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HYBRID DRILL BIT WITH COUNTER-ROTATION CUTTERS IN
CENTER

BACKGROUND

1. Field of the Invention

The present disclosure relates generally to downhole tools such as drill bits useful in
operations related to oil and gas exploration, drilling and production. More particularly,
embodiments of the disclosure relate to drill bits including both fixed and rotational cutting

elements thereon.

2. Background

Often in operations for the exploration, drilling and production of hydrocarbons,
water, geothermal energy or other subterranean resources, a rotary drill bit is used to form a
wellbore through a geologic formation. Rotary drill bits may generally be classified as either
fixed-cutter drill bits with stationary cutting elements, or roller-cone drill bits with cutting
elements mounted on one or more roller cones that are mounted for rotation with respect to a

bit body of the drill bit.

Fixed-cutter drill bits are often referred to as “drag bits” and may be constructed with
a plurality of fixed cutting elements mounted to the bit body. The bit body for a fixed-cutter
drill bit may be constructed of a metallic material such as steel or a matrix material formed by
infiltrating a reinforcement material with a molten binder. The fixed cutting elements can be
affixed to an outer profile of the bit body such that hard surfaces on the cutting elements are
exposed to the geologic formation when forming a wellbore. The cutting elements generally
operate to remove material from the geologic formation, typically by shearing formation

materials as the drill bit rotates within the wellbore.

Roller-cone drill bits may be constructed of one or more roller cones rotatably
mounted to the bit body, wherein cutting elements are disposed on the roller cones. The
roller cones roll along the bottom of a wellbore as the roller-cone drill bit is rotated. The
cutting elements on the roller cones generally operate to remove material form the geologic
material from the geologic formation, typically by crushing, gouging and/or scraping material

from the geologic formation to drill the wellbore.
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Hybrid drill bits have been developed with features of both fixed-cutter and roller-
cone drill bits for various purposes. For example, in some instances, a hybrid drill bit may be
more durable, thereby permitting greater depths to be drilled before requiring maintenance or

replacement of the drill bit than either a fixed-cutter drill bit or roller-cone drill bit alone.
BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure is described in detail hereinafter on the basis of embodiments

represented in the accompanying figures, in which:

FIG. 1 is a partially cross-sectional side view of a drilling system including a hybrid
drill bit constructed in accordance with one or more exemplary embodiments of the
disclosure;

FIG. 2 is a perspective view of the hybrid drill bit of FIG. 1 illustrating a peripherally-
located fixed cutting structure defined by a bit body and a centrally-located counter-rotational

cutting structure circumscribed by the peripherally-located fixed cutting structure; and

FIG. 3 is a cross-sectional perspective view of the hybrid drill bit of FIG. 2 illustrating
the centrally-located counter-rotational cutting structure coupled to the bit body by a coupler

disposed within a central aperture defined in the bit body; and

FIGS. 4A is a partial cross-sectional view of another example of a hybrid drill bit
illustrating a centrally-located counter-rotational cutting structure having a pair of generally

cylindrical counter-rotational cutting members rotatable about distinct offset roller axes; and

FIGS. 4B is a partial cross-sectional view of another example of a hybrid drill bit
illustrating a centrally-located rotational cutting structure having a single rotational cutting

member mounted in a radially offset manner with respect to a rotational axis of the hybrid

drill bit.
DETAILED DESCRIPTION

The disclosure may repeat reference numerals and/or letters in the various examples
or Figures. This repetition is for the purpose of simplicity and clarity and does not in itself
dictate a relationship between the various embodiments and/or configurations discussed.
Further, spatially relative terms, such as beneath, below, lower, above, upper, up-hole,
downhole , upstream, downstream, and the like, may be used herein for ease of description to
describe one eclement or feature’s relationship to another eclement(s) or feature(s) as

illustrated, the upward direction being toward the top of the corresponding figure and the
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downward direction being toward the bottom of the corresponding figure, the up-hole
direction being toward the surface of the wellbore, the downhole direction being toward the
toe of the wellbore. Unless otherwise stated, the spatially relative terms are intended to
encompass different orientations of the apparatus in use or operation in addition to the
orientation depicted in the Figures. For example, if an apparatus in the Figures is turned
over, clements described as being “below” or “beneath” other elements or features would
then be oriented “above” the other elements or features. Thus, the exemplary term “below”
can encompass both an orientation of above and below. The apparatus may be otherwise
oriented (rotated 90 degrees or at other orientations) and the spatially relative descriptors

used herein may likewise be interpreted accordingly.

Moreover even though a Figure may depict an apparatus in a portion of a wellbore
having a specific orientation, unless indicated otherwise, it should be understood by those
skilled in the art that the apparatus according to the present disclosure may be equally well
suited for use in wellbore portions having other orientations including vertical, slanted,
horizontal, curved, etc. Likewise, unless otherwise noted, even though a Figure may depict
an onshore or terrestrial operation, it should be understood by those skilled in the art that the
apparatus according to the present disclosure is equally well suited for use in offshore
operations. Further, unless otherwise noted, even though a Figure may depict a wellbore that
is partially cased, it should be understood by those skilled in the art that the apparatus
according to the present disclosure may be equally well suited for use in fully open-hole

wellbores.

1. Description of Exemplary Embodiments

The present disclosure includes hybrid drill bits including fixed cutting elements
disposed around a periphery of the drill bits and a pair of counter-rotational cutting members
centrally located in the hybrid drill bits. Rotation of the drill bit the carries the peripherally-
located fixed cutting elements along a relatively long circumferential path which may
facilitate shearing of geologic material from a formation. The pair of counter-rotational
cutting members roll in a relatively short circumferential area to crush and scrape geologic
material near a rotational axis of the drill bits. The counter-rotational cutting members may
be mounted on axes that are generally perpendicular to the rotational axis and may be axially

positioned to define a cutting depth of the fixed cutting elements.
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Figure 1 is an elevation view of an example of a drilling system 10 that may
incorporate a hybrid drill bit 100 constructed in accordance with one or more exemplary
embodiments of the disclosure. The drilling system 10 is partially disposed within a wellbore
14 extending from a surface location “S” and traversing a geologic formation “G.” In the
illustrated example, the wellbore 14 is shown generally vertical, though it will be understood
that the wellbore 14 may include any of a wide variety of vertical, directional, deviated,
slanted and/or horizontal portions therein, and may extend along any trajectory through the

geologic formation “G.”

The hybrid drill bit 100 is provided at a lower end of a drill string 18 for cutting into
the geologic formation “G.” When rotated, the hybrid drill bit 100 operates to break up and
generally disintegrate the geological formation “G.” The hybrid drill bit 100 may be rotated
in any of a variety of ways. In this example, at the surface location “S” a drilling rig 22
includes a turntable 28 that may be operated to rotate the entire drill string 18 and the hybrid
drill bit 100 coupled to the lower end of the drill string 18. The turntable 28 is selectively
driven by an engine 30, chain-drive system, or other apparatus. In some embodiments, a
bottom hole assembly or BHA 32 provided in the drill string 18 may include a downhole
motor 34 to selectively rotate the hybrid drill bit 100 with respect to the rest of the drill string
18. The motor 34 may generate torque in response to the circulation of a drilling fluid, such
as mud 36, therethrough. As those skilled in the art will recognize, the ability to selectively
rotate the hybrid drill bit 100 relative to the drill string 18 may be useful in directional

drilling, and/or for other operations as well.

The mud 36 can be pumped downhole by mud pump 38 through an interior of the drill
string 18. The mud 36 passes through the downhole motor 34 of the BHA 32 where energy is
extracted from the mud 36 to turn the hybrid drill bit 100. As the mud 36 passes through the
BHA 32, the mud 36 may lubricate bearings (not explicitly shown) defined therein before
being expelled through nozzles 124 (FIG. 2) defined in the hybrid drill bit 100. The mud 36
flushes geologic cuttings and/or other debris from the path of the hybrid drill bit 100 as it
continues to circulate back up through an annulus 40 defined between the drill string 18 and
the geologic formation “G.” The geologic cuttings and other debris are carried by the mud 36
to the surface location “S” where the cuttings and debris can be removed from the mud

stream.

Figure 2 is a perspective view of the hybrid drill 100 illustrating a bit body 102

defining a peripherally-located fixed cutting structure 104 and a centrally-located counter-
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rotational cutting structure 106 generally circumscribed by the fixed cutting structure 104.
Hybrid drill bit 100 may also include any of various types of connectors 108 extending from
the bit body 102 for coupling the hybrid drill bit 100 to the drill string 18 (FIG. 1). In some
exemplary embodiments, the connector 108 may include a threaded pin with American

Petroleum Institute (API) threads defined thereon.

The bit body 102 defines a bit body rotational axis “X,” extending between a leading
end 102a and a trailing end 102b thereof. In some exemplary embodiments, the bit body 102
may be constructed of a metallic material such as steel or any of various metal alloys
generally associated with manufacturing rotary drill bits. Alternatively, the bit body 102 may
be constructed of matrix material formed by infiltrating a reinforcement material, e.g.,
tungsten carbide powder with a molten binder material, e.g., copper, tin, manganese nickel

and zinc as appreciated by those skilled in the art.

The peripherally-located fixed cutting structure 104 includes a plurality of cutting
blades 114 circumferentially spaced about the counter-rotational cutting structure 106 with
junk slots 116 defined between the cutting blades 114. In some exemplary embodiments, the
six (6) cutting blades 114 are asymmetrically arranged about the bit body rotational axis
“Xo.” The junk slots 116 facilitate the removal of geologic materials and debris from the path
of the hybrid drill bit 100, e.g., by providing a flow path for drilling mud 36 (FIG. 1) around
the bit body 102.

The cutting blades 114 support a plurality of fixed cutting elements 118 thereon
axially and radially spaced about the counter-rotational cutting structure 106. As used herein
the term “fixed” generally means that the fixed cutting eclements 118 are mounted for
maintaining a position and orientation with respect to the bit body 102 as the hybrid drill bit
100 is rotated about the bit body rotational axis “Xy.” In some embodiments, the fixed
cutting elements 118 may be securely mounted to the cutting blades 114 by brazing or other
manufacturing techniques recognized in the art. The fixed cutting elements 118 engage and
remove adjacent portions of the geologic formation “G” (FIG. 1), generally by shearing the
geologic materials from the bottom and sides of a wellbore 14 (FIG. 1) as the hybrid drill bit
100 rotates downhole. In some exemplary embodiments, the fixed cutting elements 118 may

include various types of polycrystalline diamond compact (PDC) cutter components.

Gauge elements 120 are provided on radially outward surface at a trailing end of each

cutting blade 114. The gauge elements 120 may be constructed of any of the hard materials
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described above for construction of the fixed cutting elements 118 and operate to maintain a

diameter of the wellbore 14 (FIG. 1).

A plurality of nozzle openings 122 are defined in the bit body 102 in one or more
exemplary embodiments. Respective nozzles 124 may be disposed in each nozzle opening
122 for expelling various types of drilling fluid or mud 36 (FIG. 1) pumped through the drill
string 18 (FIG. 1). The nozzle openings 122 are fluidly coupled to a fluid passageway 128
(FIG. 3) extending through the hybrid drill bit 100. In some embodiments, the centrally-
located counter rotational cutting structure 106 may also include nozzles (not explicitly
shown) that are fluidly coupled to the fluid passageway 128. The fluid passageway 128
extends through the bit body 102 and the connector 108 such that the fluid passageway 128
may be fluidly coupled to the drill string 18 (FIG. 1).

The centrally-located counter-rotational cutting structure 106 is radially disposed
adjacent the bit body rotational axis “X,” such that the counter-rotational cutting structure
106 is generally circumscribed by the fixed cutting structure 104. The counter-rotational
cutting structure 106 includes a pair of counter-rotational cutting members 132 rotatably
coupled to the bit body 102 by an axle 136. In some exemplary embodiments, the axle 136 is
mounted in a fixed position with respect to the bit body 102 and the counter-rotational cutting
members 132 are mounted for counter-rotation with respect to one another about the axle
136. Each counter-rotational cutting member 132 is radially displaced from the bit body
rotational axis “Xy,” and thus the counter-rotational cutting members 132 may be induced to
rotate on the axle 136 upon rotation of the hybrid drill bit 100. For example, rotation of the
hybrid drill bit 100 adjacent the geologic formation “G” (FIG. 1) in the direction of arrow Ay
about the bit body rotational axis “X,” induces rotation of a first counter-rotational cutting
member 132 in the direction A; and rotation of a second counter-rotational cutting member
132 in the opposite direction of arrow A, about the axle 136. The rotation about the axel 136
is due in part to frictional forces between the geologic formation “G” and the counter-
rotational cutting members 132 that induce rolling of the of the counter-rotational cutting

members 132 along a circumferential path around the bit body rotational axis “X,.”

The counter-rotational cutting members 132 support cutting elements 138 thereon.
The cutting elements 138 may generally operate to crush and scrape geologic material near
the bit body rotational axis “Xy” of the bit body 102. In the illustrated embodiment, the
cutting elements 138 protrude from a generally hemispherical surface 140 of the counter-

rotational cutting members 132. The counter-rotational cutting members 132 are arranged
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such that the respective hemispherical surfaces 140 define a generally spherical profile across
a leading end 142 of the counter-rotational cutting structure 106. In some embodiments, an
apex 144 of the generally spherical profile is disposed generally along the bit body rotational
axis “Xp,” and in other embodiments the apex 144 is radially offset from bit body rotational
axis “Xp.” In some embodiments, the apex 144 may be radially offset from the bit body
rotational axis “X,” such that one of the counter-rotational cutting members 132 intersects the
bit body rotational axis “X,” and the counter-rotational cutting members 132 extend to

2

opposite radial sides of the bit body rotational axis “X,.” The cutting elements 138 may be
arranged in circumferential rows around the hemispherical surfaces 140. To facilitate
counter-rotation of the counter-rotational cutting members 132 (e.g., rotation in opposite
directions about axle 136) a respective radially inner-most circumferential row 138a, 138b
(FIG. 3) of cutting elements 138 on each of the rotational cutting members 132 may be
disposed on opposite radial sides of the bit body rotational axis “X,” as illustrated in FIG. 3.
Other arrangements for cutting elements 138 on the counter-rotational cutting members 132

are also contemplated such as dimples or blades in any random or patterned arrangement on

the counter-rotational cutting members 132.

Figure 3 is a cross-sectional perspective view of the hybrid drill bit 100 illustrating the
centrally-located counter-rotational cutting structure 106 coupled to the bit body 102 by a
coupler 148. The coupler 148 may be disposed within a central aperture 150 defined in the
bit body 102, and in this embodiment, the coupler 148 includes an exterior threaded surface
152 defined on the counter-rotational cutting structure 106. The exterior threaded surface
152 engages a corresponding interior threaded surface 154 defined within the central aperture
150. As illustrated, the exterior threaded surface 152 is fully engaged with the internally
threaded surface 154 such that the counter-rotational cutting structure 106 abuts an annular
shoulder 160 within the aperture 150. In this configuration, the counter-rotational cutting
members 132 protrude from the aperture 150 such that the counter-rotational cutting
members 132 are generally axially aligned with the fixed cutting elements 118. In some
embodiments, the leading end 142 of the counter-rotational cutting members 132 is axially
disposed to lead at least one of the fixed cutting elements 118 and to trail at least one of the
fixed cutting elements 118. In particular, the leading end 142 is disposed on a leading axial
side of a radially-inner-most fixed cutting element 118A and on a trailing axial side of an

axially leading-most fixed cutting element 118B.
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The axial position of the counter-rotational cutting members 132 defines a cutting
depth that may be achieved by the fixed cutting elements 118. Generally, where the counter-
rotational cutting members 132 axially lead the fixed cutting elements 118 to a greater extent,
a greater portion of axial forces applied to the drill bit 100 may be transferred to the geologic
formation “G” (FIG. 1) through the counter-rotational cutting members 132 than through the
fixed cutting elements 118. Thus, the fixed cutting elements 118 may achieve a relatively
low cutting depth. Conversely, where the counter-rotational cutting members 132 axially
lead the fixed cutting elements 118 to a lesser extent, or where the counter-rotational cutting
members 132 axially trail the fixed cutting elements 118, a greater portion of axial forces
applied to the drill bit 100 may be transferred to the geologic formation “G” through the fixed
cutting elements 118 than through the counter-rotational cutting members 132, and thus, the

fixed cutting elements 118 may achieve a relatively high cutting depth.

In some other exemplary embodiments (not shown), the counter-rotational cutting
structure 106 may be underexposed. For example, the leading end 142 of the of the counter-
rotational cutting members 132 may be disposed within the central aperture 150, and in some
embodiments, the leading end 142 may be disposed to trail each of the fixed cutting elements.
In other embodiments, the counter rotational cutting structure 106 may be overexposed such
that the leading end is disposed on a leading axial side of each of the fixed cutting elements
118. In some other exemplary embodiments (not shown), the counter-rotational cutting
structure 106 may be secured within the central aperture 150 by other mechanisms including

welding, brazing, snap ring, threaded ring, pinning, etc.

The counter-rotational cutting structure 106 includes a pair of parallel axle supports
166 extending therefrom. In some embodiments, the axle supports 166 hold the axle 136 in a

2

fixed or rigid manner generally orthogonal to the bit body rotational axis “X,.” Respective
roller axes “X;” and “X,” are substantially aligned with one another such that the two
counter-rotational cutting members 132 are rotatable about a common axis extending
generally perpendicular to the bit body rotational axis “X,.” Thrust faces 168 are defined
between the axle supports 166 and the counter-rotational cutting members 132, and a thrust
face 170 is defined between the counter-rotational cutting members 132, In some
embodiments, the thrust faces 168, 170 are arranged in a generally parallel manner with

respect to the bit body rotational axis “Xo,” and thrust faces 168, 170 may include sealed or

unsealed bearing components.
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2. Example Methods of Operation

With continued reference to FIGS. 1 through 3, the hybrid drill bit 100 may be
employed for forming wellbore 14 through geologic formation “G.” In some exemplary
embodiments, the geologic formation “G” may initially be evaluated to assess an appropriate
axial position of the counter-rotational cutting structure 106 with respect to the fixed cutting
elements 118. For example, the type of geologic materials within the geologic formation “G”
may be assessed to determine an appropriate cutting depth for the fixed cutting elements 118,
and a hybrid drill bit 100 with an appropriate axial position of the counter-rotational cutting
structure 106 may be selected to achieve the appropriate cutting depth. A weight applied to
the fixed cutting elements 118 and a corresponding cutting depth of the stationary cutting
elements 118 may be defined by the axial position of the counter-rotational cutting structure

106.

Next, the hybrid drill bit 100 may be coupled to the drill string 18 with the connector
108, and the bit body 102 of the hybrid drill bit 100 may be rotated about the bit body
rotational axis “X,” adjacent the geologic formation “G.” By rotating the bit body 102,
geologic material may be sheared from the geologic formation “G” with the fixed cutting
elements 118. The rotation of the bit body 102 causes the counter-rotational cutting members
132to roll in opposite directions along the geologic formation “G.” The first counter-
rotational cutting member 132 rolls in the direction of arrow Aj, and the second counter-
rotational cutting member 132 rolls in the direction of arrow A,. The roller elements 132
both rotate about the axle 136 and axis A; that is generally orthogonal to the bit body
rotational axis “Xy.” Geologic material from the geologic formation “G” is thereby crushed

and scraped with the cutting elements 138 near the bit body rotational axis “X,.”

3. Additional Embodiments

Figure 4A is a partial cross-sectional view of another example of a hybrid drill bit 200
illustrating a centrally-located counter-rotational cutting structure 206 having a pair of
generally cylindrical counter-rotational cutting members 210, 212. The counter-rotational
cutting members 210 are both radially displaced from a bit body rotational axis “Xs;” of a bit
body 216 on opposite radial sides of the bit body rotational axis “Xs3.” Thus, the counter-
rotational cutting members 210, 212 are mounted for counter-rotation with respect to one
another about respective roller axes “X4” and “Xs,” which are generally perpendicular to the

bit body rotational axis “X3.” The first cylindrical counter-rotational cutting member 210 has
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a larger diameter than the second counter-rotational cutting member 212. In this
embodiment, the respective roller axes “X4” and “Xs,” upon which counter-rotational cutting
members 210, 212 are supported, are distinct and offset from one another. Specifically, the
respective roller axes “X4” and “Xs” are axially offset from one another along the bit body
rotational axis “Xs” such that respective leading ends 218, 220 of the counter-rotational
cutting members 210, 210 are axially aligned. In some other embodiments (not shown), the

leading ends 218, 220 may be axially offset from one another.

In one or more other embodiments (not shown) distinct and offset roller axes for
rotational cutting members may be offset from one another in other directions than the axial
direction defined by a rotational axis of a bit body. For example roller axes in other
embodiments may be laterally, radially, angularly and/or circumferentially offset from one
another. In some exemplary embodiments (not shown), distinct roller axes are arranged at
right angles to one another, and/or at oblique angles with to one another in the same plane
generally orthogonal to the bit body axis and/or within axially offset planes generally
orthogonal to the bit body axis. In some embodiments (not shown) distinct roller axes are

arranged such that the roller axes do not intersect the bit body rotational axis.

Figure 4B is a partial cross-sectional view of another example of a hybrid drill bit 300
illustrating a centrally-located rotational cutting structure 306 having a single rotational
cutting member 310 thereon. The rotational cutting member 310 is mounted in a radially
offset manner with respect to a bit body rotational axis “X¢” defined by a bit body 312 of the
hybrid drill bit 300. Axle supports 320 of the rotational cutting structure 306 maintain a
centerline “C” of the counter-rotational cutting member 310 radially offset from the bit body
rotational axis “X¢” by an offset distance “D.” Thus rotation of the bit body 312 adjacent the
geologic formation “G” (FIG. 1) induces rotation of the rotational cutting member 310 about
a roller axis “X5,” which may be generally orthogonal to the bit body rotational axis “Xe.”
The rotational cutting member 310 intersects the bit body rotational axis “Xe” such that the
rotational cutting member 310 extends to opposite radial sides of the bit body rotational axis

“X6"’

4, Aspects of the Disclosure

The aspects of the disclosure described in this section are provided to describe a
selection of concepts in a simplified form that are described in greater detail above. This

section is not intended to identify key features or essential features of the claimed subject

10
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matter, nor is it intended to be used as an aid in determining the scope of the claimed subject

matter.

In one aspect, the disclosure is directed to a drill bit for forming a wellbore through a
geologic formation. The drill bit includes a connector configured for connection to a
drillstring and a bit body coupled to the connector. The bit body defines a bit body rotational
axis extending longitudinally therethrough. The drill bit further includes a peripherally-
located fixed cutting structure on the bit body and a centrally-located counter-rotational
cutting structure. The peripherally-located fixed cutting structure includes at least one fixed
cutting element thereon for rotation with the bit body about the bit body rotational axis. The
centrally located counter-rotational cutting structure includes two counter-rotational cutting
members mounted about respective roller axes that are generally perpendicular to the bit

body rotational axis.

In one or more exemplary embodiments, the two counter-rotational cutting members
are mounted for counter rotation with respect to one another in response to rotation of the bit
body about the bit body rotational axis. In one or more exemplary embodiments, the
centrally-located counter-rotational cutting structure includes a generally spherical profile
across a leading end thereof. The respective roller axes of the counter-rotational cutting
members may be substantially aligned such that the two counter-rotational cutting members
are rotatable about a common axis extending generally perpendicular to the bit body
rotational axis. Alternatively, the respective roller axes can be offset from one another such
that the two counter-rotational cutting members are rotatable about distinct axes extending
generally perpendicular to the bit body rotational axis. In some embodiments, distinct and
offset roller axes may be axially offset from one another along the bit body rotational axis. In
some embodiments, the two counter-rotational cutting members are mounted to extend to

opposite radial sides of the bit body rotational axis.

In some embodiments, the centrally-located counter-rotational cutting structure may
include a coupler therecon for coupling the counter-rotational cutting structure into a central
aperture defined in the bit body. The coupler may include a first threaded surface thereon for
engaging a corresponding second threaded surface defined in the central aperture. In some
embodiments, the coupler may include fixed couplers such as welds or adhesives, and in
other embodiments, the coupler may include removable couplers such as pins or latches to

facilitate removal of the counter-rotational cutting structure from the central aperture. In

11
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some exemplary embodiments, the counter-rotational cutting structure comprises an axle

supporting the two counter-rotational cutting members thereon.

In one or more exemplary embodiments, the peripherally-located fixed cutting
structure includes a plurality of cutting blades circumferentially spaced about centrally-
located counter-rotational cutting structure. The peripherally-located fixed cutting structure
may include a plurality of radially and axially distributed fixed-cutting elements, and in some
embodiments, the leading end of the counter-rotational cutting members are axially disposed
to lead at least one of the fixed cutting elements and to trail at least one of the fixed cutting
elements. In some embodiments, the leading end of the centrally-located counter-rotational
cutting structure may be disposed on a leading axial side of a radially-inner-most fixed
cutting element and on a trailing axial side of an axially leading-most fixed cutting element.
In some exemplary embodiments, the centrally-located counter-rotational cutting structure
may be under exposed such that the leading end is disposed on a trailing axial side of each of
the fixed cutting elements, and in other embodiments, the counter rotational cutting structure
may be over-exposed such that the leading end is disposed on a leading axial side of each of

the fixed cutting elements.

In another aspect, the disclosure is directed to a drill bit for forming a wellbore
through a geologic formation. The drill bit includes a connector configured for connection
into a drillstring. A bit body is coupled to the connector and defines a rotational axis
extending longitudinally through the bit body. The drill bit further includes a fixed cutting
structure defined on the bit body that includes at least one fixed cutting element thercon for
rotation with the bit body about the rotational axis. The drill bit also includes a rotational
cutting structure including at least one rotational cutting member mounted on an axis
generally perpendicular to the bit body rotational axis. The rotational cutting member is

radially offset from the bit body rotational axis.

In some exemplary embodiments, the at least one fixed cutting element of the fixed
cutting structure includes a plurality of fixed-cutting elements circumferentially spaced from
one another on a radially outer side of the counter-rotational cutting structure. In some
embodiments, the centrally-located rotational cutting structure protrudes from a central

aperture defined in the bit body radially within the plurality of fixed-cutting elements.

In one or more embodiments, the at least one rotational cutting member includes two

counter-rotational cutting members mounted to extend to opposite radial sides of the bit body
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rotational axis.  In some exemplary embodiments, the two counter-rotational cutting
members each have a generally hemispherical profile, and in some embodiments, the two
counter-rotational cutting members are oriented with respect to one another to define a
generally spherical profile across a leading end of the rotational cutting structure. In some
exemplary embodiments, an apex of the generally spherical profile is disposed generally

along the bit body rotational axis.

In some embodiments, the two counter-rotational cutting members are mounted on a
common axis. In some embodiments, the at least one counter-rotational cutting member
intersects the rotational axis and extends to opposite radial sides of the bit body rotational

axis.

The Abstract of the disclosure is solely for providing the United States Patent and
Trademark Office and the public at large with a way by which to determine quickly from a
cursory reading the nature and gist of technical disclosure, and it represents solely one or

more embodiments.

While various embodiments have been illustrated in detail, the disclosure is not
limited to the embodiments shown. Modifications and adaptations of the above embodiments
may occur to those skilled in the art. Such modifications and adaptations are in the spirit and

scope of the disclosure.
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CLAIMS
WHAT IS CLAIMED IS:
1. A drill bit for forming a wellbore through a geologic formation, the drill bit
comprising:
a connector configured for connection to a drillstring,

a bit body coupled to the connector and defining a bit body rotational axis extending

longitudinally therethrough;

a peripherally-located fixed cutting structure on the bit body and including at least one
fixed cutting element thercon for rotation with the bit body about the bit body rotational axis;

and

a centrally-located counter-rotational cutting structure comprising two counter-
rotational cutting members mounted about respective roller axes generally perpendicular to

the bit body rotational axis.

2. The drill bit of claim 1, wherein the centrally-located counter-rotational cutting

structure comprises a generally spherical profile across a leading end thereof.

3. The drill bit of claim 1, wherein the respective roller axes are aligned such that the
two counter-rotational cutting members are rotatable about a common roller axis extending

generally perpendicular to the bit body rotational axis.

4. The drill bit of claim 3, wherein the two counter-rotational cutting members extend to

opposite radial sides of the bit body rotational axis.

5. The drill bit of claim 1, wherein the respective roller axes are offset from one another
such that the two counter-rotational cutting members are rotatable about distinct axes

extending generally perpendicular to the bit body rotational axis.

6. The drill bit of claim 5, wherein the respective roller axes are axially offset from one

another along the bit body rotational axis.

14
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7. The drill bit of claim 1, wherein the centrally-located counter-rotational cutting
structure includes a coupler thereon for coupling the centrally-located counter-rotational

cutting structure into a central aperture defined in the bit body.

8. The drill bit of claim 7, wherein the coupler comprises a first threaded surface for

engaging a corresponding second threaded surface defined in the central aperture.

9. The drill bit of claim 1, wherein the centrally-located counter-rotational cutting

structure comprises an axle supporting the two counter-rotational cutting members thereon.

10.  The drill bit of claim 1, wherein the peripherally-located fixed cutting structure
comprises a plurality of cutting blades circumferentially spaced about centrally-located

counter-rotational cutting structure.

11.  The drill bit of claim 1, wherein the peripherally-located fixed cutting structure
includes a plurality of radially and axially distributed fixed-cutting elements, and wherein a
leading end of the centrally-located counter-rotational cutting structure is disposed on a

leading axial side of a radially-inner-most fixed cutting element.

12.  The drill bit of claim 11, wherein the leading end of the centrally-located counter-
rotational cutting structure is disposed on a trailing axial side of an axially leading-most fixed

cutting element.

13. A drill bit for forming a wellbore through a geologic formation, the drill bit

comprising:
a connector configured for connection into a drillstring,

a bit body coupled to the connector and defining a bit body rotational axis extending

longitudinally through the bit body;

a fixed cutting structure defined on the bit body and including at least one fixed

cutting element thereon for rotation with the bit body about the rotational axis; and

a rotational cutting structure comprising at least one rotational cutting member
radially offset from the bit body rotational axis mounted on a roller axis generally

perpendicular to the bit body rotational axis.

15
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14.  The drill bit of claim 13, wherein the at least one fixed cutting element of the fixed
cutting structure comprises a plurality of fixed-cutting elements circumferentially spaced

from one another on a radially outer side of the counter-rotational cutting structure.

15.  The drill bit of claim 14, wherein the rotational cutting structure protrudes from a

central aperture defined in the bit body radially within the plurality of fixed-cutting elements.

16. The drill bit of claim 13, wherein the at least one rotational cutting member comprises
two counter-rotational cutting members mounted to extend to opposite radial sides of the bit

body rotational axis.

17. The drill bit of claim 16, wherein the two counter-rotational cutting members each

have a generally hemispherical profile.

18. The drill bit of claim 17, wherein the two counter-rotational cutting members are
oriented with respect to one another to define a generally spherical profile across a leading

end of the rotational cutting structure.

19.  The drill bit of claim 18, wherein an apex of the generally spherical profile is disposed

generally along the bit body rotational axis.

20. The drill bit of claim 13, wherein the at least one rotational cutting member includes a

generally cylindrical surface mounted for rotation about the roller axis.
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