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[0001] TITLE OF THE INVENTION

[0002] Hybrid Bit With Mechanically Attached Roller Cone Elements

[0003] CROSS REFERENCE TO RELATED APPLICATIONS
[0004] This application for patent is related to, claims benefit of and priority to United
States Provisional Application serial no. 62/002,787, filed on May 23, 2014, the entire

contents of which are incorporated herein by reference for all purposes.

[0005]STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
[0006] Not applicable.

[0007]REFERENCE TO APPENDIX
[0008] No Applicable.

[0009] BACKGROUND OF THE INVENTION

[0010]Field of the Invention. The inventions disclosed and taught herein relate
generally to hybrid drill bits having at least one fixed blade with cutter elements and at
least one rolling cutter assembly; and more specifically related to a hybrid drill bit
having a mechanically fastened rolling cutter assembly.

[0011] Description of the Related Art.

[0012] Rotary earth boring bits useful for oil and gas exploration and production have
evolved considerably since the bi-cone bit developed by Howard Hughes, which had
two rotatable cone-shaped cutting assemblies. Today, there are rotary bits with fixed or
non-rotating blades with polycrystalline diamond cutters (PDC) mounted thereon.
There are also hybrid bits combining fixed blade cutting elements and rotating cutting
elements. Most, but not all hybrid bits are modular in construction, in that the rotatable
or rolling cutter elements are separate components coupled to the bit body by welding
or other type of fastening.

[0013] The inventions disclosed and taught herein are directed to an improved modular
hybrid bit having at least one rolling cutter assembly mechanically fastened to the bit
body.
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[0014] BRIEF SUMMARY OF THE INVENTION

[0015] As a brief summary of one of the many embodiments of the present inventions, a
hybrid drill bit may comprise a body having at least one blade, each blade comprising a
plurality of earth formation cutting elements; at least one rolling cutter assembly pocket
formed into the body and comprising a first torque-reacting structure, wherein the
pocket is disposed between adjacent blades; at least one rolling cutter assembly
comprising a head onto which a cutter element is rotatably coupled; the head
comprising a second torque-reacting structure configured to operatively engage the first
torque-reacting structure, and a plurality of mechanical fastener openings; a plurality of
mechanical fasteners fabricated from high-strength, high fracture toughness, corrosion
resistant metal alloy configured to securely and removably couple the at least one
rolling cutter assembly to the pocket; a locking structure formed on a portion of at least
one fastener and configured to provide an interference fit between the locking structure
and an associated fastener opening in the head; a plurality of locking caps each
configured to engage an exposed portion of a fastener and prevent relative rotation
between the fastener and the cap; and a plurality of weldments engaging at least a
portion of each locking cap and configured to prevent dislodgment of the caps from the

fastener and to prevent relative rotation between the cap and the body

[0016] BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0017] The following figures are included to further demonstrate and teach certain
aspects of the present invention. The invention may be better understood by reference
to one or more of these figures in combination with the detailed description of specific
embodiments presented herein.

[0018]FIG. 1 illustrates in exploded view one of many possible embodiments of a
modular hybrid drill bit with a rolling cutter assembly mechanically fastened to the bit
body.

[0019]FIG. 2 illustrates the hybrid bit of FIG.1 in an assembled view.

[0020]FIG. 3 illustrates one of many possible embodiments of a rolling cutter head.
[0021]FIG. 4 illustrates one of many possible embodiments of a mechanical fastener
system and locking cap.

[0022] FIG. 5 illustrates a deformed fastener opening in a rolling cutter head.

-2-



10

15

20

25

30

WO 2015/179792 PCT/US2015/032230
[0023] While the inventions disclosed herein are susceptible to various modifications
and alternative forms, only a few specific embodiments have been shown by way of
example in the drawings and are described in detail below. The figures and detailed
descriptions of these specific embodiments are not intended to limit the breadth or
scope of the inventive concepts or the appended claims in any manner. Rather, the
figures and detailed written descriptions are provided to illustrate the inventive concepts
to a person of ordinary skill in the art and to enable such person to make and use the

inventive concepts.

[0024] DETAILED DESCRIPTION

The Figures identified above and the written description of specific structures and
functions below are not presented to limit the scope of what | have invented or the
scope of the appended claims. Rather, the Figures and written description are provided
to teach any person skilled in the art how to make and use the inventions for which
patent protection is sought. Those skilled in the art will appreciate that not all features,
aspects or functions of a commercial embodiment of the inventions are described or
shown for the sake of clarity and understanding. Persons of skill in this art will also
appreciate that the development of an actual commercial embodiment incorporating
some or all aspects of the present inventions will require numerous implementation-
specific decisions to achieve the developer's ultimate goal for the commercial
embodiment. Such implementation-specific decisions may include, and likely are not
limited to, compliance with system-related, business-related, government-related and
other constraints, which may vary by specific implementation, location and from time to
time. While a developer’s efforts might be complex and time-consuming in an absolute
sense, such efforts would be, nevertheless, a routine undertaking for those of skill in
this art having benefit of this disclosure. It must be understood that the inventions
disclosed and taught herein are susceptible to numerous and various modifications and
alternative forms. Lastly, the use of a singular term, such as, but not limited to, “a,” is
not intended as limiting of the number of items. Also, the use of relational terms, such
upper, up,
and the like are used in the written description for clarity in specific reference to the

LTS LT LT i i

as, but not limited to, “top,” “bottom,” “left,” “right, lower,” “down, side,”

Figures and are not intended to limit the scope of the invention or the appended claims.
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[0025] | have created a modular, hybrid drill bit comprising a single or a plurality of fixed
blades and at least one rolling cutter assembly, in which the rolling cutter assembly is
secured to the bit body with mechanical fasteners. The rolling cutter assembly may be
configured to mate with a pocket in the bit body and to engage anti-rotation or anti-
movement structures, such as a tongue and groove system. Further, shims may be
used between the rolling cutter assembly and the pocket or bit body to adjust the radial
projection of the rolling cutter assembly and/or the axial projection of the rolling cutter
assembly.

[0026]In a preferred embodiment, the mechanical fasteners comprise threaded studs
fabricated from high-strength, high-toughness, corrosion resistant metal alloy and
extend radially outwardly from the pocket or bit body on to which the rolling cutter
assembly is placed. Threaded nuts may engage the exposed stud threads and be
tightened to clamp the rolling cutter assembly into the pocket. One or more of the studs
may have a locking structure, such as an interference fit, that will elastically or
plastically deform the fastener opening in the rolling cutter assembly to secure the
assembly in axial position. The nuts may be weld in place to prevent loosening of the
fasteners. Alternately and preferably, locking caps configured to engage the nut
landings may be placed over the exposed nuts and welded together and to the bit body
or alternately to a locking plate held down by the nuts eliminating welding to a head or
bit body, to prevent loosening of the fasteners.

[0027] Turning now to FIG 1, illustrated is one of many possible embodiments of a
hybrid drill bit 100 comprising a plurality of fixed cutter blades 102 and at least one
rolling cutter assembly 104 mechanically and removably fastened to the bit body 106.
As illustrated in FIG. 1 the fixed cutter blades 102 may be, but are not required to be,
fabricated integrally with the drill bit body 106. The rolling cutter assembly 104 is
illustrated as a separate component that is mechanically and removably attached to a
portion of the drill bit body 106, preferably between fixed cutter blades102.

[0028] The fixed cutter blades 102 each have a plurality of cutting elements108, such
as, without limitation, PDC cutting elements affixed thereto in known manner and
location. The rolling cutter 104 comprises a body or head 110 having a spindle 302
(FIG. 3) and a rolling cone 112 to which a plurality of cutting elements 114 are affixed in

known manner and location.
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[0029] The rolling cutter head 110 has a plurality of mechanical fastener openings 116
substantially corresponding with fastener openings 118 in the bit body. The head 110
preferably, but not necessarily, comprises anti-movement element 120 or tongue that
engages a mating portion 122 of the body such as a groove or head pocket in the bit
body 106.

[0030]As illustrated in FIG. 1, the rolling cutter head 110 may be mechanically coupled
to the body 106 through use of a plurality of threaded fasteners 124. In a preferred
embodiment, the threaded fasteners 124 comprise threaded studs having threaded
portions at each end. The rolling cutter head 110 will be secured to the bit body 106
with nuts 126 that matingly engage with the threaded studs. Alternately, threaded bolts
having integral heads may be used. The preferred fasteners are discussed in more
detail with respect to FIG. 4

[0031]Also illustrated in FIG. 1 are optional locking plates 128. As illustrated, locking
plate 128 engages a locking plate recess 130 in the head 110. The locking plate 128
illustrated in in FIG. 1 comprises three pillars 132, which, as illustrated in FIG. 2, are
interposed between the nuts 126. As discussed with respect to FIG. 3, alternate
locking plate configurations are contemplated.

[0032] The fastener openings in the head 116 and the corresponding openings in the bit
body 118 may be, and preferably are, aligned along radial lines to a real or imaginary
center of the body 106. Alternately, the fastener openings 116, 118 may be aligned
along non-radial chords into the body.

[0033] It will be appreciated that at least because of the variations in component sizes
caused by manufacturing tolerances in both the bit body 106 and in the rolling cutter
head 110, hybrid bit 100 may utilize spacers or shims to adjust the precise location of
the rolling cutter head 110 / rolling cutter cone 112 relative to the bit body 106, and
most especially relative to the cutting element exposure. For example, as illustrated in
FIG. 2, one or more shims 134 may be placed between a top surface of the rolling
cutter head 110 and a corresponding part in the bit body 106, as shown. It will be
appreciated that one or more shims 134 in this location will displace the rolling cutter
head 110 in axial direction allowing adjustment of the exposure of the rolling cutting
Elements 114. Similarly, one or more shims 136 may be placed between the rolling
cutter head 110 and the bit body 106 to space the head 110 away from the body 106 in
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a radial direction. Because of this adjustability, it is preferred that the fastener openings
116, 118 be oriented along radial lines as well.
[0034] As discussed in more detail with respect to FIG. 3, axial adjustment of the rolling
cutter assembly 104 requires that the fastener openings 116 be elongated a sufficient
amount to allow for axial adjustment.
[0035]As illustrated in FIG. 2, the radial shims 136 may be held in place by the
mechanical fasteners 124, 126. The axial shims 134, however, may be susceptible to
movement or dislodging from their location between the rolling cutter head 110 and the
bit body 106. It is contemplated that several different shim 134 locking mechanisms
may be employed to hold the axial shims in place. For example, a recess may be
formed in the cutting head 110 surface to engage a protrusion on the axial shim 134 to
prevent the axial shim 134 from dislodging from the drill bit 100.
[0036] Lastly, as illustrated in FIG. 1, this particular embodiment 100 utilizes locking
caps 138 to prevent the fastener nuts 126 from loosening, as will be discussed below.
[0037] Turning to FIG. 2, the bit 100 of FIG. 1 is shown in assembled conditioned. The
mechanical fasteners 124, 126 have been tightened to the desired tension, and locking
caps 138 have been installed on an exposed portion of the fasteners 116, such as a nut
or a bolt head. To prevent the fasteners 116 from loosening during use of bit 100, a
first series of tack welds 200 may be laid down along the top of the caps and between
adjacent caps to join each adjacent cap. Additionally, a series of tack welds 202 may
be laid down securing the caps 138 to, preferably, the locking plates 128, such as at
each pillar 132, or, alternately, to the head 110. It will be appreciated that while welds
202 secure the caps to the bit 100 and prevent loosening of fastener 116, such as nuts
126, welds 200 are useful to keep the caps 138 aligned prior to placing weld 202.
[0038] While eight fasteners are shown in the embodiments described in FIGs. 1 and 2,
it will be appreciated that other numbers of fasteners may be used, including one
fastener per rolling cutter assembly. It will be appreciated that the number of fasteners
may vary from one to multiple depending on the configuration of the rolling cutter
element and its material properties, the material properties of the body, the material
properties of the fastener(s) used. For the embodiments shown in FIGs. 1 and 2, only
four fasteners are likely needed; specifically the two fasteners on either side at the top
and bottom. The two middle fasteners on each side are considered back-up fasteners
in case of failure of one or more of the primary fasteners. It will be appreciated that

-6-



10

15

20

25

30

WO 2015/179792 PCT/US2015/032230
spacing the primary fasteners as described maximizes the anti-rotation properties of
rolling cutter assembly.

[0039]FIG. 3 illustrates a rolling cutter head 300 suitable for use with the inventions
disclosed herein. Head 300 is similar to the head 110 described in FIG. 1, and shows
roller cone spindle 302 not visible in FIG. 1. Head 300 is shown with the recess 130
configured to receive locking plate 128, as shown in Fig. 1. Alternately, as shown in
FIG. 3, the head 300 need not have a recess to utilize a locking plate, and the surface
304 may be substantially flat, for example. To aid in removal of the head 300 or cutter
assembly 104 from the bit body 106 after use (such as for repair), head 300 is
illustrated with removal aid 306, which may be threaded holes to receive a tool for
pulling the head off of the body 106. Also illustrated in FIG. 3 are areas of hard-facing
308 that may be applied to the roller cutter head 300 preferably prior to assembly of the
head 300 and prior to mating of the rolling cutter assembly on the bit body 106.
[0040]FIG. 3 also shows that the fastener holes 116 may be elongated circular holes
rather than substantially circular holes. It will be appreciated that if axial adjustment of
the rolling cutter assembly 104, 300 is desired, then fastener holes 116 may need to be
elongated to allow for the axial movement of the assembly 104 relative to the body 106.
Conversely, if no axial adjustment of the rolling cutter assembly 104 is desired, the
fastener openings 116 may be circular or substantially circular and configured to mate
with the mechanical fasteners with a sliding fit or location fit, as those terms are
understood in the art. For example, if the desired amount of axial displacement or
adjustment is about 0.070 inch, then the long axis of the elongated opening will need to
be equal to or greater than 0.070 inch more than the diameter of a corresponding
circular hole.

[0041]lllustrated in FIG. 4 is an example of one of the many types of mechanical
fastener systems that can be used with the present inventions. The presently preferred
mechanical fastener system comprises a stud 124 having threaded portions 400 and
402 at each end and an associated nut 126. In the particular embodiment described in
this disclosure, this fastener stud 124 may have a nominal diameter of 7/16 inch with an
overall length of about 2 inches. As illustrated in FIG. 4, threaded portion 400
comprises a course series thread, such as a 7/16 inch — 14 thread. The threaded
portion 400 of the stud 124 is configured to mate with corresponding threads in
threaded receptacles 118. The other end of the stud 124 may comprise a fine series
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thread such as 7/16 inch — 20. One reason for having a fine series thread on one end
of the stud 124 is because the material properties of the bit body 106 likely will be
substantially less than the material properties of this preferred mechanical fastener
system. Use of a fine thread 402 at the distal end of the stud to engage the nut 126
serves to reduce the possibility of overloading and stripping the course series threads
400 from the bit body.

[0042] 1t is preferred that the mechanical fasteners, for example the threaded studs 124
and nuts 126 be fabricated from a corrosion resistant, high-strength metal alloy material
having a high level of material toughness. For example, it is presently preferred that
the mechanical fasteners be fabricated from a Nickel-bearing, heat-treatable alloy, such
as Inconel®, having a tensile strength of at least 260,000 psi. Mechanical fasteners of
this type may be obtained from various commercial sources, including, but not limited to
Automotive Racing Products, Inc. Studs 124 and nuts 126 made by ARP from its
Custom Age 625+® material have been used for prototypes of hybrid bit 100. It is
preferred, but not required, that the studs 124 and nuts126 be fabricated from the same
material.

[0043] To the extent a locking plate 128 is used with a particular hybrid bit
embodiment, the material for the locking plate and for the locking caps 138 need not
be, and preferably are not, made from the same material as the fasteners. In a
preferred embodiment, the locking plate 128 material and the locking cap 138 material
may be a conventional steel alloy, such as AlISI 8620, other metal alloy that provides
ease of welding. Since the locking plate 128 and the locking cap are not significant
loadbearing components, strength and load corrosion resistance is not as important as
it is for the mechanical fasteners, which bear significant static and dynamic loads.
[0044] It will also be appreciated that the clamping force provided by the mechanical
fasteners is an issue of design depending on the size of the bit 100, the environment
anticipated and the materials from which the bit 100 are fabricated. For the
embodiments illustrated in this application using eight 7/16 inch nominal mechanical
fasteners for each rolling cutter assembly 104, it is desired to preload each fastener to
about 21,000 pounds, or about 89% of its 0.02% offset yield load. Those of skill will
appreciate it that determining the amount of fastener preload is typically done by
controlling the amount of torque imposed on the nut 126. However, as is known, the
relationship between torque and preload is not necessarily linear and is affected by a
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variety of factors, not the least of which is friction between the nut 126 and stud 124
threads. For example, it is been found that while 95 foot-pounds of torque applied to
the nut can be calculated to generate 17,500 pounds of preload, it has been found that
up to about 120 foot-pounds of torque was needed to achieve the same preload . This
variation in calculated torque versus required torque was attributed to the friction
between stud and the nut both being fabricated from the same high-strength, high-
toughness material.

[0045] As illustrated in FIG. 1, the stud 126 may also comprise a recessed hex head
140 or other type of drive system for installing and tightening (e.g., torqueing) the stud
into the bit body 106 at threaded receptacles 118.

[0046] Also shown in FIG. 4 is an upset region 404 approximately a 1/4 inch in length
and having a diameter between about 0.017 and 0.019 inch greater than the main body
406 of the fastener 124. This upset area 404 is configured to provide an interference
type fit with the fastener openings 116 in the rolling cutter head 110. It will be
appreciated that once the appropriate axial shims 134 are put in place, if needed, and
the rolling cutter assembly is put into position on the studs 124, tightening down the
nuts 126 causes mechanical deformation, either plastic or elastic, thereby locking the
rolling cutter assembly 104 head in axial position on the bit body 106. If the stud 124
material is stronger (e.g., harder) than the material from which the head 110 is made,
the softer material will deform substantially more than the harder upset 404 region.
[0047]FIG. 5. is an illustration of what a fastener opening 116 may look like after
plastic deformation 500 caused by the upset region 404 on stud 124. The deformation
on one side of the opening 116 is labeled “d” in FIG. 5. It can be appreciated from this
illustration this interference fit and resulting deformation functions to help secure the
rolling cutter assembly 104 in axial position on the bit body 106.

[0048] It will be appreciated that there are alternate embodiments of this upset region
that may be used to advantage with the inventions disclosed herein. For example, and
without limitation, single or multiple protuberances such as diamond shaped points may
be used instead of the circumferential upset 404 illustrated in FIG. 4. Alternately,
serrated ridges along a portion of stud 124 may be used to help secure the rolling cutter
assembly 104 in axial position.

[0049]Now having benefit of this disclosure, it will be appreciated that a hybrid bit
according to the present invention may be assembled as follows. If studs are used as
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the mechanical fasteners, the studs are placed in the threaded receptacles in the bit

body and torqued to the desired level such as, for example, 75 foot-pounds. It will be
appreciated that the appropriate torque level will depend on the fastener material, the
bit body material and the clamping force necessary to achieve the desired stability of
the rolling cutter assembly.

[0050] Radial and axial shims, if needed or desired, may be placed in position on the bit
body or the rolling cutter assembly, as desired. The rolling cutter head may be placed
in the desired axial and radial position the bit body pocket so that the anti-rotation
structures operatively engage each other. If studs are use, the rolling cutter assembly
is slid down the studs. If bolts are used, the bolts are inserted into the fastener
openings and screwed into the fastener receptacles in the bit body. If a fastener-
locking plate is used, they are placed over the studs, or placed in position before the
bolts are run home.

[0051]Nuts are screwed on the studs, if used, and each nut or bolt is torqued to the
desired preload for each mechanical fastener. Once the fasteners are torqued to the
appropriate level, locking caps may be placed over on the exposed position of each
fastener, such as nut or bolt head. A weld, such as a tack weld, may be laid-down
between the top cap surfaces. This weld may function to prevent the caps, and
therefore the nuts or bolt heads from loosening by rotating. Also, this weld may be
beneficial in preventing the caps from canting when a side cap weld is laid down. To
prevent the caps from dislodging from the bit, a weld, such as a tack weld, may be
placed between the sides of each cap and between the material that contacts the
underside of the nut or bolt head. It will be appreciated that when a locking plate is
used, and it is made from the same material as the locking cap, a side weld may be
easily placed in these regions. If a lock plate is not used, the side weld can still lock the
caps to each other and to the rolling cutter head.

[0052] If the mechanically fastened rolling cutter assembly needs to be removed, such
as for repair of the bit, the one or more locking cap welds can be ground off and the
locking caps removed. The fasteners can be loosened and removed. To ease
dismantling of the rolling cutter assembly from the bit body, a pulling tool may engage
one or more threaded receptacles in the rolling cutter assembly and used to pull the
rolling cutter assembly past the interference fit caused by the upset portion of the

mechanical fastener.

-10 -



10

15

20

WO 2015/179792 PCT/US2015/032230
[0053] Other and further embodiments utilizing one or more aspects of the inventions

described above can be devised without departing from the spirit of invention. Further,
the various methods and embodiments of the methods of manufacture and assembly of
the system, as well as location specifications, can be included in combination with each
other to produce variations of the disclosed methods and embodiments. Discussion of
singular elements can include plural elements and vice-versa.

[0054] The order of steps can occur in a variety of sequences unless otherwise
specifically limited. The various steps described herein can be combined with other
steps, interlineated with the stated steps, and/or split into multiple steps. Similarly,
elements have been described functionally and can be embodied as separate
components or can be combined into components having multiple functions.

[0055] The inventions have been described in the context of preferred and other
embodiments and not every embodiment of the invention has been described. Obvious
modifications and alterations to the described embodiments are available to those of
ordinary skill in the art. The disclosed and undisclosed embodiments are not intended
to limit or restrict the scope or applicability of the invention conceived of by the
Applicants, but rather, in conformity with the patent laws, Applicants intend to fully
protect all such modifications and improvements that come within the scope or range of

equivalent of the following claims.
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WHAT IS CLAIMED I8S:

1. A hybrid drill bit comprising:

a body having a plurality of blades, each blade comprising a plurality of earth formation cutting
elements;

at least one rolling cutter assembly pocket formed into the body and comprising a first torque-
reacting structure, wherein the pocket is disposed between adjacent blades;

at least one rolling cutter assembly comprising a head onto which a cutter element is rotatably
coupled;

the head comprising a second torque-reacting structure configured to operatively engage the first
torque-reacting structure and a plurality of mechanical fastener openings;

the head adjustably positioned axially and radially in the pocket to establish a predetermined
rolling cutter exposure;

a plurality of mechanical fasteners configured to securely and removably couple the at least one
rolling cutter assembly to the pocket in the predetermined rolling cutter exposure
position;

a locking structure formed on a portion of at least one fastener and configured to provide an
interference fit between the locking structure and an associated fastener opening in the
head;

a plurality of locking caps, each locking cap being configured to engage an exposed portion of a
respective fastener to prevent relative rotation between the fastener and the locking cap;
and

a plurality of weldments engaging at least a portion of each locking cap, the plurality of welds
configured to prevent dislodgment of each locking cap from the respective fastener and to
prevent relative rotation between each locking cap and the body, each weldment of the
plurality of weldments being disposed between adjacent locking caps of the plurality of

locking caps and joining the adjacent locking caps of the plurality of locking caps.

2. The hybrid drill bit of claim 1, wherein the first and second torque-reacting

structures comprise a tongue and groove configuration.
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3. The hybrid drill bit of claim 1, wherein the fastener openings are substantially

round and configured for a location fit with a portion of the mechanical fastener.

4. The hybrid drill bit of claim 1, wherein a portion of at least one mechanical

fastener is configured for an interference fit with a fastener opening.

3. The hybrid drill bit of claim 4, wherein the interference fit causes deformation in

the fastener opening.

6. The hybrid drill bit of claim 5, wherein the deformation in the fastener opening

secures the head in an axial location.

7. A method for manufacturing a hybrid drill bit comprising:

forming at least one rolling cutter assembly pocket in a hybrid bit body comprising a first torque-
reacting structure;

providing at least one rolling cutter assembly comprising a head onto which a cutter element is
rotatably coupled;

providing a second torque-reacting structure on the at least one rolling cutter assembly
configured to operatively engage the first torque-reacting structure to resist relative
movement between the at least one rolling cutter assembly and the bit body;

forming a plurality of mechanical fastener openings in the at least one rolling cutter assembly;

forming a plurality of mechanical fastener receptacles in the bit body corresponding to the
plurality of mechanical fastener openings;

providing a plurality of mechanical fasteners fabricated from high-strength, high-fracture
toughness, corrosion-resistant metal alloy configured to securely and removably couple
the rolling cutter assemblies to the pockets;

providing a locking structure on a portion of at least one fastener and configured to provide an
interference fit between the locking structure and an associated fastener opening;

adjustably positioning the at least one rolling cutter assembly in the pocket to establish a

predetermined exposure of the at least one rolling cutter assembly;
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tightening the fasteners against the at least one rolling cutter assembly to secure the at least one
rolling cutter assembly to the bit body;

placing a locking cap on an exposed portion of each fastener to prevent relative rotation between
the fastener and the cap;

welding at least a portion of each locking cap to prevent dislodgement of each locking cap from
the respective fastener and to prevent relative rotation between each locking cap and the
body; and

joining adjacent locking caps with weldments.

8. The method of claim 7, wherein the first and second torque-reacting structures

comprise a tongue and groove configuration.

9. The method of claim 7, wherein the fastener openings are substantially round and

configured for a location fit with a portion of the mechanical fastener.

10. The method of claim 7, wherein a portion of at least one mechanical fastener is

configured for interference fit with a fastener opening.

11. The method of claim 10, wherein the interference fit causes deformation of the

fastener opening.

12. The method of claim 11, wherein the deformation in the fastener opening secures

the head in an axial location.

13. The method of claim 10, wherein the deformation is elastic deformation.
14. The method of claim 10, wherein the deformation is plastic deformation.
15. The method of claim 11, wherein the deformation in the fastener opening secures

the head in an axial location.
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16. A hybrid drill bit comprising:

arolling cutter assembly pocket formed into a hybrid bit body;

at least one rolling cutter assembly comprising a head onto which a cutter element is rotatably
coupled;

the at least one rolling cutter assembly adjustably placed in the pocket in a predetermined
position;

the head comprising a plurality of mechanical fastener openings;

a plurality of mechanical fasteners configured to securely and removably couple the at least one
rolling cutter assembly to the pocket to establish a predetermined rolling cutter exposure;

a plurality of locking caps, each locking cap being configured to engage an exposed portion of a
respective fastener to prevent relative rotation between the fastener and the at least one
rolling cutter assembly; and

a plurality of weldments engaging at least a portion of each locking cap, the plurality of
weldments configured to prevent dislodgement of each locking cap from the respective
fastener and to prevent relative rotation between each locking cap and the body, each
weldment of the plurality of weldments being disposed between adjacent locking caps of
the plurality of locking caps and joining the adjacent locking caps of the plurality of

locking caps.

17. The hybrid drill bit of claim 16, further comprising a torque-reacting structure

disposed between the rolling cutter assembly and the bit body.

18. The hybrid drill bit of claim 17, wherein the torque-reacting structure comprises a

tongue and groove system.

19. The hybrid drill bit of claim 16, wherein a portion of at least one mechanical

fastener is configured for an interference fit with a fastener opening.

20. The hybrid drill bit of claim 19, wherein the interference fit secures the head in an

axial location.
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21. The hybrid drill bit of claim 1, further comprising at least one shim between the at

least one rolling cutter assembly and the pocket to change an axial rolling cutter exposure.

22.  The hybrid drill bit of claim 1, further comprising at least one shim between the at

least one rolling cutter assembly and the pocket to change a radial rolling cutter exposure.

23. The method of claim 7, wherein adjustably positioning the at least one rolling
cutter assembly in the pocket comprises placing one or more shims between the at least one

rolling cutter assembly and the pocket.
24. The hybrid drill bit of claim 16, further comprising one or more shims positioned

between the at least one rolling cutter assembly and the pocket configured to create a

predetermined axial and/or radial exposure of the at least one rolling cutter assembly.
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