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DRILL BIT CUTTER HAVING SHAPED CUTTING ELEMENT

TECHNICAL FIELD

The present disclosure relates generally to cutters for use in drill bits and other
downhole cutting tools.

BACKGROUND

Various types of tools are used to form wellbores in subterranean formations
for recovering hydrocarbons such as oil and gas lying beneath the surface. Examples
of such tools include rotary drill bits, hole openers, reamers, and coring bits. Rotary
drill bits include fixed cutter drill bits, such as polycrystalline diamond (PCD) bits. A
drill bit may be used to drill through various levels or types of geological formations.
However, as the formation varies with depth or location, for example, from lower
compressive strength at one depth/location to higher compressive strength at another
depth/location, performance of a cutter may vary.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present disclosure and its features and
advantages thereof may be acquired by referring to the following description, taken in
conjunction with the accompanying drawings, in which like reference numbers
indicate like features, and wherein:

FIGURE 1 illustrates an elevation view of an example drilling system;

FIGURE 2 illustrates an isometric view of an example fixed cutter drill bit;

FIGURE 3 illustrates a drawing in section and in elevation with portions
broken away showing a drill bit drilling a wellbore through a first downhole
formation and into an adjacent second downhole formation;

FIGURE 4A illustrates a cross-sectional side view of an example rotating
cutter with a shaped cutting element;

FIGURE 4B illustrates a cross-sectional side view of an example non-rotating
cutter with a shaped cutting element;

FIGURE 5A illustrates an isometric view of an example cutter;

FIGURE 5B illustrates an isometric view of an example cutter;

FIGURE 5C illustrates an isometric view of an example cutter;
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FIGURE 6A illustrates a cross-sectional side view of an exemplary cutter,
including associated drilling forces;

FIGURE 6B illustrates a cross-sectional front view of a cutting element
drilling a downhole formation;

FIGURE 6C illustrates a cross-sectional front view of a shaped cutting
element drilling a downhole formation;

FIGURE 7A illustrates blade profile that represents an upwardly pointed
cross-sectional view of a blade of a drill bit; and

FIGURE 7B illustrates a cross-sectional view of cutters interacting with a
formation.

DETAILED DESCRIPTION

The present disclosure provides embodiments of a cutter, for a drill bit, having
various mechanical attributes for improving cutter performance, such as a specially-
shaped (non-circular) cutting elements generally referred to herein as shaped cutting
elements. Cutters having these shaped cutting elements may be mounted to a drill bit
body and may be optionally rotatable about a cutter axis of the cutter. A plurality of
cutters according to this disclosure may be at strategically-selected locations on a drill
bit body. Each cutter may include a substrate and a shaped cutting element made of
hard cutting material (e.g. polycrystalline diamond) secured on one end of the
substrate, such as by brazing or high-temperature pressing. The cutting element may
be formed from a superhard material, such as a polycrystalline diamond (PCD) or
cubic boron nitride. The cutting element has at least one cutting surface, which is or
includes the portion of the cutting element intended to contact the formation during
drilling. The cutter is secured to the drill bit body to position the cutting element such
that the cutting surface engages a downhole formation during drilling.

In one aspect of the disclosure, the cutting element itself may have a particular
geometrical shape other than the generally circular or cylindrical cutting elements on
conventional fixed-cutter bits. The particular shape of the cutting element may be
other than, and irrespective of, the shape of the substrate to which the cutting element
is attached. For instance, a cutter may include a cutting element with a polygonal

shape secured to a substrate having a cylindrical shape. A wide variety of different
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cutting element shapes, and different combinations of cutting element and substrate
shape combinations, are also disclosed.

Further, at least a portion of the cutter may be rotatably secured to the bit body
so that the cutting element can rotate about a cutter axis passing through the cutting
element. In some embodiments, the cutter includes a base portion (which is optionally
a substrate-type material) to be attached to the drill bit, and a rotatable substrate
portion rotatably secured to the fixed base portion. The rotating substrate portion and
the cutting element secured to the rotating substrate portion rotate together about the
cutter axis with respect to the fixed base portion. Alternatively, in other embodiments,
a shaped cutting element and substrate are non-rotatably secured to the bit body of a
fixed cutter drill bit.

In embodiments where cutters have a shaped cutting element (and substrate)
and are rotatably secured to the bit body, rotation of the cutting element may allow the
cutting element and associated cutter to have an increased useful life, thereby
reducing the frequency of cutter replacement. In particular, the ability of the cutting
clement to rotate with respect to the fixed base portion may reduce cutter wear by
exposing a greater length of the cutting surface circumference to the formation over
time, versus the cutting edge on a conventional fixed cutter.

Even in embodiments where the shaped cutting elements are not rotatable with
respect to the bit body, the shaped, non-rotating cutting element may also have
improved properties as compared to a conventional circular cutting element. For
example, at the same depth of cut, a shaped, non-circular, non-rotating cutting
clement may have a larger contact arc length with a formation as compared to a
standard circular cutting element. Accordingly, a cutter having a shaped, non-rotating
cutting element located close to bit axis may thus take more weight on bit (WOB),
which may cause less torque on bit (TOB). A downhole drilling tool including a cutter
with a shaped, non-rotating cutting element may thus allow improved toolface control
during directional drilling. Features of the present disclosure and its advantages may
be further understood by referring to FIGURES 1 through 7.

Cutters of the present disclosure may also be used in a drilling system, such as

drilling system 100 in FIGURE 1. FIGURE 1 illustrates an elevation view of an
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example drilling system. Drilling system 100 may be configured to provide drilling
into one or more geological formations. Drilling system 100 may include a well
surface, sometimes referred to as well site 106. Well site 106 may include drilling rig
102 that may have various characteristics and features associated with a land drilling
rig. However, downhole drilling tools incorporating teachings of the present
disclosure may be satisfactorily used with drilling equipment located on offshore
platforms, drill ships, semi-submersibles and drilling barges (not expressly shown in
FIGURE 1).

Drilling system 100 may include drill string 103 associated with drill bit 101
that may be used to form a wide variety of wellbores or bore holes and that may
include cutters of the present disclosure. Bottom hole assembly (BHA) 120 may be
formed from a wide variety of components configured to form wellbore 114. For
example, components 122a, 122b and 122¢ of BHA 120 may include, but are not
limited to, drill bits (e.g., drill bit 101) drill collars, rotary steering tools, directional
drilling tools, downhole drilling motors, drilling parameter sensors for weight, torque,
bend and bend direction measurements of the drill string and other vibration and
rotational related sensors, hole enlargers such as reamers, under reamers or hole
openers, stabilizers, measurement while drilling (MWD) components containing
wellbore survey equipment, logging while drilling (LWD) sensors for measuring
formation parameters, short-hop and long haul telemetry systems used for
communication, and/or any other suitable downhole equipment. The number of
components such as drill collars and different types of components 122 included in
BHA 120 may depend upon anticipated downhole drilling conditions and the type of
wellbore that will be formed by drill string 103 and rotary drill bit 101. Drill bit 101
may be designed and formed in accordance with teachings of the present disclosure
and may have many different designs, configurations, and/or dimensions according to
the particular application of drill bit 101.

Cutters of the present disclosure may be used in a downhole tool, such as a
fixed cutter drill bit. FIGURE 2 illustrates an isometric view of fixed cutter drill bit.
Drill bit 101 may be any of various types of fixed cutter drill bits, including PCD bits,

drag bits, matrix drill bits, and/or steel body drill bits operable to form a wellbore
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extending through one or more downhole formations. Other cutting tools that may
benefit from the disclosures described herein include, but are not limited to,
impregnated drill bits, core heads, coring tools, reamers, and other known downhole

drilling tools.

Drill bit 101 may include one or more blades 202 (e.g., blades 202a-202g) that
may be disposed outwardly from exterior portions of rotary bit body 204 of drill bit
101. Rotary bit body 204 may be generally cylindrical and blades 202 may be any
suitable type of projections extending outwardly from rotary bit body 204. For
example, a portion of blade 202 may be directly or indirectly coupled to an exterior
portion of bit body 204, while another portion of blade 202 may be projected away
from the exterior portion of bit body 204. Blades 202 formed in accordance with
teachings of the present disclosure may have a wide variety of configurations
including, but not limited to, substantially arched, helical, spiraling, tapered,
converging, diverging, symmetrical, and/or asymmetrical.

Blades 202 and drill bit 101 may rotate about bit axis 208 in a direction
defined by directional arrow 214. Blades 202 may include one or more cutters 206
disposed outwardly from exterior portions of each blade 202. For example, a base
portion of cutter 206 may be directly or indirectly coupled to an exterior portion of
blade 202 while the cutting element of cutter 206 may be projected away from the
exterior portion of blade 202. Cutters 206 may be any suitable device configured to
cut into a formation, including but not limited to, primary cutters, backup cutters,
secondary cutters, or any combination thereof. By way of example and not limitation,
cutters 206 may be various types of cutters, compacts, buttons, inserts, and gage
cutters, satisfactory for use with a wide variety of drill bits 101.

Cutters 206 may be retained in recesses or cutter pockets 240 located on
blades 202 of drill bit 101. A brazing material, welding material, soldering material,
adhesive, or other attachment material may be placed between cutter body 230,
particularly a fixed base portion, and cutter pockets 240. Cutter 206 may also be
removed from cutter pocket 240 by re-heating the brazing material, then physically
dislocating cutter 206. A new cutter 206 may then be inserted into cutter pockets 240

and coupled via a braze joint. Cutters 206 may also be coupled to a blade, such as
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blade 202 of drill bit 101, by use of another securing mechanism. However, cutters
206 may also be coupled to any other component of drill bit 101, such as the top of
blade 202 or as a back-up cutter.

Any suitable cutters may include a shaped cutting element. As described
below in reference to FIGURE 3, a bit face of a drill bit may be divided in to one or
more zones. A cutter in any suitable zone may include a shaped cutting element. For
example, at least one or all cone cutters may include a shaped cutting element.
Additionally, at least one or all gage cutters may include a shaped cutting element.
Further, at least one or all shoulder cutters may include a shaped cutting element.
Also, at least one or all nose cutters may include a shaped cutting element.

Uphole end 220 of drill bit 101 may include shank 222 with drill pipe threads
224 formed thereon. Threads 224 may be used to releasably engage drill bit 101 with
a bottom hole assembly whereby drill bit 101 may be rotated relative to bit axis 208.

Cutters 206 may include cutting element 232 disposed on one end of cutter
body 230. Cutting element 232 includes a cutting face that engages adjacent portions
of a downhole formation to form a wellbore when used on a drill bit, or performs a
similar function on other downhole tools. Cutting element 232 may include cutting
face 234 and cutting edge 236. Contact of cutting face 234 and optionally also cutting
edge 236 with the formation may form a cutting zone associated with each cutter 206.
Cutting element 232 may have a flat or planar cutting face 234, but may also have a
curved cutting face 234. Different portions of cutting element 232 may have different
surfaces and/or cutting edges with a variety of different properties. For example,
different portions of cutting element 232 may have different hardnesses, and/or
impact resistance. These properties of cutting element 232 may be based on material
used (e.g., diamond grain size), and/or treatment (e.g., leaching).

Cutter body 230, as illustrated in further detail below with reference to
FIGURES 4A and 4B, may contain a rotating portion on which cutting element 232
may be disposed, and a fixed base portion, which may be attached to a downhole tool.
A substrate portion of cutter body 230 may be formed from tungsten carbide or other
suitable materials associated with forming cutters for rotary drill bits. Tungsten

carbides may include, but are not limited to, monotungsten carbide (WC), ditungsten
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carbide (W,C), macrocrystalline tungsten carbide and cemented or sintered tungsten
carbide. A substrate portions of cutter body 230 may also be formed using other hard
materials, which may include various metal alloys and cements such as metal borides,
metal carbides, metal oxides and metal nitrides. Additionally, various binding metals
may be included in a substrate portion of cutter body 230, such as cobalt, nickel, iron,
metal alloys, or mixtures thereof. Like a substrate portion, a fixed base portion of
cutter body 230 may be also formed using any of these materials. A fixed base portion
of a cutter body 230 may also be formed from other bit body materials, such as steel,
a steel alloy, carbide (e.g., tungsten carbide, silicon carbide, etc.).

For some applications, cutting element 232 may be formed from substantially
the same materials as the substrate. In other applications, cutting element 232 may be
formed from different materials than the substrate. Examples of materials used to
form cutting element 232 may include PCD, including synthetic polycrystalline
diamonds, thermally stable polycrystalline diamond (TSP), and other suitable
materials.

To form cutting element 232, a rotating substrate portion may be placed
proximate to a layer of ultra-hard material particles, e.g., diamond particles, and
subjected to high temperature and pressure to result in recrystallization and formation
of a polycrystalline material layer, e.g. PCD layer. Cutting element 232 and a rotating
substrate portion may be formed as two distinct components of the cutter 206. Cutting
element 232 and a rotating substrate portion may alternatively be integrally formed.
Cutting element 232 may include different cutting edges and/or cutting faces.
Properties of cutting edges and cutting faces of cutting element 232 may be designed
based on a characteristic of the formation to be cut by the drill bit. Further, cutting
element 232 may have sections (e.g., cutting edges and/or cutting faces) with a variety
of different cutting face properties (e.g., hardnesses, and/or impact resistance). These
cutting face properties may be based on material used (e.g., diamond grain size), or
treatment (e.g., leaching). Although shown in FIGURES 5A-7B below with particular
numbers of different cutting edge or cutting face properties, cutting element 232 may

have any number of cutting edge or cutting face properties. Examples of cutting edges
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or cutting faces that may be included on cutter 232 are discussed with reference to
FIGURES 5A-7B below.

FIGURE 3 illustrates a drawing in section and in elevation with portions
broken away showing a drill bit, illustrated above in FIGURES 1 and 2, drilling a
wellbore through a first downhole formation and into an adjacent second downhole
formation. Exterior portions of blades (not expressly shown in FIGURE 3) and cutters
328 may be projected rotationally onto a radial plane to form bit face profile 300. As
illustrated, formation layer 302 may be described as “softer” or “less hard” when
compared to downhole formation layer 304. As shown in FIGURE 3, exterior portions
of drill bit 101 that contact adjacent portions of a downhole formation may be
described as a “bit face.” Bit face profile 300 of drill bit 101 may include various
zones or segments. Bit face profile 300 may be substantially symmetric about bit axis
208 due to the rotational projection of bit face profile 300, such that the zones or
segments on one side of bit axis 208 may be substantially similar to the zones or
segments on the opposite side of bit axis 208.

For example, bit face profile 300 may include gage zone 306a located opposite
gage zone 306b, shoulder zone 308a located opposite shoulder zone 308b, nose zone
310a located opposite a nose zone 310b, and cone zone 312a located opposite a cone
zone 312b. Cutters 206 included in each zone may be referred to as cutters of that
zone. For example, cutters 328, included in gage zones 306 may be referred to as
gage cutters, cutters 328 included in shoulder zones 308 may be referred to as
shoulder cutters, cutters 328, included in nose zones 310 may be referred to as nose
cutters, and cutters 328 included in cone zones 312 may be referred to as cone
cutters.

Cone zones 312 may be formed on exterior portions of each blade (e.g., blades
202 as illustrated in FIGURE 2) of drill bit 101, adjacent to and extending out from
bit axis 208. Cone zones 312 may include convex portions and/or concave portions.
Nose zones 310 may be generally convex and may be formed on exterior portions of
cach blade of drill bit 101, adjacent to and extending from ecach cone zone 312.
Shoulder zones 308 may be formed on exterior portions of each blade 202 extending

from respective nose zones 310 and may terminate proximate to a respective gage
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zone 306. As shown in FIGURE 3, the arca of bit face profile 300 may depend on
cross-sectional areas associated with zones or segments of bit face profile 300 rather
than on a total number of cutters, a total number of blades, or cutting zones per cutter.
FIGURE 3 is for illustrative purposes only and modifications, additions or omissions
may be made to FIGURE 3 without departing from the scope of the present
disclosure. For example, the actual locations of the various zones with respect to the
bit face profile may vary from the depiction in FIGURE 3.

FIGURE 4A illustrates a cross-sectional side view of an example rotating
cutter with a shaped cutting element. There are numerous ways that a rotating portion
of a substrate may be rotatably affixed to a fixed base portion. For example, as
depicted in Figure 4A, rotating cutter 400 includes fixed base portion 404b and
associated shaped cutting element 402 coupled to rotating substrate portion 404a.
Fixed base portion 404b may include a generally cylindrical internal recess 410.
Recess 410 may be configured to receive rotating substrate portion 404a. Rotating
substrate portion 404a may be selected to fit within a recess defined within fixed base
portion 404b. Rotating substrate portion 404a may be configured to support shaped
cutting element 402 and rotate with respect to fixed base portion 404b within recess
410.

Retainer 416 may retain rotating substrate portion 404a in associated recess
410 while allowing rotating substrate portion 404a to rotate with respect to fixed base
portion 404b. Retainer 416 may include any retention mechanism or device
configured to allow rotating substrate portion 404a to rotate about its cutter axis 418
with respect to fixed base portion 404b. For example, bearings or retaining balls, may
be used between rotating substrate portion 404a and recess 410 to secure rotating
substrate portion 404a within recess 410. Retainer 416 may include retaining balls or
other ball bearing mechanisms disposed in an annular array. The annular array may be
formed, for example, by an inner ball race 420 in rotating substrate portion 404a and
outer ball race 422 in adjacent interior portions of recess 410 of fixed base portion
404b. When cutting assembly 406 is installed in fixed base portion 404b, inner ball
race 420 and outer ball race 422 may be substantially aligned, and the space defined
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between inner race 420 and outer race 422 may be generally occupied by the ball
bearings.

In addition to or in place of the ball bearings described directly above, retainer
416 may include any other suitable mechanical interlocking device that rotatably
secures rotating substrate portion 404a within recess 410. For example, retainer 416
may include one or more pins (not expressly shown in FIGURE 4A) that rotatably
secures rotating substrate portion 404a within recess 410. Morcover, multiple
retention mechanisms or retainers 416 may be used. Retainer 416 may be made of any
material capable of withstanding compressive forces acting while the cutting
assembly 406 engages the formation. For example, retainer 416 may be made of steel,
a steel alloy, carbide (e.g., tungsten carbide, silicon carbide, etc.), or any other
suitable material. When inserted, retainer 416 may prevent disengagement of rotating
substrate portion 404a from fixed base portion 404b. Furthermore, retainer 416 may
permit rotating substrate portion 404a to rotate around cutter axis 418. Although a
particular configuration of fixed base portion 404b and rotating substrate portion 404a
is depicted in FIGURE 4A, any suitable retainer may be used to rotatably secure each
rotating substrate portion 404a in associated recess 410.

A rotating substrate portion may be affixed to a fixed substrate portion in any
suitable configuration. For example, a recess may be defined within a rotating
substrate portion, and such a recess may be configured to receive a fixed base portion.
In this implementation, a retainer similar to retainer 416 may be used to secure a fixed
base portion within a recess in a stable substrate portion. An inner ball race may be
defined on a fixed base portion, rather than on a rotating substrate portion. Similarly,
an outer ball race may be defined on a rotating substrate portion rather than on a fixed
base portion. Alternatively, any other suitable retainer or retention mechanism may be
used.

For some applications, bearing surfaces (not expressly shown in FIGURE 4A),
may facilitate rotation of a rotating cutter. For example, bearing surfaces may be
disposed on exterior portions of a rotatable substrate and interior portions of a recess
formed within a fixed base portion. Bearing surfaces associated with mounting a

rotatable substrate within a fixed base portion may be formed as integral components



10

15

20

25

30

WO 2016/204764 PCT/US2015/036424

11

of rotatable substrate and/or fixed base portion. Although a particular configuration of
bearing surfaces is described, any suitable configurations of bearing surfaces may be
used to facilitate rotation of one or more rotating substrate portions 404a in associated
recesses 410.

Shaped cutting element 402 may be disposed on one end of rotating substrate
portion 404a. Shaped cutting element 402 may be similar to cutting element 232
discussed with reference to FIGURE 2, and thus may be configured to cut through a
formation during drilling operations. Shaped cutting element 402 may have a non-
circular cross-section in a plane perpendicular to cutter axis 418. Further, shaped
cutting element 402 may include different edge configurations for cutting edges 430
and/or cutting face properties of cutting face 432. For example, cutting edge 430 may
be configured with a chamfer or a bevel. Moreover, different portions of shaped
cutting element 402 may have different cutting face properties. For example, different
portions of cutting element may be formed with different materials or have different
treatments applied. Accordingly, different portions of shaped cutting element 402 may
have different hardness and/or impact resistance values. These properties may be
based, at least in part, on a material used to form shaped cutting element 402 (e.g.,
diamond grain size), or a treatment applied to shaped cutting element 402 (e.g.,
leaching).

A shaped cutting element may also be affixed to a non-rotating cutter.
FIGURE 4B illustrates a cross-sectional side view of an example non-rotating cutter
with a shaped cutting element. Cutter 450 includes substrate portion 454 and
associated shaped cutting element 452 coupled to substrate portion 454. Shaped
cutting element 452 may be similar to cutting element 232 discussed with reference to
FIGURE 2, and thus may be configured to cut through a formation during drilling
operations. Shaped cutting element 452 may have a non-circular cross-section in a
plane perpendicular to cutter axis 462. Further, shaped cutting element 452 may
include different edge configurations for cutting edges 458 and/or cutting face
properties of cutting face 460. For example, cutting edge 458 may be configured with
a chamfer or a bevel. Moreover, different portions of shaped cutting element 452 may

have different cutting face properties. For example, different portions of cutting
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clement may be formed with different materials or have different treatments applied.
Accordingly, different portions of shaped cutting element 452 may have different
hardness and/or impact resistance values. These properties may be based, at least in
part, on a material used to form shaped cutting element 452 (e.g., diamond grain size),
or a treatment applied to shaped cutting element 452 (e.g., leaching).

FIGURE 5A illustrates an isometric view of an example cutter. Cutter 500
may include substrate 504 and shaped cutting element 502. Shaped cutting element
502 may have a non-circular cross-section. As described below in further detail with
reference to FIGURES 6A-7B, interactions between a formation and shaped cutting
element 502 may promote rotation of cutters 500 around cutter axis 518.

A cross section through a shaped cutting element in a plane perpendicular to
the cutter axis of a cutter may have a variety of shapes. For example, shaped cutting
clements may have a regular polygonal cross-section. For the purposes of the present
disclosure, a regular polygon may refer to a polygon where all the sides have
approximately the same length and where all of the interior angles are approximately
equal. As depicted on exemplary cutter 500, shaped cutting clement 502 has a
heptagonal cross-section. A shaped cutting eclement may have a cross-section
corresponding to a higher order regular polygon, including regular polygons having
between 6 and 36 sides. A shaped cutting element may have either a convex cross-
section or a concave cross-section. For the purposes of the present disclosure, a cross-
section may be concave if one or more interior angles of the cross-section are greater
than approximately 180 degrees. Similarly, for the purposes of the present disclosure,
a cross-section including both concave portions and convex portions may be referred
to as concave. Shaped cutting element 502 may be radially symmetric around cutter
axis 518. Shaped cutting element 502 may also have a cross section including any
suitable number of teeth, as described with reference to FIGURE 5C. Shaped cutting
element 502 may be circumscribed by a cross-section of substrate 504. Accordingly,
because shaped cutting element 502 may have a non-circular cross-section, shaped
cutting element 502 may underlap substrate 504.

A shaped cutting element may include one or more types of cutting edges. For

example, shaped cutting element 502 includes chamfered cutting edge 530. Although
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shaped cutting element 502 is illustrated with a chamfered edge with a particular
angle relative to cutting surface 506 and a particular chamfer width 508, a shaped
cutting element may generally have a chamfered edge with any suitable angle relative
to the cutting surface and any suitable chamfer width. Further, in addition to or in
place of a chamfered edge, a shaped cutting element may have any number of beveled
edges, non-planar edges, and planar edges. Similar to the chamfered edges, other
edges such as beveled edges, non-planar edges, and planar edges may have any
suitable size.

Moreover, a shaped cutting element, or portions of a shaped cutting element,
may be formed from different materials. Accordingly, different cutting faces of a
shaped cutting element may have different cutting face properties. For example,
different cutting faces may have different hardnesses and/or impact resistances. These
properties may be based, at least in part, on a material used to form shaped cutting
element 502 (e.g., diamond grain size), or a treatment applied to shaped cutting
element 502 (e.g, leaching). The edge configuration of a shaped cutting element may
be selected based, at least in part, on impact resistance and drilling efficiency. For
example, a large chamfer size may increase impact resistance, and thus increase bit
life. Similarly, a large chamfer size may decrease drilling efficiency. Although
particular properties of shaped cutting element are depicted in FIGURE 5A, a shaped
cutting element may have any suitable shape, edge configuration, or other cutting
element properties.

Shaped cutting eclements may have many different shapes, edge
configurations, and/or cutting face properties. Further, as described in further detail
below with reference to FIGURE 5C, shaped cutting elements may include a non-
polygonal shape in place of the polygonal shape illustrated in FIGURE 5A.

FIGURE 3B illustrates an isometric view of an example cutter. Cutter 540
may have similar features to cutter 500, described above with reference to FIGURE
5A. For example, cutter 540 may include substrate 544 and shaped cutting element
542. Shaped cutting element 542 may have a regular polygonal cross-section. Shaped
cutting element 542 has a planar cutting edge rather than a chamfered cutting edge.

Accordingly, cutter 540 may have a larger impact resistance than cutter 500,
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described above with references to FIGURE 5A. Correspondingly, cutter 540 may
have a lower drilling efficiency than cutter 500.

FIGURE 5C illustrates an isometric view of an example cutter. Shaped cutting
element 562 has a non-polygonal, concave cross-section. Specifically, shaped cutting
element 562 includes teeth 564 spaced around the circumference of shaped cutting
element 562. Teeth on a shaped cutting element may be rounded, such as a segment or
sector of a circle or ellipse. A circle segment is the area between a chord of a circle
and an arc subtended by that chord. A circle sector is the area enclosed by two radii of
a circle and the arc between those two radii. However, any suitable shape of tooth
may be used, such as regular polygons or other polygons. Teeth 564 may be arranged
around the edges of shaped cutting elements such that symmetry around the cutter
axis of a cutter may be maintained. Although shaped cutting element 562 is illustrated
with a planar edge, shaped cutting element 562 may include any number of chamfered
edges, beveled edges, non-planar edges, and planar edges. Furthermore, shaped
cutting element 562 may include any suitable sizes for any chamfered edges, beveled
edges, non-planar edges, and planar edges. Additionally, different cutting faces may
have different cutting face properties. For example, different cutting faces may have
different hardnesses and/or impact resistances. These properties may be based, at least
in part, on a material used to form cutting element 562 (e.g., diamond grain size), or a
treatment applied to cutting element 562 (e.g, leaching).

As a cutter moves through a formation, a shaped cutting element contacts the
formation. As a result, the shaped cutting element may incur drilling forces. For
shaped cutting elements attached to rotating substrates, the drilling forces incurred by
a shaped cutting clement may promote rotation of the cutter. A shaped, non-rotating
cutter located close to bit axis may thus take more weight on bit (WOB), which may
cause less torque on bit (TOB), allowing for improved tool face control.

FIGURE 6A illustrates a cross sectional side view of an exemplary cutter,
including associated drilling forces. Cutter 600 includes shaped cutting element 606.
Shaped cutting element 606 includes cutting face 624. As cutter 600 moves through a
formation in the drilling direction, shaped cutting element 606 may incur drilling

forces, such as penetration force 620 and drag force 622. Penetration force 620 may
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act toward a bit axis of a drill bit. Drag force 622 may act perpendicular to penetration
force 620 and in the opposite direction as the drilling direction of cutter 600.
Penetration force 620 may be projected into the plane of cutting face 624, resulting in
radial force 628. Similarly, drag force 622 may be projected into a plane normal to
cutting face 624, resulting in normal force 626.

Drag force 622 and penetration force 620 may depend on cutter geometry
coefficients (Kq) and (K,), which may be functions of back rake angle, side rake
angle, and profile angle of cutter 600. Further, drag force 622 and penetration force
620 may additionally depend on rock compressive strength (o), area (A) of the cutting
zone and contact length (L) of the cutting zone. Drag force 622 and penetration force
620 may be calculated as expressed by the equations:

Fd = Kd *o *f(A, L)

Fo =K, * o *f(A,L)

Drilling forces may vary if, for example, cutting zones of cutters, cutter
geometry coefficients, or rock compressive strength at the location of a cutter, vary
between cutters. For example, cutting forces may depend on cutter locations on the
blade of the drill bit, rake angles, formation compressive strength, rate of penetration
(ROP), weight on bit (WOB), and/or rotations per minute (RPM). Drag forces and
penetration forces may be incurred by one or more individual cutters. Each drag force
and penetration force on a cutter may be decomposed into horizontal and vertical
components based on the relative location and orientation of a cutter in a wellbore.
The sum of vertical components of these forces may be used to estimate WOB.
Further, drag forces may be multiplied by their respective moment arms to compute
torque on bit (TOB).

FIGURE 6B illustrates a cross-sectional front view of a cutting element
drilling a downhole formation. During drilling, cutter 640 may move through
formation 642. Cutters having a cutting element with a circular cross section incur a
zero or very small torque around a cutter axis (e.g., cutter axis 644 of cutter 640)
when engaging with a formation. As described above with reference to FIGURE 6A,
as a cutter moves through a formation, the cutter may incur various drilling forces,

including one or more radial forces. Cutters having circular cross-sections (such as
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cutter 640) may incur a single radial force. For example, cutter 640 may incur radial
force 646. Radial force 646 may act substantially toward cutter axis 644. Accordingly,
radial force 646 typically generates a zero or very small torque around cutter axis 644.

FIGURE 6C illustrates a cross-sectional front view of a shaped cutting
element drilling into a downhole formation. Inclusion of a shaped cutting element on
a cutter may change the forces incurred by a cutter as compared to a cutter with a
cutting element having a circular cross-section. Cutters having a shaped cutting
element may experience non-zero torque due to asymmetrical radial forces.
Specifically, a shaped cutting element may incur multiple radial forces because of
multiple contacts with a formation. For example, for a shaped cutting element having
a polygonal cross-section, each side of the shaped cutting element that contacts a
formation may incur a radial force. Likewise, for a shaped cutting element having
teeth, each tooth that contacts a formation may incur a radial force. These multiple
contacts may promote rotation of a rotatable cutter about a cutter axis of the rotatable
cutter. Because these radial forces may have varying forces and angles of incidence
relative to a cutter axis of a cutter, the sum of these forces may generate torque around
the cutter axis of the cutter. Torque around a cutter axis of a rotating cutter may cause
the cutter to rotate in the direction of the torque.

As depicted in FIGURE 6C, shaped cutting element 606 has a non-circular
cross-section and includes tooth 614 and tooth 616. During drilling operations,
formation 608 may have a non-planar surface. Accordingly, individual portions of
shaped cutting element 606 may experience different radial forces. Tooth 614 may
incur radial force 602, while tooth 616 may incur radial force 604. Radial forces 602
and 604 may vary based on contact between shaped cutting element 606 and
formation 608. Because force 602 and force 604 may have different magnitudes and
directions, the sum of these forces may result in torque 612 around cutter axis 610.
Torque 612 may cause a rotatable substrate portion to rotate with respect to a fixed
base portion. Thus, cutting element 606 may rotate due to interactions between a
formation and shaped cutting element 606. Rotation of shaped cutting element 606
may allow different portions of shaped cutting element 606 to contact the formation at

different times during a drilling operation. Accordingly, different portions of shaped
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cutting element 606 may wear more evenly during drilling operations than non-
rotating cutting elements. Shaped cutting element 606 and cutter 600 may thus have a
longer effective life and increase the efficiency of drilling operations.

During drilling operations, as a cutter interacts with different sections of a
wellbore, the magnitude and directions of radial forces 602 and 604, incurred by tooth
614 and tooth 616, respectively, may vary. Thus, the magnitude and direction of
torque 612 may vary during a drilling operation as shaped cutting element 606
interacts with different portions of a wellbore. Torque 612 may have either a positive
or negative value. Accordingly, torque 612 may cause a rotatable cutter to rotate
either clockwise or counterclockwise about a cutter axis. Additionally, radial forces
602 and 604 may vary as shaped cutting element 606 rotates, and/or as shaped cutting
element 606 experiences wear.

FIGURE 7A illustrates a blade profile that represents an upwardly pointed
cross-sectional view of a blade of a drill bit. In addition to or in place of cutters with
shaped cutting elements that are rotatably affixed to a drilling bit, cutters with shaped
cutting elements (e.g., cutters 722a, 722b, and 722¢) may be non-rotatably affixed to a
drill bit. During drilling, non-rotatably affixed cutters with shaped cutting elements
may interact with different sections of a wellbore, and thus may have different contact
arcas and arc-lengths with a formation. Varying contact arcas and arc-lengths of non-
rotatably affixed cutters may affect the application or effects of forces incurred by
individual cutters and by a drill bit. Cutters including shaped cutting elements may be
coupled to different zones of a drill bit to take advantage of properties of drilling
forces incurred by shaped cutting elements.

For example, as shown in FIGURE 7A, blade profile 700 includes cone zone
712, nose zone 710, shoulder zone 708, and gage zone 706 (as described in further
detail above with reference to FIGURE 3). Cone zone 712, nose zone 710, shoulder
zone 708, and gage zone 706, may be identified based on their location along blade
202 with respect to bit axis 732 and horizontal reference line 730 that indicates a
distance from bit axis 732 in a plane that includes bit axis 732. Blade profile 700 may
include inner zone 702 and outer zone 704. Inner zone 702 may extend outward from

bit axis 732 to nose point 711. Outer zone 704 may extend from nose point 711 to the



10

15

20

25

30

WO 2016/204764 PCT/US2015/036424

18

end of blade 126. Nose point 711 may be the location on blade profile 700 within
nose zone 710 that has maximum elevation as measured by bit axis 732 (vertical axis)
from reference line 730 (horizontal axis). A coordinate on the graph in FIGURE 7A
corresponding to bit axis 732 may be referred to as an axial coordinate or position. A
coordinate on the graph in FIGURE 7A corresponding to reference line 730 may be
referred to as a radial coordinate or radial position that indicates a distance extending
orthogonally from bit axis 732 in a radial plane passing through bit axis 732. For
example, in FIGURE 7A bit axis 732 may be placed along a z-axis and reference line
730 indicates the distance (R) extending orthogonally from bit axis 732 to a point on a
radial plane that may be defined as the ZR plane.

A drill bit may include one or more non-rotatable cutters having a shaped
cutting element affixed to a drill bit. For example, as depicted in FIGURE 7A, cutters
722a, 722b, and 722¢ may include shaped cutting elements. Cutters 722a, 722b, and
722¢ may be non-rotatably attached to a blade of a drill bit. One or more cutters with
non-rotatable shaped cutting elements may be affixed in the cone zone of a drill bit.
Cutters with non-rotatable shaped cutting elements may also be affixed to any suitable
location on a drill bit, such as one or more cutters with non-rotatable shaped cutting
elements in a shoulder zone, nose zone, or gage zone.

As described above with reference to FIGURES 6A and 6B, cutters may
experience multiple forces as a shaped cutting element contacts a formation during
drilling operations. For example, a penetration force may act in drilling direction of
the cutter. Further, a drag force may act perpendicularly to penetration force. Drag
forces and penetration forces may depend on rock compressive strength (o) and the
arca of a cutting zone on a cutting face of a cutter. Drag forces may also depend on
the shape of a cutting zone on a cutting face of a cutter. For example, under a given
set of drilling parameters (e.g., rock compressive strength, RPM, ROP) smaller
cutting zones may experience lower drag force and lower penetration force than larger
cutting zones. The effects of the shape of a cutting zone on drilling forces may be
estimated using shaped based cutting force equations. For example, a computer
generated three dimensional model of a drill bit design may be utilized to determine

the position of each cutter on a drill bit design. Based on the position of each cutter
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relative to other features on the drill bit design the cutting zone, the arc length (S), and
the equivalent cutting height (H), may be determined for the cutting zone of each
respective cutter. For example, cutting forces for cutters with cutting zones having

other shapes may be calculated based on a shape-based cutting force equation:
FCZM*G*E_,*SQ*HV

where p is a coefficient related to back rake and side rake angles, o is the rock
compressive strength, & is a coefficient related to the cutting shape, S is the arc length
of the cutting zone, and H is the equivalent cutting height of the cutting zone.
Equivalent cutting height, H, may be calculated based on the arc length, S, and the

cutting zone, A, as follows:
H=A/S

FIGURE 7B illustrates a cross-sectional view of cutters interacting with a
formation. Cutters having shaped cutting elements may have longer arc lengths, and
thus may incur higher cutting forces. For example, cutter 764 includes a shaped
cutting element 752, while cutting element 754 of cutter 766 has a circular cross-
section. Formation 750 may include surface 756. In the example shown in FIGURE
7B, shaped cutting element 752 and cutting element 754 have the same maximum
penetration depth 758 into formation 750. The shortest distance between surface 756
and maximum penetration depth 758 may be referred to as depth of cut. As shown in
FIGURE 7B, shaped cutting element 752 has a longer arc contact length 762 with
formation 702 than arc contact length 760 associated with cutting element 754.
Accordingly, cutter 764 may incur higher cutting forces than cutter 766.

A drill bit or drill bit design may have one or more cutters with cutting
elements having circular cross-sections and one or more cutters with cutting elements
having non-circular cross-sections. Utilizing cutters with shaped cutting elements in
the cone zone of drilling bit may take more WOB to achieve equivalent penetration
forces to a drill bit utilizing non-shaped cutting elements. Similarly, for the same
WOB, a drill bit including cutters with shaped cutting elements in the cone zone may

create less TOB, thus allowing better tool face control.
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Embodiments disclosed herein include:

A. A cutter for a drill bit, including a substrate for rotatably coupling to a
body of the drill bit and a shaped cutting element secured to the substrate, the shaped
cutting element having a radially symmetric, non-circular cross-section in a plane
perpendicular to an axis of rotation of the substrate.

B. A drill bit including a bit body, a blade on an exterior portion of the bit
body, and a rotating cutter on the blade. The rotating cutting including a substrate for
rotatably coupling to a body of the drill bit and a shaped cutting element secured to
the substrate, the shaped cutting element having a radially symmetric, non-circular
cross-section in a plane perpendicular to an axis of rotation of the substrate.

C. A drill bit comprising a bit body a blade on an exterior portion of the bit
body a first cutter coupled to the blade. The first cutter including a first substrate
coupled to the blade, and a first cutting element on the substrate, the first cutting
element having a radially symmetric, non-circular cross-section in a plane
perpendicular to a cutter axis of the first cutter.

Each of embodiments, A, B, and C may have one or more of the following
additional elements in any combination: Element 1: the cutter further comprising a
base portion for fixing to the body of the drill bit, wherein the substrate is rotatably
secured to the base portion. Element 2: wherein the base portion comprises a
substrate material for bonding to the body of the drill bit. Element 3: wherein the base
portion comprising the substrate material and the substrate rotatably secured to the
base portion are generally aligned and have the same cross-sectional shape in a plane
perpendicular to the axis of rotation of the substrate. Element 4: wherein the base
portion further comprises a recess, the substrate positioned within the recess of the
base portion. Element 5: wherein the cutter further comprises a retainer rotatably
securing the rotating portion of the substrate in the recess of the portion of the
substrate. Element 6: the cross-section of the shaped cutting element having a regular
polygonal shape. Element 7: the cross-section of the shaped cutting element having a
concave shape including a plurality of teeth. Element 8: each of the plurality of teeth

having a circular shape. Element 9: the first cutter located on a cone zone of the blade.
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Element 10: a second cutter on the blade, the second cutter including a second
substrate fixed to the blade, and a second cutting element on the second substrate, the
second cutting element having a circular cross-section about a cutter axis of the
second cutter.

Although the present disclosure and its advantages have been described in
detail, it should be understood that various changes, substitutions and alternations can
be made herein without departing from the spirit and scope of the disclosure as
defined by the following claims. It is intended that the present disclosure encompasses

such changes and modifications as fall within the scope of the appended claims.
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WHAT IS CLAIMED I8S:

1. A cutter for a drill bit, comprising:

a substrate for rotatably coupling to a body of the drill bit; and

a shaped cutting element secured to the substrate, the shaped cutting element
having a radially symmetric, non-circular cross-section in a plane perpendicular to an

axis of rotation of the substrate.

2. The cutter of claim 1, further comprising a base portion for fixing to

the body of the drill bit, wherein the substrate is rotatably secured to the base portion.

3. The cutter of claim 2, wherein the base portion comprises a substrate

material for bonding to the body of the drill bit.

4. The cutter of claim 3, wherein the base portion comprising the
substrate material and the substrate rotatably secured to the base portion are generally
aligned and have the same cross-sectional shape in a plane perpendicular to the axis of

rotation of the substrate.

5. The cutter of Claim 4, wherein:

the base portion further comprises a recess, the substrate positioned within the
recess of the base portion; and wherein the cutter further comprises a retainer
rotatably securing the rotating portion of the substrate in the recess of the portion of

the substrate.

6. The cutter of Claim 1, the cross-section of the shaped cutting element

having a regular polygonal shape.

7. The cutter of Claim 1, the cross-section of the shaped cutting element
having a concave shape including a plurality of teeth, each of the plurality of teeth

having a circular shape.
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8. A drill bit comprising;:
a bit body;
a blade on an exterior portion of the bit body;
a rotating cutter on the blade and including:
a substrate for rotatably coupling to a body of the drill bit; and
a shaped cutting element secured to the substrate, the shaped cutting
element having a radially symmetric, non-circular cross-section in a plane

perpendicular to an axis of rotation of the substrate.

9. The drill bit of Claim 8, the rotating cutter further comprising a base
portion for fixing to the body of the drill bit, wherein the substrate is rotatably secured

to the base portion..

10.  The drill bit of Claim 9, wherein the base portion comprises a substrate

material for bonding to the body of the drill bit.

11. The drill bit of Claim 10, wherein the base portion comprising the
substrate material and the substrate rotatably secured to the base portion are generally
aligned and have the same cross-sectional shape in a plane perpendicular to the axis of

rotation of the substrate.

12. The drill bit of Claim 11, wherein the base portion further comprises a
recess, the substrate positioned within the recess of the base portion; and wherein the
cutter further comprises a retainer rotatably securing the rotating portion of the

substrate in the recess of the portion of the substrate.

13.  The drill bit of Claim 8§, the cross-section of the shaped cutting element

having a regular polygonal shape.
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14.  The drill bit of Claim 8, the cross-section of the shaped cutting element
having a concave shape including a plurality of teeth, each of the plurality of teeth

having a circular shape.
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15. A drill bit comprising:
a bit body;
a blade on an exterior portion of the bit body;
a first cutter coupled to the blade and including:
a first substrate coupled to the blade; and
a first cutting element on the substrate, the first cutting element having
a radially symmetric, non-circular cross-section in a plane perpendicular to a

cutter axis of the first cutter.

16. The drill bit of Claim 15, the first cutter located on a cone zone of the
blade.

17.  The drill bit of Claim 15, further comprising a second cutter on the
blade, the second cutter including:

a second substrate fixed to the blade; and

a second cutting element on the second substrate, the second cutting element

having a circular cross-section about a cutter axis of the second cutter.

18.  The drill bit of Claim 15, the cross section having a regular polygonal
shape.

19.  The drill bit of Claim 15, the cross section having a concave shape

including a plurality of teeth.

20.  The drill bit of Claim 19, the plurality of teeth having a circular shape.



WO 2016/204764

1/8

N

PCT/US2015/036424

v L YR
A\ TN
TR
"/:“\\\/f?\\/ %
114~ S0 Zas
4/% <
) %
s lin™
A
> X
i
122a—1T
g
12201
122c—{ 1| | T M120
|
101"




WO 2016/204764 PCT/US2015/036424




WO 2016/204764 PCT/US2015/036424

3/8

R,
X
7
55

N7

23
2

X
N
f%\}‘y@

\,,;,\\,....\}//\4,},;7\{%/

LTS
R

NSRRI
R

N
KRR

5

NS

N

400

422 416

S

4@2 \% 420

— NN N 2

AN ™
ZERN 410
PN LS
430 7 N
402 FIi(G. 4A 404h



WO 2016/204764 PCT/US2015/036424

4/8
450

N
452 FIG. 48 454

504




WO 2016/204764 PCT/US2015/036424

5/8

564




PCT/US2015/036424

WO 2016/204764

6/8

<

NOLLOZHIT ONITHMC

V9 DId



WO 2016/204764 PCT/US2015/036424

7/8

640

D NN NN
e ¢ /s &,
A A
R R R gy A G
RS \ N
R R RSN, IR
< /\\% NN RN f\\fQ\/\\\ﬁ/%‘%\/\\/Q@
N R R RN
FIG. 6B FOAAH A nas:
54671
606
vy

p

RGN \
VAN PN
SRS N DALY,
QAN ANA NSO AN
DN NN AR
FIG. 6C AR s RLNRR
§ VR RO}
8024 NN - 804



WO 2016/204764

732~

PCT/US2015/036424

8/8

2

FIG. 7A

%

7

780 L7158
N AN N A A A A A AT AN &
RO LRR R R
A S AN A AN A S NN ;
4@&&@@%@4\.»/\\//@:5@7\5/«\«
RIRRL R,
NN RN
S S N A e NI
N N N NN AN AN
PR R R R R R R RN
R A N A A AN A
¥ //\\4{\«\\’:{%{/ \é{\

FIG. 7B



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/036424

A. CLASSIFICATION OF SUBJECT MATTER
E21B 10/42(2006.01)i, E21B 10/43(2006.01)i, E21B 10/62(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 10/42; E21B 10/44, E21B 10/36;, B23P 15/32; E21B 10/52; E21B 1/36; E21B 10/43; E21B 10/62

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: wellbore, drill bit, cutting, blade, cone, shaped, substrate, symmetric, recess, and bonding

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2011-0031031 A1 (VEMPATI et al.) 10 February 2011 1-20
See paragraphs [0024]-[0030], [0067]-[0090] and figures 2, 7, 9A-9D.

Y US 2014-0182947 A1 (SMITH INTERNATIONAL, INC.) 03 July 2014 1-20
See paragraphs [0004]-[0007], claim 1 and figure 10.

Y WO 2014-012038 A2 (HALLIBURTON ENERGY SERVICES, INC.) 16 January 2014 16
See page 11, lines 3-6 and figure 2.

A US 7243745 B2 (SKEEM et al.) 17 July 2007 1-20
See abstract, column 3, line 13 — column 4, line 20 and figures 8A-8B.

A US 2013-0068534 A1 (DIGIOVANNI et al.) 21 March 2013 1-20
See abstract and paragraphs [0006]-[0010].

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination

means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

17 March 2016 (17.03.2016) 18 March 2016 (18.03.2016)
Name and mailing address of the [SA/KR Authorized officer
International Application Division
« Korean Intellectual Property Office
N
189 Cheongsa-10, Seo-gu, Daejeon Metropolitan City, 35208, HWANG, Chan Yoon

R Republic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-3347

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/036424
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011-0031031 A1l 10/02/2011 EP 2452037 A2 16/05/2012
RU 2012103934 A 20/08/2013
US 2015-0184464 Al 02/07/2015
US 8978788 B2 17/03/2015
WO 2011-005996 A2 13/01/2011
WO 2011-005996 A3 21/04/2011
US 2014-0182947 Al 03/07/2014 US 2014-0183798 Al 03/07/2014
US 2014-0183800 Al 03/07/2014
WO 2015-099900 Al 02/07/2015
WO 2014-012038 A2 16/01/2014 CA 2878907 Al 16/01/2014
EP 2872722 A2 20/05/2015
US 2015-0198029 Al 16/07/2015
WO 2014-012038 A3 06/03/2014
US 7243745 B2 17/07/2007 US 2006-0021802 Al 02/02/2006
US 2013-0068534 Al 21/03/2013 CA 2848651 Al 21/03/2013
CN 103890306 A 25/06/2014
EP 2756150 A2 23/07/2014
MX 2014002902 A 19/01/2015
US 2013-0306377 Al 21/11/2013
US 2014-0048340 Al 20/02/2014
WO 2013-040125 A2 21/03/2013
WO 2013-040125 A3 10/05/2013

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

