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TITLE OF THE INVENTION

HYBRID DRILL BIT WITH SECONDARY BACKUP CUTTERS
POSITIONED WITH HIGH SIDE RAKE ANGLES

PRIORITY CLAIM
This application claims priority from U.S. Patent Serial No. 12/340,299, filed
December 19, 2008.

TECHNICAL FIELD
The present invention relates in general to earth-boring bits and, in particular, to an
improved bit having a combination of rolling cutters and fixed cutters and cutting elements

and a method of design and operation of such bits.

BACKGROUND

The success of rotary drilling enabled the discovery of deep oil and gas reservoirs
and production of enormous quantities of oil. The rotary rock bit was an important
invention that made the success of rotary drilling possible. Only soft earthen formations
could be penetrated commercially with the earlier drag bit and cable tool, but the two-cone
rock bit, invented by Howard R. Hughes, U.S. Patent No. 930,759, drilled the caprock at
the Spindletop field near Beaumont, Texas, with relative ease. That venerable invention,
within the first decade of the last century, could drill a scant fraction of the depth and
speed of the modern rotary rock bit. The original Hughes bit drilled for hours; the modern
bit now drills for days. Modern bits sometimes drill for thousands of feet instead of
merely a few feet. Many advances have contributed to the impressive improvements in
rotary rock bits.

In drilling boreholes in earthen formations using rolling cone or rolling cutter bits,
rock bits having one, two, or three rolling cutters rotatably mounted thereon are employed.
The bit is secured to the lower end of a drill string that is rotated from the surface or by
downhole motors or turbines. The cutters mounted on the bit roll and slide upon the
bottom of the borehole as the drill string is rotated, thereby engaging and disintegrating the
formation material to be removed. The rolling cutters are provided with cutting elements
or teeth that are forced to penetrate and gouge the bottom of the borehole by weight from

the drill string. The cuttings from the bottom and sides of the borehole are washed away
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and disposed by drilling fluid that is pumped down from the surface through the hollow,
rotating drill string, and the nozzles as orifices on the drill bit. Eventually the cuttings are
carried in suspension in the drilling fluid to the surface up the annulus between the drill
string and the borehole wall.

Rolling cutter bits dominated petroleum drilling for the greater part of the 20"
century. With improvements in synthetic or manmade diamond technology that occurred
in the 1970s and 1980s, the fixed-cutter, or “drag” bit became popular again in the latter
part of the 20" century. Modern fixed-cutter bits are often referred to as “diamond” or
“PDC” (polycrystalline diamond compact) bits and are far removed from the original
fixed-cutter bits of the 19" and early 20™ centuries. Diamond or PDC bits carry cutting
elements comprising polycrystalline diamond compact layers or “tables” formed on and
bonded to a supporting substrate, conventionally of cemented tungsten carbide, the cutting
elements being arranged in selected locations on blades or other structures on the bit body
with the diamond tables facing generally in the direction of bit rotation. Diamond bits
have an advantage over rolling cutter bits in that they generally have no moving parts.
The drilling mechanics and dynamics of diamond bits are different from those of rolling
cutter bits precisely because they have no moving parts. During drilling operation,
diamond bits are used in a manner similar to that for rolling cutter bits, the diamond bits
also being rotated against a formation being drilled under applied weight on bit to remove
formation material. Engagement between the diamond cutting elements and the borehole
bottom and sides shears or scrapes material from the formation, instead of using a crushing
action as is employed by rolling cutter bits. Rolling cutter and diamond bits each have
particular applications for which they are more suitable than the other; neither type of bit is
likely to completely supplant the other in the foreseeable future.

In the prior art, some earth-boring bits use a combination of one or more rolling
cutters and one or more fixed blades. Some of these combination-type drill bits are
referred to as hybrid bits. Previous designs of hybrid bits, such as is described in U.S.
Patent 4,343,371, to Baker, I1I, have provided for the rolling cutters to do most of the
formation cutting, especially in the center of the hole or bit. Other types of combination
bits are known as “core bits,” such as U.S. Patent 4,006,788, to Garner. Core bits
typically have truncated rolling cutters that do not extend to the center of the bit and are
designed to remove a core sample of formation by drilling down, but around, a solid

cylinder of the formation to be removed from the borehole generally intact.
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Another type of hybrid bit is described in U.S. Patent 5,695,019, to Shamburger,
Jr., wherein the rolling cutters extend almost entirely to the center. Fixed cutter inserts 50
(FIGS. 2 and 3) are located in the dome area 2 or “crotch” of the bit to complete the
removal of the drilled formation. Still another type of hybrid bit is sometimes referred to
as a “hole opener,” an example of which is described in U.S. Patent 6,527,066. A hole
opener has a fixed threaded protuberance that extends axially beyond the rolling cutters for
the attachment of a pilot bit that can be a rolling cutter or fixed cutter bit. In these latter
two cases the center is cut with fixed cutter elements but the fixed cutter elements do not
form a continuous, uninterrupted cutting profile from the center to the perimeter of the bit.

Although each of these bits is workable for certain limited applications, an

improved hybrid earth-boring bit with enhanced drilling performance would be desirable.

DISCLOSURE OF INVENTION
A hybrid drill bit having secondary backup cutters positioned having high side

rake angles.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view of a hybrid bit of the present invention;

FIG. 2 is a face or plan view of and embodiment of the hybrid bit of FIG. 1;

FIG. 2A is a view of a primary cutter and a backup cutter of the hybrid bit of the
present invention;

FIG. 2B is a view of a primary cutter and a backup cutter of the hybrid bit of the
present invention;

FIG. 2C is a view of a backup cutter on a blade of the hybrid bit of the present
invention;

FIG. 2D is a view illustrating side rake of a backup cutter on a blade of the hybrid
bit of the present invention;

FIG. 3 illustrates a representation of the cutter layout of the hybrid bit of the
present invention;

FIGS. 3A through 3C are cutter layouts for a blade and a rolling cutter of the
hybrid bit of the present invention; and

FIGS. 4 through 4G are top views of inline cutter sets of the hybrid bit of the

present invention,
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MODES FOR CARRYING OUT THE INVENTION

[lustrated in FIGS. 1 and 2, is an embodiment of a hybrid earth-boring bit 11
according to the present invention. Hybrid bit 11 comprises a bit body 13 that is threaded
or otherwise configured at its upper extent for connection into a drill string. Bit body 13
may be constructed of steel, or of a hard-metal (e.g., tungsten carbide) matrix material
with steel inserts. Bit body 13 has an axial center or centerline 15 that coincides with the
axis of rotation of hybrid bit 11 in most instances. The hybrid bit 110f FIGS. 1 and 2 can
use a “cutter-leading” configuration, that is a rolling cutter leading a fixed blade cutter on
the hybrid bit, “blade-leading” configuration, that is a fixed blade cutter leading a rolling
cutter on the hybrid bit, or “a cutter-opposite” configuration, that is a rolling cutter being
located opposite a fixed blade cutter hybrid bit. All such types of hybrid bits having fixed
blade cutters and rolling cutters as described herein wherein the hybrid bit has high side
rake angled backup cutters on the fixed blade cutters.

In FIG. 1, three bit legs 17, 19 (not shown), 21 depend axially downwardly from
the bit body 13. A lubricant compensator is associated with each bit leg to compensate for
pressure variations in the lubricant provided for the bearing in the bit leg. In between each
bitleg 17, 19, 21, three fixed blade cutters 23, 25, 27 depend axially downwardly from bit
body 13.

A rolling cutter 29, 31, 33 is mounted for rotation (typically on a journal bearing,
but rolling element or other bearings may be used as well) on each bit leg 17, 19, 21. Each
rolling cutter 29, 31, 33 has a plurality of rolling cutter cutting elements 35, 37, 39
arranged in generally circumferential rows thereon. In the illustrated embodiment, rolling
cutter cutting elements 35, 37, 39 are tungsten carbide inserts interference fit into bores or
apertures formed in each rolling cutter 29, 31, 33. Alternatively, rolling cutter cutting
elements 35, 37, 39 can be integrally formed with the cutter and hardfaced, as in steel- or
milled-tooth cutters. Materials other than tungsten carbide, such as polycrystalline
diamond or other super-hard or superabrasive materials, can also be used for rolling cutter
cutting elements 35, 37, 39.

A plurality of fixed-blade cutting elements 41, 43, 45 are arranged in a row on the
leading edge of each fixed blade cutters 23, 25, 27, respectively. Each fixed-blade cutting
element 41, 43, 45 is a circular disc of polycrystalline diamond mounted to a stud of

tungsten carbide or other hard metal, which is in turn soldered, brazed or otherwise
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secured to the leading edge of each fixed blade cutter. Thermally stable polycrystalline
diamond (TSP) or other conventional fixed-blade cutting element materials may also be
used. Each row of primary fixed cutter cutting elements 41, 43, 45 on each of the fixed
blade cutters 23, 25, 27 extends from the central portion of bit body 13 to the radially
outermost or gage portion or surface of bit body 13. On at least one of the rows on one of
the fixed blade cutters 23, 25, 27, a fixed-blade cutting element is located at or near the
centerline 15 of bit body 13 (“at or near” meaning some part of the fixed blade cutting
element is at or within about 0.040 inch of the centerline 15). In the illustrated
embodiment, the radially innermost fixed-blade cutting element 41 in the row on fixed
blade cutter 23 has its circumference tangent to the axial center or centerline 15 of the bit
body 13 and bit 11.

A plurality of flat-topped, wear-resistant inserts 51 formed of tungsten carbide or
similar hard metal are provided on the radially outermost or gage surface or gage pad of
each fixed blade cutter 23, 25, 27. These serve to protect this portion of the bit from
abrasive wear encountered at the sidewall of the borehole. Also, a row each of backup
cutters 53, 53’ are provided on each fixed blade cutter 23, 25, 27 between the leading and
trailing edges thereof. Backup cutters 53, 53’ may be aligned with the primary fixed-blade
cutting elements 41, 43, 45 on their respective fixed blade cutters 23, 25, 27 so that they
cut in the same swath or kerf or groove as the main fixed-blade cutting elements.
Alternatively, they may be radially spaced apart from the primary fixed-blade cutting
elements so that they cut between the kerfs or grooves formed by the primary cutting
elements on their respective fixed blade cutters. Additionally, backup cutters 53, 53’
provide additional points of contact or engagement between the hybrid bit 11 and the
formation being drilled, thus enhancing the stability of hybrid bit 11.

FIG. 2 illustrates an embodiment of the earth-boring hybrid bit 11 having a “a
cutter-opposite” configuration, that is a rolling cutter being located opposite a fixed blade
cutter of the hybrid bit 11 for the fixed blade cutters 23, 25, 27 and rolling cutters 29, 31,
33 according to the present invention. Cutting elements 35, 37, 39 on each of the rolling
cutters 29, 31, 33, respectively, are arranged to cut in the same swath or kerf or groove as
the primary cutting elements 43, 45, 41 on the opposite or opposing fixed blade cutters 25,
27, 23, respectively, of the hybrid bit 11. Thus, the cutting elements 35 on rolling
cutter 29 fall in the same swath or kerf or groove or rotational path as the cutting

elements 43 on the opposing fixed blade cutter 25. The same is true for the cutting
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elements 37 on rolling cutter 31 and the cutting elements 45 on the opposing fixed blade
cutter 27; and the cutting elements 39 on rolling cutter 33 and the cutting elements 41 on
opposing fixed blade cutter 23. This is typically called a “cutter-opposite” configuration
of cutting elements for the hybrid bit 11. In such an arrangement, rather than the cutting
elements on a fixed blade cutter or rolling cutter “leading” the cutting elements on a
trailing rolling cutter or fixed blade cutter, the cutting elements on a fixed blade cutter or
rolling cutter “oppose” those on the opposing or opposite rolling cutter or fixed blade
cutter.

In the embodiment in FIG. 2, rolling cutters 29, 31, 33 are angularly spaced
approximately 120 degrees apart from each other (measured between their axes of
rotation). The axis of rotation of each rolling cutter 29, 31, 33 intersecting the axial
center 15 of bit body 13 or hybrid bit 11, although each or all of the rolling cutters 29, 31,
33 may be angularly skewed by any desired amount and (or) laterally offset so that their
individual axes do not intersect the axial center of bit body 13 or hybrid bit 11.

Fluid courses 20 lie between blades 29, 31, 33 and are provided with drilling fluid
by ports 120 being at the end of passages leading from a plenum extending into a bit body
from a tubular shank (See FIG. 1) at the upper end of the hybrid bit 11. The ports 120
may include any desired nozzles secured thereto for enhancing and controlling flow of the
drilling fluid. Fluid courses 120 extend to junk slots extending upwardly along the
longitudinal side of hybrid bit 11 between fixed blade cutters 23, 25, 27. Gage pads (See
FIG. 1) comprise longitudinally upward extensions of fixed blade cutters 23, 25, 27 and
may have wear-resistant inserts or coatings on radial outer surfaces thereof as known in
the art. Formation cuttings are swept away from the cutters 41, 43, 45 by drilling fluid
(not shown) emanating from ports 120 and which moves generally radially outwardly
through fluid courses 120 and then upwardly through junk slots to an annulus between
drill string and borehole wall. The drilling fluid provides cooling to the primary
cutters 41, 43, 45 on the fixed blade cutters 23, 25, 27 during drilling and clears formation
cuttings from the face of the hybrid bit 11.

Each of the cutters 41, 43, 45 in this embodiment is a PDC cutter. Howeuver, it is
recognized that any other suitable type of cutting element may be utilized with the
embodiments of the invention presented. For clarity, the cutters are shown as unitary
structures in order to better describe and present the invention. However, it is recognized

that the cutters 41, 43, 35 may comprise layers of materials. In this regard, the PDC
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cutters 41, 43, 45 of the current embodiment each comprise a diamond table bonded to a
supporting substrate, as previously described. The PDC cutters 41, 43, 45 remove material
from the underlying subterranean formations by a shearing action as the hybrid drill bit 11
is rotated by contacting the formation with cutting edges of the cutters 41, 43, 45. As the
formation is cut, the flow of drilling fluid dispenses the formation cuttings and suspends
and carries the particulate mix away through the junk slots.

The fixed blade cutters 23, 25, 27 are each considered to be primary blades. The
fixed blade cutter 23, as with fixed blade cutters 25, 27, in general terms of a primary
blade, includes a cone portion and a nose and shoulder portion that extends (longitudinally
and radially projects) from the face to the gage of hybrid bit 11. As illustrated, some of
the backup cutters 53, 53’, more specifically backup cutters 53', of the hybrid bit 11 are set
at high side rake angles in the range of approximately 10° to 60° or, in the alternative,
approximately 5° to 75°, as discussed herein and illustrated in FIGS. 2A through 2D, and
FIGS. 4 through 4G to keep debris and cuttings from accumulating in front of the cutting
elements 53, 53', which renders them ineffective. The side rake angle of the backup
cutters 53, 53’ depends upon the desired amount of debris deflection and desired path of
the debris towards the open spaces between the aft of the fixed blade and the front of the
rolling cutters, the size of the hybrid drill bit 11, the fluid hydraulic design of the hybrid
bit, number of cutting elements, such as 41, 53, 53’ on fixed blade cutter 23 on the hybrid
bit 11, and the total number of fixed blade and rolling cutters.

One or more additional backup cutter rows of backup cutters 53, 53’ may be
included on a fixed blade cutter 23, 25, 27 of a hybrid bit 11 rotationally following and in
further addition to primary cutters 41, 43, 45, of each fixed blade cutter 23, 25, 27 and
backup cutters 53, 53'. Each of the one or more additional backup cutter rows, the backup
cutter row and the primary cutter row include one or more cutting elements on the same
blade. Each of the cutting elements of the one or more additional backup cutter rows may
align or substantially align in a concentrically rotational swath or kerf or rotational path
with the cutting elements of the row that rotationally leads it. Optionally, each cutting
element may radially follow slightly off-center from the rotational swath or kerf or
rotational path of the cutting elements located in the backup cutter row and the primary
cutting elements 41, 43, 45 of each fixed blade cutter 23, 25, 27.

Each additional backup cutter may have a specific exposure with respect to a

preceding backup cutter on a fixed blade cutter 23, 25, 27 of a hybrid bit 11. For example,
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each backup cutter may have the same exposure or incrementally step-down in values of
exposure from a preceding backup cutter, in this respect each backup cutter is
progressively underexposed with respect to a prior backup cutter. Optionally, each
subsequent backup cutter may have an underexposure to a greater or lesser extent from the
backup cutter preceding it. By adjusting the amount of underexposure for the backup
cutters, the backup cutters may be engineered to come into contact with the material of the
formation as the wear flat area progressively increases from the primary cutters to the
following backup cutters. In this respect, the backup cutters may be designed to prolong
the life of the hybrid bit 11. Generally, a primary cutting element, such as 41, 43,45 is
located typically on the front of a fixed blade cutter 23, 27, 25 to provide the majority of
the cutting work load, particularly when the cutters are less worn. As the primary cutting
elements 41, 43, 45 of the hybrid bit 11 are subjected to harmful dynamics or as the
cutting elements wear, the backup cutters begin to engage the formation and begin to take
on or share the work from the primary cutters in order to better remove the material of the
formation.

Illustrated in FIG. 2A is a partial view of a rotary drag bit 11 showing the concept
of cutter side rake (side rake) regarding cutters 41, cutter placement (side-side) regarding
backup cutters 53, and cutter size (size). “Side rake” is described above. “Side-side” is
the amount of distance between cutters in adjacent cutter rows. “Size” is the cutter size,
typically indicated by the cutters diameter.

FIG. 2B illustrates a partial side view of the rotary drag bit 11 of FIG. 2 showing
the concepts of back rake regarding backup cutters 53, exposure and chamfer regarding
cutters 41and spacing regarding cutters 41 and backup cutters 53.

FIG. 2C is a cross sectional view through the center of a backup cutter 53, 53’
positioned on a blade 23, 25, 27 of the hybrid bit 11 (FIG. 1). The cutting direction is
represented by the directional arrow 72. The cutter 53, 53’ may be mounted on the fixed
blade cutters 23, 25, 27 in an orientation such that the cutting face of the cutter 53, 53’ is
oriented at a back rake angle 74 with respect to a line 80. The line 80 may be defined as a
line that extends radially outward from the face of the drill bit 11 in a direction
substantially perpendicular thereto at that location. Additionally or alternatively, the
line 80 may be defined as a line that extends radially outward from the face of the drill
bit 11 in a direction substantially perpendicular to the cutting direction 72. The back rake
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angle 74 may be measured relative to the line 80, positive angles being measured in the
counter-clockwise direction, negative angles being measured in the clockwise direction.

The cutter 53, 53’ is shown in FIG. 2C having a positive back rake angle of
approximately 20°, thus exhibiting a “back rake.” In other implementations, the cutter 53,
53" may have a negative back rake angle. In such a configuration, the cutter 53, 53' may
be said to have a “forward rake.” By way of example and not limitation, each cutter 53,
53’ on the face of the drill bit 11 shown in FIG. 1 may, conventionally, have a back rake
angle in a range extending from about 5° to about 30°.

FIG. 2D is an enlarged partial side view of a cutter 53, 53’ mounted on a fixed
blade cutter 23, 25, 27 at the face of the drill bit 11 shown in FIG. 1. The cutting direction
is represented by the directional arrow 72. The cutter 53, 53’ may be mounted on the
blade 23, 25, 27 in an orientation such that the cutting face of the cutter 53, 53’ is oriented
substantially perpendicular to the cutting direction 72. In such a configuration, the cutter
53, 53' does not exhibit a side rake angle. The side rake angle of the cutter 53, 53’ may be
defined as the angle between a line 82, which is oriented substantially perpendicular to the
cutting direction 72, and the cutting face of the cutter 53, 53, positive angles being
measured in the counter-clockwise direction, negative angles being measured in the
clockwise direction. In additional embodiments, the cutter 53, 53’ may be mounted in the
orientation represented by the dashed line 78A. In this configuration, the cutter 53, 53"
may have a negative side rake angle 76A. Furthermore, the cutter 53, 53’ may be mounted
in the orientation represented by the dashed line 78B. In this configuration, the cutter 53,
53" may have a positive side rake angle 76B. By way of example and not limitation, each
cutter 53, 53’ on the face of the drill bit 11 shown in FIG. 1 may have a side rake angle in a
range extending from approximately 10° to 60° or, in the alternative, approximately 5° to
75°, although if desired they may have a negative side rake angle of approximately the
same range or greater.

In FIG. 3, a cutting profile for the fixed cutting elements 41, 43, 45 on fixed blade
cutters 23, 25, 27 and cutting elements 35, 37, 39 on rolling cutters 29, 33, 31 are
generally illustrated. As illustrated, an inner most cutting element 41 on fixed blade
cutter 23 is tangent to the axial center 15 of the bit body 13 or hybrid bit 11. The next
innermost cutting element 45 on fixed blade cutter 27 is illustrated. Also, the third
innermost cutting element 43 on fixed blade cutter 25 is also illustrated. A cutting

element 39 on rolling cutter 33 is illustrated having the same cutting depth or exposure and
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cutting element 41 on fixed blade cutter 23 each being located at the same centerline and
cutting the same swath or kerf or groove or rotational path. As illustrated, some cutting
elements 41 on fixed blade cutter 23 are located in the cone of the hybrid bit 11, while
other cutting elements 41 are located in the nose, shoulder, and gage portion of the hybrid
bit 11. Cutting elements 39 of rolling cutter 33 cut the same swath or kerf or groove or
rotational path as cutting elements 41 in the nose and shoulder of the hybrid bit 11.
Cutting elements 35, 37, 39 on rolling cutters 29, 31, 33 do not extend into the cone of the
hybrid bit 11 but are generally located in the nose and shoulder of the hybrid bit 11 out to
the gage of the hybrid bit 11. Further illustrated in FIG. 3 are the cutting elements 35, 37
on rolling cutters 29 and 31 and their relation to the cutting elements 43 and 45 on fixed
blade cutters 25, 27 cutting the same swath or kerf or groove or rotational path either being
centered thereon or offset in the same swath or kerf or groove or rotational path during a
revolution of the hybrid drill bit 11. Each cutting element 41, 43, 45 and cutting

element 35, 37, 39 has been illustrated having the either the same exposure of depth of cut
or different exposure of depth of cut so that each cutting element cuts either the same
amount of formation or a different amount of formation at different areas of cutting
elements on the hybrid bit 11. The depth of cut for each cutting element may be varied in
the same swath or kerf or groove or rotational path as desired.

Illustrated in FIG. 3A is a cutting profile for the fixed cutting elements 41 on fixed
blade cutter 23 and cutting elements 39 on rolling cutter 33 in relation to the each other.
The fixed blade cutter 23 and the rolling cutter 33 are a pair of cutters on hybrid bit 11 as
an opposed blade and rolling cutter pair. As illustrated, some of the cutting elements 41
on fixed blade cutter 23 and cutting element 39 on rolling cutter 33 both have the same
center and cut in the same swath or kerf or groove while other cutting elements 41’ on
fixed blade cutter 23 and cutting element 39’ on rolling cutter 33 do not have the same
center but still cut in the same swath or kerf or groove or rotational path. As illustrated, all
the cutting elements 41 and 41’ on fixed blade cutter 23 and cutting elements 39 and 39’ on
rolling cutter 33 have the same exposure or different exposure to cut either the same depth
or different depth of formation during a revolution of the hybrid drill bit 11, although this
may be varied as desired. Further illustrated in FIG. 3A are backup cutting elements 53,
53’ on fixed blade 23 located behind cutting elements 41. Backup cutting elements 53, 53’
may have the same exposure, or less exposure, or, if desired, more exposure than primary

cutting elements 41 and have the same diameter or a smaller diameter than cutting element
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41. Additionally, backup cutting elements 53, 53' while cutting in the same swath or kerf
or groove or rotational path 41’ as a cutting element 41 may be located off the center of a
cutting element 41 located in front of a backup cutting element 53, 53’ associated
therewith. In this manner, cutting elements 41 and backup cutting elements 53, 53’ on
fixed blade 23 and cutting elements 39 on rolling cutter 33 will all cut in the same swath or
kerf or groove or rotational path while being either centered on each other of slightly
off-centered from each other having the same exposure of cut or, in the alternative, a lesser
exposure of cut.

Illustrated in FIG. 3B is a cutting profile for the fixed cutting elements 43 on fixed
blade cutter 25 and cutting elements 35 on rolling cutter 29 in relation to the each other.
The fixed blade cutter 25 and the rolling cutter 29 are a pair of cutters on hybrid bit 11 as
an opposed blade and rolling cutter pair. As illustrated, some of the cutting elements 43
on fixed blade cutter 25 and cutting element 35 on rolling cutter 29 both have the same
center and cut in the same swath or kerf or groove or rotational path while other cutting
elements 43’ on fixed blade cutter 25 and cutting element 35’ on rolling cutter 29 do not
have the same center but still cut in the same swath or kerf or groove or rotational path.

As illustrated, all the cutting elements 43 and 43’ on fixed blade cutter 25 and cutting
elements 35 and 35’ on rolling cutter 29 have the same exposure or less exposure or a
different exposure to cut either the same depth or different depth of formation during a
revolution of the hybrid drill bit 11, although this may be varied as desired. Further
illustrated in FIG. 3B are backup cutting elements 53, 53’ on fixed blade 25 located behind
cutting elements 43 may have the same exposure, or less exposure, or, if desired, more
exposure as that of cut as cutting elements 43 and have the same diameter or a smaller
diameter than a cutting element 43. Additionally, backup cutting elements 53, 53' while
cutting in the same swath or kerf or groove or rotational path as a cutting element 43’ may
be located off the center of a cutting element 43 located in front of a backup cutting
element 53, 53’ associated therewith. In this manner, cutting elements 43 and backup
cutting elements 53, 53’ on fixed blade 25 and cutting elements 35 on rolling cutter 29 will
all cut in the same swath or kerf or groove or rotational path while being either centered on
each other of slightly off-centered from each other having the same exposure of cut or, in
the alternative, a lesser exposure.

Illustrated in FIG. 3C is a cutting profile for the fixed cutting elements 45 on fixed

blade cutter 27 and cutting elements 37 on rolling cutter 31 in relation to the each other,
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the fixed blade cutter 27 and the rolling cutter 31 are a pair of cutters on hybrid bit 11 as
an opposed blade and rolling cutter pair. As illustrated, some of the cutting elements 45
on fixed blade cutter 27 and cutting element 37 on rolling cutter 31 both have the same
center and cut in the same swath or kerf or groove or rotational path while other cutting
elements 45’ on fixed blade cutter 27 and cutting element 37’ on rolling cutter 31 do not
have the same center but still cut in the same swath or kerf or groove. As illustrated, all
the cutting elements 45 and 45’ on fixed blade cutter 27 and cutting elements 37 and 37’ on
rolling cutter 31 have the same exposure or different exposure to cut either the same depth
or different depth of formation during a revolution of the hybrid drill bit 11, although this
may be varied as desired. Further illustrated in FIG. 3C are backup cutting elements 53,
53" on fixed blade 27 located behind cutting elements 45 may have the same exposure, or
less exposure, or, if desired, more expose as that of cut as cutting elements 45 and have the
same diameter or a smaller diameter than a cutting element 45. Additionally, backup
cutting elements 53, 53' while cutting in the same swath or kerf or groove or rotational
path as a cutting element 45 may be located off the center of a cutting element 45 located
in front of a backup cutting element 53, 53' associated therewith. In this manner, cutting
elements 45 and backup cutting elements 53, 53’ on fixed blade 27 and cutting elements
37 on rolling cutter 31 will all cut in the same swath or kerf or groove or rotational path
while being either centered on each other of slightly off-centered from each other having
the same exposure of cut or, in the alternative, a lesser exposure of cut.

In a first example of cutters 41, 53, 53' of the hybrid bit 11, FIG. 4 shows a top
view representation of an inline cutter set 60 having two side raked cutters 53, 53'. The
primary cutter 41 and the backup cutters 53, 53’ being spaced from each other any desired
distance d. FIG. 4 illustrates a linear representation of a rotational or helical swath or kerf
or rotational path in which the inline cutter set 60 may be oriented upon a rotary drag bit.
The inline cutter set 60 includes a primary cutter 41 and two side raked cutters 53, 53'.
The side raked cutter 53 rotationally follows the primary cutter 41, and includes a side
rake angle 55 which may be any desired side rake angle to the left of the rotational path,
such as approximately 5° to approximately 75°. The side raked cutter 53’ also includes a
side rake angle to the right of the rotational path which is in the opposite direction to that
of side rake cutter 53, as illustrated. While two side raked cutters 53, 53’ are provided in
the inline cutter set 60, additional side raked cutters may be provided. While wear flats 56,

57 may develop upon the primary cutter 41 as it wears, by introducing the side rake
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angle 55 the side raked cutter 53, 53’ cut parallel swaths or grooves or rotational paths with
the apexes 58, 59, of side rake cutters 53 and 53, respectively, improving the ROP of the
bit as well as directing the path of the cuttings generated by the bit. Also, as the wear flats
56, 57 grow upon the primary cutter 41, the apexes 58, 59 of cutters 53, 53’ are able to
more effectively fracture and remove formation material on either side of primary cutter
41. While the cutter set 60 is shown here having zero rake angle for primary cutter 41 and
side rake cutters 53, 53, the cutters 41, 53, 53’ may also include any desired rake angle.
While the side rake cutter 53, 53’ is included with an inline cutter set 60, the side rake
cutter 53, 53’ may be utilized in any backup cutter set, a multiple backup cutter set, a cutter
row, a multiple backup cutter row, a staggered cutter row, and a staggered cutter set in any
desired manner. The rotational path in FIG. 4 is a linear representation of a rotational path
or swath or kerf or helical path in which the inline cutter set 60 may be oriented upon
hybrid bit 11.

Illustrated in FIG. 4A, is a top view representation of an inline cutter set 60 having
a primary cutter 41, a backup cutter 53, and a backup cutter 53’ all having the same
centerline on the hybrid bit 11 illustrated as the rotational path for the cutter set 60, the
primary cutter 41 also has any desired back rake angle, the backup cutter 53 being smaller
in diameter than primary cutter 41 and having any desired back rake angle, and a back up
cutter 53’ being the same diameter as the primary cutter 41, having any desired back rake
angle, and having any desired side rake angle 55 to the left of the direction of the
rotational path, such as approximately 10° to 60° or, in the alternative, approximately 5° to
75°, with respect to the rotational path of the cutter set 60. The primary cutter 41 and the
backup cutters 53, 53’ are spaced from each other a distance d on blade 23 while being
located on the same rotational path. The rotational path in FIG. 4A is a linear
representation of a rotational path or swath or kerf or helical path in which the inline cutter
set 60 may be oriented upon rotary drag bit 11.

Illustrated in FIG.4B, a top view representation of an inline cutter set 60 for the
hybrid bit 11 including a primary cutter 41 and two back raked and side raked backup
cutters 53, 53', all having the same diameter, any desired back rake angle, and any desired
side rake angle. The primary cutter 41 and backup cutters 53, 53' spaced apart any desired
distance d on the blade 23. The back up cutters 53, 53'having any desired side rake
angle 55. The primary cutter 41 and side rake cutters, 53, 53'also having any desired back

rake. FIG. 4B is a linear representation of a rotational or helical path in which the inline



WO 2010/080477 PCT/US2009/068399

10

15

20

25

30

-14 -

cutter set 60 may be oriented upon a hybrid bit 11. The back raked and side raked back up
cutter 53 rotationally follows the back raked primary cutter 41 while back raked and side
racked back up cutter 53’ follows back up cutter 53. The back raked and side raked

cutter 53 includes a side rake angle 55, such as approximately 10° to 60° or, in the
alternative, approximately 5° to 75°, to the left of the swath or kerf or the rotational path.
While two back raked and side raked backup cutters 53, 53’ are provided in the inline
cutter set 60, additional back raked and side raked backup cutters may be provided.

Hlustrated in FIG.4C, a top view representation of an inline cutter set 60 for the
hybrid bit 11 including a primary cutter 41 and two back raked and side raked backup
cutters 53, 53', all having the same diameter, and desired back rake angle, and any desired
side rake angle. The primary cutter 41 and backup cutters 53, 53’ spaced apart any desired
distance d on the blade 23. The back up cutters 53, 53’ having any desired side rake
angle 55 therefore. The primary cutter 41 and side rake cutters, 53, 53’ also having any
desired back rake. FIG. 4C is a linear representation of a rotational or helical path in
which the inline cutter set 60 may be oriented upon a blade of a hybrid bit 11. The back
raked and side raked back up cutter 53 rotationally follows the back raked primary
cutter 41 while back raked and side racked back up cutter 53’ follows back up cutter 53.
The back raked and side raked cutter 53 includes a side rake angle 55, such as
approximately 10° to 60° or, in the alternative, approximately 5° to 75°, to the right of the
swath or kerf or the rotational path. While two back raked and side raked backup
cutters 53, 53' are provided in the inline cutter set 60, additional back raked and side raked
backup cutters may be provided.

Illustrated in FIG.4D, a top view representation of an inline cutter set 60 for the
hybrid bit 11 including a back raked primary cutter 41 and two back raked and side raked
backup cutters 53, 53, all having the same diameter, any desired back rake angle, and any
desired side rake angle. The primary cutter 41 and backup cutters 53, 53’ spaced apart any
desired distance d on the blade 23. FIG. 4D is a linear representation of a rotational or
helical path in which the inline cutter set 60 may be oriented upon a blade 23 of a hybrid
bit 11. The back raked and side raked back up cutter 53 rotationally follows the back
raked primary cutter 41 while back raked and side racked back up cutter 53' follows back
up cutter 53. The back raked and side raked cutters 53, 53’ includes a side rake angle 55,
such as approximately 10° to 60° or, in the alternative, approximately 5° to 75°, to the left

and right respectively of the swath or kerf or the rotational path. While two back raked
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and side raked backup cutters 53, 53’ are provided in the inline cutter set 60, additional
back raked and side raked backup cutters may be provided.

lustrated in FIG. 4E, is a top view representation of an inline cutter set 60 for the
hybrid bit 11 having a back raked cutter 41 and two back raked and side raked backup
cutters 53, 53', with side raked cutters 53, 53 having the same direction of the side rake
angle being to the left of the rotational path of primary cutter 41 and being offseta
distance D, each about a swath or kerf or rotational path to the left and right of the
rotational path of primary cutter 41 respectively while generally following in the swath or
kerf or rotational path of the primary cutter 41. Depending upon the distance D, the
backup cutter 53 and 53’ are spaced from the rotational path of the primary cutter 41 will
determine whether or not the backup cutter 53, 53’ is a blade-leading cutter or
blade-following cutter with respect to a corresponding cutting elements of a rolling cutter,
which may be a leading rolling cutter or following rolling cutter on the hybrid bit 11. The
primary cutter 41 and the backup cutters 53, 53’ are also spaced a distance d on blade 23.
Primary cutter 41 and backup cutters 53, 53’ having any desired back rake angle, while
backup cutters 53, 53" additionally have any desired side rake angle of approximately 10°
to 60° or, in the alternative, approximately 5° to 75°, on blade 23 of hybrid bit 11. The
inline cutter set 60 includes back raked primary cutter 41 and back raked and side raked
backup cutters 53, 53'. The back raked and side raked backup cutters 53, 53’ include any
desired side rake angles 55, such as approximately 10° to 60° or, in the alternative,
approximately 5° to 75°, which are in the same direction to the lefl.

lustrated in FIG. 4F, is a top view representation of an inline cutter set 60 for the
hybrid bit 11 having a back raked cuiter 41 and two back raked and side raked backup
cutters 53, 53', with side raked cutters 53, 53" having the same direction of the side rake
angle being to the right of the rotational path of primary cutter 41 and being offset a
distance D, each about a swath or kerf or rotational path to the left and right of the
rotational path of primary cutter 41 respectively while generally following in swath or kerf
or rotational path of the primary cutter 41. Depending upon the distance D, the backup
cutter 53 and 53’ are spaced from the rotational path of the primary cutter 41 will
determine whether or not the backup cutter 53, 53 is a blade-leading cutter or
blade-following cutter with respect to a corresponding cutting element on a rolling cutter,
which may be a leading rolling cutter or following rolling cutter on the hybrid bit 11. The
primary cutter 41 and the backup cutters 53, 53’ are also spaced a distance d on blade 23.
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Primary cutter 41 and side raked cutters 53, 53’ having any desired back rake angle, while
backup cutters 53, 53’ additionally have any desired side rake angle of approximately 10°
to 60° or, in the alternative, approximately 5° to 75°, on blade 23 of hybrid bit 11. The
inline cutter set 60 includes back raked primary cutter 41 and back raked and side raked
backup cutters 53, 53'. The back raked and side raked backup cutters 53, 53’ include any
desired side rake angles 55, such as approximately 10° to 60° or, in the alternative,
approximately 5° to 75°, which are in the same direction to the right of the rotational path.

Illustrated in FIG. 4G, is a top view representation of an inline cutter set 60 for the
hybrid bit 11 having a back raked cutter 41 and two back raked and side raked backup
cutters 53, 53’, with side raked cutters 53, 53’ having opposite side rake angles being to the
left (53) and right (53") of the rotational path of primary cutter 41 and being offset a
distance D, each about a swath or kerf or rotational path to the left and right of the
rotational path of primary cutter 41 respectively while generally following in swath or kerf
or rotational path of the primary cutter 41. Depending upon the distance D, the backup
cutter 53 and 53’ are spaced from the rotational path of the primary cutter 41 will
determine whether or not the backup cutter 53, 53’ is a blade-leading cutter or
blade-following cutter with respect to a cutting element of a corresponding rolling cutter,
which may be a leading rolling cutter or following rolling cutter on the hybrid bit 11. The
primary cutter 41 and the backup cutters 53, 53’ are also spaced a distance d on blade 23.
Primary cutter 41 and side raked cutters 53, 53’ having any desired back rake angle, while
backup cutters 53, 53" additionally having any desired side rake angle of approximately
10° to 60° or, in the alternative, approximately 5° to 75°, on blade 23 of hybrid bit 11. The
inline cutter set 60 includes back raked primary cutter 41 and back raked and side raked
backup cutters 53, 53'. The back raked and side raked backup cutters 53, 53’ include any
desired side rake angles 55, such as approximately 10° to 60° or, in the alternative,
approximately 5° to 75°, which are directed to the right and left.

While the configurations of primary cutter 41 and the backup cutters 53, 53’ are
described with respect to fixed blade cutter 23, such configurations may be used on
blades 25, 27 where desired.

While teachings of the present invention are described herein in relation to
embodiments of hybrid drill bits, other types of earth-boring drilling tools such as, for
example hole openers, rotary drill bits, raise bores, drag bits, cylindrical cutters, mining

cutters, and other such structures known in the art, may embody the present invention and



WO 2010/080477 PCT/US2009/068399
-17-

may be formed by methods that embody the present invention. Furthermore, while the
present invention has been described herein with respect to certain preferred embodiments,
those of ordinary skill in the art will recognize and appreciate that it is not so limited.
Rather, many additions, deletions and modifications to the described and illustrated

5 embodiments may be made without departing from the scope of the invention as
hereinafter claimed. In addition, features from one embodiment may be combined with
features of another embodiment while still being encompassed within the scope of the

invention as contemplated by the inventors.
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CLAIMS

What is claimed is:

1. A hybrid drill bit characterized in that:

a bit body with an axis;

at least one blade on the bit body;

at least one rolling cutter assembly mounted on the bit body;

at least one primary cutter including a cutting surface protruding at least partially from the
blade and located to traverse a cutting path upon rotation of the bit body about the
axis configured to engage a formation upon movement along the cutting path; and

a cutter set comprising a first cutter and a second cutter, each cutter including a cutting
surface protruding at least partially from the blade, each first cutter and second
cutter positioned to substantially follow the at least one primary cutter along the
cutting path upon rotation of the bit body about its axis, and at least one cutter of

the first cutter and second cutter of the cutter set having a high side rake angle.

2. The hybrid drill bit of claim 1, wherein the high side rake angle is
characterized by a range of side rake angles from one range of a range of about 5 degrees
side rake angle to about 70 degrees side rake angle and a range of about negative 5 degrees

side rake angle to about negative 70 degrees side rake angle.

3. The hybrid drill bit of claim 1, wherein at least one cutter of the cutter set
has a back rake angle and at least one cutter of the cutter set is offset from the rotational

path of the primary cutter.

4. The hybrid drill bit of claim 1, wherein the hybrid drill bit is characterized
by one configuration of a cutter-opposite hybrid drill bit wherein a cutter on a rolling
cutter is located approximately opposite a primary cutter on a fixed blade cutter of the
hybrid bit, a rolling cutter-leading hybrid drill bit configuration wherein a cutter of a
rolling cutter leads a cutter on a fixed blade cutter, and a blade-leading hybrid drill bit

configuration wherein a cutter on a fixed blade cutter leads a cutter on a rolling cutter of
the hybrid bit.
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5. The hybrid drill bit of claim I, wherein the first cutter and the second cutter
are characterized as backup cutters in rows, each backup cutter row characterized by at

least one cutter therein.

6. The hybrid drill bit of claim 5, wherein the backup cutter is smaller than

the at least one primary cutter.

7. The hybrid drill bit of claim 1, wherein the at least one cutter of both

trailing cutter rows are the same size.

8. The hybrid drill bit of claim 1, wherein both the first cutter and the second

cutter rotationally follow the at least one primary cutter within the cutting path.

9. The hybrid drill bit of claim 1, wherein one of the first cutter or the second

cutter rotationally follows the at least one primary cutter inline with the cutting path.

10.  The hybrid drill bit of claim 1, wherein the first cutter is underexposed

with respect to the at least one primary cutter.

11.  The hybrid drill bit of claim 1, wherein the first cutter and the second cutter

row are underexposed with respect to the at least one cutter of the primary cutter row.

12.  The hybrid drill bit of claim 1, wherein the first cutter is a backup cutter
and the second cutter is a multiple backup cutter row, a cutter of the multiple backup cutter

including another backup cutter to the at least one primary cutter.

13.  The hybrid drill bit of claim 1, wherein the blade includes one or more
additional cutters in a row, each row characterized by at least one additional cutter having
a cutting surface protruding at least partially from the blade and positioned so as to
substantially follow the at least one primary cutter along the cutting path and configured to

selectively engage the formation upon movement along the cutting path.
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14.  The hybrid drill bit of claim 1, further characterized in that:

a bearing pin; and

the rolling cutter assembly rotatably mounted on the bearing pin, the cutter assembly
comprising:

a rolling cutter of steel material.

15.  The hybrid drill bit of claim 1, wherein the first cutter having a high side
rake angle comprises a cutter having an angle in a range of side rake angles from about a
negative 5 degrees to about a negative 70 degrees cutter and the second cutter comprises a
cutter having an angle in an range of side rake angles from about a negative S degrees to

about a negative 70 degrees in a direction opposite to that of the first cutter.

16. The hybrid drill bit of claim 1, wherein the one of the first cutter and the

second cutter have one of a positive angle of back rake and a negative angle of back rake.

17.  The hybrid drill bit of claim 1, wherein the primary cutter has one of a

positive angle of back rake and a negative angle of back rake.

18. A hybrid drill bit characterized in that:

a bit body having an axis;

at least one blade on the bit body;

at least one rolling cutter assembly mounted on the bit body;

at least one primary cutter, the primary cutter including a cutting surface protruding at
least partially from the blade and located to traverse a cutting path upon rotation of
the bit body about the axis; and

a backup cutter set comprising a plurality of trailing cutters, each trailing cutter including a
cutting surface protruding at least partially from the blade, the plurality of trailing

cutters having one trailing cutter at a high side rake angle.

19. The hybrid drill bit of claim 18, wherein the high side rake angle is
characterized by a range of side rake angles from one range of a range of about 5 degrees
side rake angle to about 70 degrees side rake angle and a range of about negative 5 degrees

side rake angle to about negative 70 degrees side rake angle.
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