with shaped cutting elements
(e.2., STAYTRUE™ Shaped Diamond Element Technology) commercially available
through Baker Hughes Incorporated of Houston, TX, positioned on a bit body having a six-
blade configuration. For the specific bit configurations utilized during testing, the
imbalance force was calculated to be a magnitude of 6.9% in the 55.22° direction. During
testing, the drag bits respectively incorporated three distinct configurations involving a first
bit configuration including the cutting elements 102 (exclusively) with no shaped inserts
106. A second bit configuration included the cutting elements 102 with two of the shaped
inserts 106 strategically placed on three adjacent blades 116. Specifically, two of the
shaped inserts 106 were placed on each of blades 1, 5, and 6, while no shaped inserts 106
were placed on remaining blades 2 through 4. A third bit configuration included the
cutting elements 102 with two of the shaped inserts 106 strategically placed on two
adjacent blades 116. Specifically, two of the shaped inserts 106 were placed on each of

blades 1 and 6, while no shaped inserts 106 were placed on remaining blades 2 through 5.
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The first, second, and third bit configurations are indicated in each of FIGS. 5A through 7B
as “No Inserts,” “2 Inserts/Blade 3 Blades,” and “2 Inserts/Blade 2 Blades,” respectively.

It may be noted that additional bit configurations for a drill bit having shaped inserts
positioned on all blades were included in the testing procedure. However, such test results
are not included in the graphs of the disclosure, as the fully loaded bit configuration was
used as a baseline for the present test results. Of general significance in the graphs of
FIGS. 5A through 7B is that the data points obtained during testing depicted in “groups” or
“clusters” tend to illustrate increased stability in each of the plots and are primarily
observed with data points related to the second and third bit configurations. For example,
each of the plots in the graph of FIGS. 5A through 7B exhibits approximately four or five
“groups” of data points. In addition, it may be noted that “noise™ is typically observed at
the beginning of each testing procedure until the bit is stabilized.

FIG. 5A graphically portrays laboratory test results with respect to Stability Level
versus Depth-of-Cut (DOC) (in./rev.). Stability level may be measured or computed, for
example, as “Whirl Traction™ or “p Variation™ (i.e., coefficient of variation of the axial
aggressiveness) in a given formation at a given DOC. In the present testing procedures, a
stability level having a coefficient of 0.1 or below was considered to indicate a stable bit.
Of significance is the magnitude of the difference in utilizing selective placement of shaped
inserts as shown in the graph of FIG. SA. The magnitude of the plot of data points of the
second and third bit configurations utilizing shaped inserts on three and two adjacent
blades, respectively, is expectedly less than the magnitude of the plot of data points of the
first bit configuration utilizing no shaped inserts. However, the plots of the second and
third bit configurations utilizing shaped inserts are markedly different than the plot of the
first bit configuration, indicating significant improvement in stability level of the bit
configurations utilizing selective placement of the shaped inserts. As shown in the graph
of FIG. 5A, the second and third bit configurations fully stabilize by around 48 ft./hr.
(14.6304 m/hr.) (i.e., 0.08 in./rev (0.2032 cm/rev)). In addition, the plot for the third bit
configuration (i.e., two blades) has lower peaks than the second bit configuration (i.e., three
blades) and shows signs of the bit stabilizing sooner, which test results were unexpected
given the slight modifications between the latter two bit configurations. These results are
attributable to the selective placement of the shaped inserts providing improved stability of
the bit by enhancing imbalance forces while engaging the formation in accordance with the
present disclosure as will become even more apparent in yet to be discussed FIGS. 7A

and 7B.
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FIG. 5B graphically portrays laboratory test results with respect to Hole Diameter
(in.) versus Depth-of-Cut (DOC) (in./rev.). Similar to FIG. 5A, of significance in FIG. 5B
is the magnitude of the difference in utilizing selective placement of shaped inserts.
Specifically, the plots of the second and third bit configurations utilizing shaped inserts are
markedly different than the plot of the first bit configuration, indicating significant
improvement in reducing hole diameter when drilling with the second and third bit
configurations utilizing selective placement of the shaped inserts. It may be noted that a
reduced hole diameter (i.e., approximating the diameter of the bit) is desirable, as an
oversized hole diameter is generally an indication of instability in a drill bit, which in turn
requires an increased amount of energy required to remove a given volume of rock. As
shown in the graph of FIG. 5B, the plot for the third bit configuration (i.e., two blades) has
lower peaks than the second bit configuration (i.e., three blades) and shows signs of the bit
stabilizing sooner, which test results were again unexpected given the slight modifications
between the bit configurations.

FIG. 6 depicts laboratory test results of Rate-of-Penetration (ROP) (ft./hr.) versus
Mechanical Specific Energy (MSE) (psi). Typically, a higher ROP for a given MSE is
desirable. Assessing data from so-called “power curves™ on graphs displaying ROP versus
MSE may be interpreted using methods summarized in U.S. Patent No. 8,854,373, issued
October 7, 2014 to Pessier et al., which is assigned to the Assignee of the present
disclosure, the disclosure of which is incorporated herein in its entirety by this reference.
Of significance in the graph of FIG. 6 is the grouping of the data points for each of the
second and third bit configurations. It may be noted that an unstable bit will provide
increased scatter in the data points. Data points of the second and third bit configurations
utilizing shaped inserts expectedly exhibited an increased amount of grouping compared to
the scattering of data points of the first bit configuration utilizing no shaped inserts.
However, test results for the third bit configuration (i.e., 2 blades) appear to show yet more
consistent grouping of data points and slightly improved efficiency at higher ROPs than the
test results for the second bit configuration (i.e., 3 blades), which test results were
unexpected. Therefore, placement of the shaped inserts on adjacent blades (e.g., on one
side of the bit body) while all other remaining blades were entirely free of shaped inserts
provided a significant increase in ROPs per MSE. Thus, the selective placement of shaped
inserts appears to provide greater stability, thereby providing a novel solution to the
problem of natural imbalance forces while providing the additional benefit of reducing

manufacturing costs.
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FIG. 7A graphically portrays laboratory test results with respect to Torque-on-Bit
(TOB) (ft.-1bs.) versus Weight-on-Bit (WOB) (Ibs.). Of general note in the graphs of
FIGS. 7A and 7B is that “noise” may be observed at the beginning of the test for each bit
configuration until the bits are stabilized at around 4000 lbs. (1814.369 kg) of WOB. At
that point, it may be observed that the TOB for a given WOB is significantly higher in the
first bit configuration utilizing no shaped inserts. Of significance in the graph of FIG. 7A
is the separation in the TOB response between the second and third bit configurations. As
shown in the graph of FIG. 7A, the plot for the third bit configuration (i.e., two blades) has
closer groupings (i.e., less scatter and greater separation) than the second bit configuration
(i.e., three blades), which results were unexpected. The test results indicate that an increase
in stability of the bit (i.e., enhancing natural imbalance forces) may enable increased WOB
to be applied without the bit experiencing loss of efficiency. Thus, in order to obtain a
greater ratio of TOB per WOB, a bit having selectively shaped inserts among cutting
elements may be utilized.

FIG. 7B graphically portrays laboratory test results with respect to Rate-of-
Penetration (ROP) (ft./hr.) versus Weight-on-Bit (WOB) (Ibs.). It may be observed that the
ROP for a given WOB is somewhat higher and the scattering of data points is significantly
greater for the first bit configuration utilizing no shaped inserts in comparison with the
plots for the second and third bit configurations. Similar to the graph of FIG. 7A, of
significance in the graph of FIG. 7B is the separation in the ROP response between the
second and third bit configurations. As shown in the graph of FIG. 7B, the plot for the
third bit configuration (i.e., two blades) has closer groupings (i.e., less scatter and greater
separation) than the second bit configuration (i.e., three blades), which results were
unexpected. In addition, the plot for the third bit configuration appears to indicate that
higher ROPs may be achieved per pound of WOB by effectively enhancing imbalance
forces utilizing selective placement of shaped inserts. In other words, bit configurations
having shaped inserts appear to have a stabilizing effect while requiring less WOB to
achieve equivalent ROPs. As a result, continuously achievable ROP may be optimized and
TOB controlled even under high WOB, while destructive loading of the PDC cutting
elements is largely prevented.

It can now be appreciated that the present disclosure is particularly suitable for
applications involving earth-boring tools that might otherwise utilize conventional
placement of cutting elements and/or shaped inserts. Therefore, when implementing the

present disclosure by providing a bit having selective placement of shaped inserts among
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cutting elements, a bit embodying the present disclosure will optimally exhibit reduced
MSE for increased drilling efficiency. In particular, placement of shaped inserts on two or
more adjacent blades of the bit body farthest from an imbalance force may beneficially
affect stability levels and WOB, which in turn affects MSE, particularly in drilling harder
subterranean formations.

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

Embodiment 1: An earth-boring tool, comprising: a body having a longitudinal
axis; blades extending longitudinally and generally radially from the body; a plurality of
cutting elements located on each blade; a first group of at least two adjacent blades, each
blade of the first group of at least two adjacent blades comprising the plurality of cutting
elements proximate a front cutting edge of the blades and at least one shaped insert located
rotationally following the plurality of cutting elements; and a second group of at least one
additional blade, each blade of the second group of at least one additional blade comprises
the plurality of cutting elements proximate the front cutting edge of the blades while being
entirely free of the at least one shaped insert.

Embodiment 2: The earth-boring tool of Embodiment 1, wherein the blades further
comprise a plurality of primary blades and a plurality of secondary blades, the first group
of at least two adjacent blades including at least one primary blade adjacent to at least one
secondary blade.

Embodiment 3: The earth-boring tool according to any one of Embodiments 1 or 2,
wherein: the first group of at least two adjacent blades containing the at least one shaped
insert is located on a first side of the body farthest from an imbalance force acting on the
body:; and the second group of at least one additional blade being entirely free of the at
least one shaped insert is located on a second side of the body closest to the imbalance
force acting on the body.

Embodiment 4: The earth-boring tool according to any one of Embodiments 1
through 3, wherein the at least one shaped insert comprises two shaped inserts located on
each blade of the first group of at least two adjacent blades.

Embodiment 5: The earth-boring tool according to any one of Embodiments 1
through 4, wherein the at least one shaped insert located on each blade of the first group of
at least two adjacent blades comprises the at least one shaped insert being located on three
adjacent blades while each blade of the second group of at least one additional blade is

entirely free of the at least one shaped insert.
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Embodiment 6: The earth-boring tool according to any one of Embodiments 1
through 5, wherein: the plurality of cutting elements is located at a rotationally leading
edge of a respective blade; and the at least one shaped insert is positioned to rotationally
follow the plurality of cutting elements on the respective blade.

5 Embodiment 7: The earth-boring tool according to any one of Embodiments 1
through 6, wherein the plurality of cutting elements comprises a substantially planar cutting
face having an adjacent peripheral chamfered cutting edge.

Embodiment 8: The earth-boring tool according to any one of Embodiments 1
through 7, wherein a cutting face of the at least one shaped insert is at least one of

10 dome-shaped, cone-shaped, and chisel-shaped.

Embodiment 9: The earth-boring tool according to any one of Embodiments 1
through 8, wherein: a longitudinal axis of each cutting element of the plurality of cutting
elements is oriented at an angle between about 2 degrees and about 45 degrees relative to
an outer surface of the blades; and a longitudinal axis of the at least one shaped insert is

15  oriented at an angle between about 70 degrees and about 110 degrees relative to an outer
surface of the blades.

Embodiment 10: The earth-boring tool according to any one of Embodiments 1
through 9, wherein an exposure of the at least one shaped insert relative to an adjacent
surface of a respective blade is less than an exposure of the plurality of cutting elements

20  relative to an adjacent surface of the respective blade.

Embodiment 11: The earth-boring tool of Embodiment 10, wherein the at least one
shaped insert is at least partially located behind and not exposed above a rotationally
leading cutting element secured to the same blade as the at least one shaped insert.

Embodiment 12: The earth-boring tool of Embodiment 11, wherein the at least one

25  shaped insert is located directly rotationally behind and at least partially within a cutting
path traversed by the rotationally leading cutting element.

Embodiment 13: The earth-boring tool of Embodiment 11, wherein the at least one
shaped insert is located adjacent to a cutting path traversed by the rotationally leading
cutting element, the at least one shaped insert positioned to directly engage a formation.

30 Embodiment 14: The earth-boring tool according to any one of Embodiments 1
through 13, wherein the at least one shaped insert is located in at least one of a nose region

and a shoulder region of a face of the earth-boring tool.
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Embodiment 15: The earth-boring tool according to any one of Embodiments 1
through 14, wherein the earth-boring tool is a fixed-cutter rotary drill bit having a body
comprising steel or a hard metal matrix material.

Embodiment 16: A method of drilling a subterranean formation, comprising:
applying weight-on-bit to an earth-boring tool as recited in any one of Embodiments 1
through 3 substantially along a longitudinal axis thereof and rotating the earth-boring tool;
and engaging a formation with a plurality of cutting elements and at least one shaped insert
of the earth-boring tool, wherein each blade of a first group of at least two adjacent blades
comprises the plurality of cutting elements proximate a front cutting edge of the blades and
the at least one shaped insert located rotationally following the plurality of cutting elements
while each blade of a second group of at least one additional blade comprises the plurality
of cutting elements proximate the front cutting edge of the blades while being entirely free
of the at least one shaped insert.

Embodiment 17: The method of Embodiment 16, further comprising enhancing
imbalance forces acting on the earth-boring tool using a blade configuration that is
asymmetric with respect to the longitudinal axis.

Embodiment 18: The method according to Embodiment 17, wherein enhancing the
imbalance forces acting on the earth-boring tool comprises using the at least one shaped
insert located within the first group of at least two adjacent blades on a first side of a body
of the earth-boring tool farthest from the imbalance forces acting on the body while each
blade of the second group of at least one additional blade being entirely free of the at least
one shaped insert is located on a second side of the body closest to the imbalance forces
acting on the body during application of a selected weight-on-bit substantially along the
longitudinal axis.

Embodiment 19: The method according to any one of Embodiments 16 through 18,
wherein engaging the formation comprises shearing the formation with the plurality of
cutting elements while gouging the formation with the at least one shaped insert.

Embodiment 20: The method according to any one of Embodiments 16 through 19,
wherein engaging the formation comprises engaging the formation with at least a portion of
the plurality of cutting elements located at a rotationally leading edge of a respective blade
and the at least one shaped insert positioned to rotationally follow the plurality of cutting
elements on the respective blade.

Although the foregoing description contains many specifics, these are not to be

construed as limiting the scope of the present disclosure, but merely as providing certain



WO 2018/200703 PCT/US2018/029409

10

-18 -

exemplary embodiments. Similarly, other embodiments of the disclosure may be devised,
which do not depart from the spirit or scope of the present disclosure. For example,
features described herein with reference to one embodiment also may be provided in others
of the embodiments described herein. The scope of the invention is, therefore, indicated
and limited only by the appended claims and their legal equivalents, rather than by the
foregoing description. All additions, deletions, and modifications to the disclosed
embodiments, which fall within the meaning and scope of the claims, are encompassed by

the present disclosure.
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CLAIMS
What is claimed is:
1. An earth-boring tool, comprising:

a body having a longitudinal axis;

blades extending longitudinally and generally radially from the body;

a plurality of cutting elements located on each blade;

a first group of at least two adjacent blades, each blade of the first group of at least two
adjacent blades comprising the plurality of cutting elements proximate a front
cutting edge of the blades and at least one shaped insert located rotationally
following the plurality of cutting elements; and

a second group of at least one additional blade, each blade of the second group of at least
one additional blade comprising the plurality of cutting elements proximate the
front cutting edge of the blades while being entirely free of the at least one shaped

insert.

2. The earth-boring tool of claim 1, wherein the blades further comprise a
plurality of primary blades and a plurality of secondary blades, the first group of at least
two adjacent blades including at least one primary blade adjacent to at least one secondary

blade.

3. The earth-boring tool of claim 1, wherein:

the first group of at least two adjacent blades containing the at least one shaped insert is
located on a first side of the body farthest from an imbalance force acting on the
body; and

the second group of at least one additional blade being entirely free of the at least one
shaped insert is located on a second side of the body closest to the imbalance force

acting on the body.

4, The earth-boring tool according to any one of claims 1 through 3, wherein the
at least one shaped insert comprises two shaped inserts located on each blade of the first

group of at least two adjacent blades.
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5. The earth-boring tool according to any one of claims 1 through 3, wherein the
at least one shaped insert located on each blade of the first group of at least two adjacent
blades comprises the at least one shaped insert being located on three adjacent blades while
each blade of the second group of at least one additional blade is entirely free of the at least

one shaped insert.

6. The earth-boring tool according to any one of claims 1 through 3, wherein:
the plurality of cutting elements is located at a rotationally leading edge of a respective
blade; and
the at least one shaped insert is positioned to rotationally follow the plurality of cutting

elements on the respective blade.

7. The earth-boring tool according to any one of claims 1 through 3, wherein:
the plurality of cutting elements comprises a substantially planar cutting face having an
adjacent peripheral chamfered cutting edge; and
a cutting face of the at least one shaped insert is at least one of dome-shaped, cone-shaped,

and chisel-shaped.

8. The earth-boring tool according to any one of claims 1 through 3, wherein:

a longitudinal axis of each cutting element of the plurality of cutting elements is oriented at
an angle between about 2 degrees and about 45 degrees relative to an outer surface
of the blades; and

a longitudinal axis of the at least one shaped insert is oriented at an angle between about 70

degrees and about 110 degrees relative to an outer surface of the blades.

9. The earth-boring tool according to any one of claims 1 through 3, wherein the
at least one shaped insert is at least partially located behind and not exposed above a
rotationally leading cutting element secured to the same blade as the at least one shaped

msert.

10.  The earth-boring tool of claim 9, wherein the at least one shaped insert is
located directly rotationally behind and at least partially within a cutting path traversed by

the rotationally leading cutting element.
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11.  The earth-boring tool of claim 9, wherein the at least one shaped insert is
located adjacent to a cutting path traversed by the rotationally leading cutting element, the

at least one shaped insert positioned to directly engage a formation.

12 A method of drilling a subterranean formation, comprising:

applying weight-on-bit to an earth-boring tool as recited in any one of claims 1 through 3
substantially along a longitudinal axis thereof and rotating the earth-boring tool;
and

engaging a formation with a plurality of cutting elements and at least one shaped insert of
the earth-boring tool, wherein each blade of a first group of at least two adjacent
blades comprises the plurality of cutting elements proximate a front cutting edge of
the blades and the at least one shaped insert located rotationally following the
plurality of cutting elements while each blade of a second group of at least one
additional blade comprises the plurality of cutting elements proximate the front

cutting edge of the blades while being entirely free of the at least one shaped insert.

13, The method according to claim 12, further comprising enhancing imbalance
forces acting on the earth-boring tool using a blade configuration that is asymmetric with

respect to the longitudinal axis.

14, The method according to claim 13, wherein enhancing the imbalance forces
acting on the earth-boring tool comprises using the at least one shaped insert located within
the first group of at least two adjacent blades on a first side of a body of the earth-boring
tool farthest from the imbalance forces acting on the body while each blade of the second
group of at least one additional blade being entirely free of the at least one shaped insert is
located on a second side of the body closest to the imbalance forces acting on the body

during application of a selected weight-on-bit substantially along the longitudinal axis.

15. The method of claim 12, wherein engaging the formation comprises
engaging the formation with at least a portion of the plurality of cutting elements located at
arotationally leading edge of a respective blade and the at least one shaped insert

positioned to rotationally follow the plurality of cutting elements on the respective blade.
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