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Description

BACKGROUND OF THE INVENTION

[0001] Field of the Invention. The inventions disclosed
and taught herein relate generally to earth-boring drill bits
for use in drilling wells, and more specifically, relate to
improved earth-boring drill bits, such as those having a
combination of two or more roller cones and optionally
at least one fixed cutter with associated cutting elements,
wherein the bits exhibit reduced tracking during drilling
operations, as well as the operation of such bits in down-
hole environments.

Description of the Related Art.

[0002] Roller cone drill bits are known, as are "hybrid"-
type drill bits with both fixed blades and roller cones. Roll-
er cone rock bits are commonly used in the oil and gas
industry for drilling wells. A roller cone drill bit typically
includes a bit body with a threaded connection at one
end for connecting to a drill string and a plurality of roller
cones, typically three, attached at the opposite end and
able to rotate with respect to the bit body. Disposed on
each of the cones are a number of cutting elements, typ-
ically arranged in rows about the surface of the individual
cones. The cutting elements may typically comprise tung-
sten carbide inserts, polycrystalline diamond compacts,
milled steel teeth, or combinations thereof.
[0003] Significant expense is involved in the design
and manufacture of drill bits to produce drill bits with in-
creased drilling efficiency and longevity. Roller cone bits
can be considered to be more complex in design than
fixed cutter bits, in that the cutting surfaces of the bit are
disposed on roller cones. Each of the cones on the roller
bit rotates independently relative to the rotation of the bit
body about an axis oblique to the axis of the bit body.
Because the roller cones rotate independent of each oth-
er, the rotational speed of each cone is typically different.
For any given cone, the cone rotation speed generally
can be determined from the rotational speed of the bit
and the effective radius of the "drive row" of the cone.
The effective radius of a cone is generally related to the
radial extent of the cutting elements on the cone that
extend axially the farthest, with respect to the bit axis,
toward the bottomhole. These cutting elements typically
carry higher loads and may be considered as generally
located on a so-called "drive row". The cutting elements
located on the cone to drill the full diameter of the bit are
referred to as the "gage row".
[0004] Adding to the complexity of roller cone bit de-
signs, cutting elements disposed on the cones of the roll-
er cone bit deform the earth formation during drilling by
a combination of compressive fracturing and shearing
forces. Additionally, most modern roller cone bit designs
have cutting elements arranged on each cone so that
cutting elements on adjacent cones intermesh between
the adjacent cones. The intermeshing cutting elements

on roller cone drill bits is typically desired in the overall
bit design so as to minimize bit balling between adjacent
concentric rows of cutting elements on a cone and/or to
permit higher insert protrusion to achieve competitive
rates of penetration ("ROP") while preserving the longev-
ity of the bit. However, intermeshing cutting elements on
roller cone bits substantially constrains cutting element
layout on the bit, thereby, further complicating the de-
signing of roller cone drill bits.
[0005] One prominent and recurring problem with
many current roller cone drill bit designs is that the re-
sulting cone arrangements, whether arrived at arbitrarily
or using simulated design parameters, may provide less
than optimal drilling performance due to problems which
may not be readily detected, such as "tracking" and "slip-
ping." Tracking occurs when cutting elements on a drill
bit fall into previous impressions formed by other cutting
elements at preceding moments in time during revolution
of the drill bit. This overlapping will put lateral pressure
on the teeth, tending to cause the cone to align with the
previous impressions. Tracking can also happen when
teeth of one cone’s heel row fall into the impressions
made by the teeth of another cone’s heel row. Slipping
is related to tracking and occurs when cutting elements
strike a portion of the previously made impressions and
then slide into these previous impressions rather than
cutting into the uncut formation, thereby reducing the cut-
ting efficiency of the bit.
[0006] In the case of roller cone drill bits, the cones of
the bit typically do not exhibit true rolling during drilling
due to action on the bottom of the borehole (hereafter
referred to as "the bottomhole"), such as slipping. Be-
cause cutting elements do not cut effectively when they
fall or slide into previous impressions made by other cut-
ting elements, tracking and slipping should preferably be
avoided. In particular, tracking is inefficient since there
is no fresh rock cut, and thus a waste of energy. Ideally,
every hit on a bottomhole will cut fresh rock. Additionally,
slipping is undesirable because it can result in uneven
wear on the cutting elements which in turn can result in
premature bit or cutter failure. It has been found that
tracking and slipping often occur due to a less-than-op-
timum spacing of cutting elements on the bit. In many
cases, by making proper adjustments to the arrangement
of cutting elements on a bit, problems such as tracking
and slipping can be significantly reduced. This is espe-
cially true for cutting elements on a drive row of a cone
on a roller cone drill bit because the drive row is the row
that generally governs the rotation speed of the cones.
[0007] As indicated, cutting elements on the cones of
the drill bit do not cut effectively when they fall or slide
into previous impressions made by other cutting ele-
ments. In particular, tracking is inefficient because no
fresh rock is cut. It is additionally undesirable because
tracking results in slowed rates of penetration (ROP), det-
rimental wear of the cutting structures, and premature
failure of the bits themselves. Slipping is also undesirable
because it can result in uneven wear on the cutting ele-
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ments themselves, which in turn can result in premature
cutting element failure. Thus, tracking and slipping during
drilling can lead to low penetration rates and in many
cases uneven wear on the cutting elements and cone
shell. By making proper adjustments to the arrangement
of cutting elements on a bit, problems such as tracking
and slipping can be significantly reduced. This is espe-
cially true for cutting elements on a drive row of a cone
because the drive row generally governs the rotation
speed of the cone.
[0008] Given the importance of these issues, studies
related to the quantitative relationship between the over-
all drill bit design and the degree of gouging-scraping
action have been undertaken in attempts to design and
select the proper rock bit for drilling in a given formation
[See, for example, Dekun Ma and J. J. Azar, SPE Paper
No. 19448 (1989)]. A number of proposed solutions exist
for varying the orientation of cutting elements on a bit to
address these tracking concerns and problems. For ex-
ample, U.S. Patent No. 6,401,839 discloses varying the
orientation of the crests of chisel-type cutting elements
within a row, or between overlapping rows of different
cones, to reduce tracking problems and improve drilling
performance. U.S. Patent Nos. 6,527,068 and 6,827,161
both disclose specific methods for designing bits by sim-
ulating drilling with a bit to determine its drilling perform-
ance and then adjusting the orientation of at least one
non-axisymmetric cutting element on the bit and repeat-
ing the simulating and determining until a performance
parameter is determined to be at an optimum value. The
described approaches also require the user to incremen-
tally solve for the motions of individual cones in an effort
to potentially overcome tracking during actual bit usage.
Such complex simulations require substantial computa-
tion time and may not always address other factors that
can affect tracking and slippage, such as the hardness
of the rock type being drilled.
[0009] U.S. Patent No. 6,942,045 discloses a method
of using cutting elements with different geometries on a
row of a bit to cut the same track of formation and help
reduce tracking problems. However, in many drilling ap-
plications, such as the drilling of harder formations, the
use of asymmetric cutting elements such as chisel-type
cutting elements are not desired due to their poorer per-
formance in these geological applications.
[0010] Prior approaches also exist for using different
pitch patterns on a given row to address tracking prob-
lems. For example, U.S. Pat. No. 7,234,549 and U.S.
Pat. No. 7,292,967 describe methods for evaluating a
cutting arrangement for a drill bit that specifically includes
selecting a cutting element arrangement for the drill bit
and calculating a score for the cutting arrangement. This
method may then be used to evaluate the cutting effi-
ciency of various drill bit designs. In one example, this
method is used to calculate a score for an arrangement
based on a comparison of an expected bottom hole pat-
tern for the arrangement with a preferred bottom hole
pattern. The use of this method has reportedly lead to

roller cone drill bit designs that exhibit reduced tracking
over previous drill bits.
[0011] Other approaches have been described which
involve new arrangements of cutting elements on an
earth-boring drill bit to reduce tracking. For example, U.S.
Patent No. 7,647,991 describes such an arrangement,
wherein the heel row of a first cone has at least equal
the number of cutting elements as the heel rows of the
other cones, the adjacent row of the second cone has at
least 90 percent as many cutting elements at the heel
row of the first cone, and the heel row of the third cone
has a pitch that is in the range from 20-50% greater than
the heel rows of the first cone.
[0012] While the above approaches are considered
useful in particular specific applications, typically directed
to address drilling problems in a particular geologic for-
mation, in other applications the use of such varied cut-
ting elements is undesirable, and the use of different pitch
patterns can be difficult to implement, resulting in a more
complex approach to drill bit design and manufacture
than necessary for addressing tracking concerns. What
is desired is a simplified design approach that results in
reduced tracking for particular applications without sac-
rificing bit life or requiring increased time or cost associ-
ated with design and manufacturing.
[0013] One method commonly used to discourage bit
tracking is known as a staggered tooth design. In this
design the teeth are located at unequal intervals along
the circumference of the cone. This is intended to inter-
rupt the recurrent pattern of impressions on the bottom
of the hole. However, staggered tooth designs do not
prevent tracking of the outermost rows of teeth, where
the teeth are encountering impressions in the formation
left by teeth on other cones. Staggered tooth designs
also have the short-coming that they can cause fluctua-
tions in cone rotational speed and increased bit vibration.
For example, U.S. Pat. No. 5,197,555 to Estes discloses
rotary cone cutters for rock drill bits using milled-tooth
cones and having circumferential rows of wear resistant
inserts. As specifically recited therein, "inserts on the two
outermost rows are oriented at an angle in relationship
to the axis of the cone to either the leading side or trailing
side of the cone. Such orientation will achieve either in-
creased resistance to insert breakage and/or increased
rate of penetration."
[0014] US 2010/018777 A1, considered the closest pri-
or art, discloses an earth boring bit comprising fixed
blades and rolling cutters. US 4285409 A discloses a two
cone bit with extended diamond cutters. US 3126066 A
discloses a drill bit with toothed cutters. US 3397751 A
discloses an asymmetric three-cone rock bit. US
2184067 A discloses a drill bit having a plurality of roller
cutters.
[0015] The inventions disclosed and taught herein are
directed to an improved drill bit with at least two roller
cones designed to reduce tracking of the roller cones
while increasing the rate of penetration of the drill bit dur-
ing operation.
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BRIEF SUMMARY OF THE INVENTION

[0016] Drill bits having at least two roller cones of dif-
ferent diameters and preferably also utilizing different
cutter pitches are described, wherein such bits exhibit
reduced tracking and/or slipping of the cutters on the bit
during subterranean drilling operations.
[0017] In accordance with a first aspect of the present
disclosure, a drill bit is described, the drill bit comprising
a bit body having a longitudinal central axis; at least one
blade extending from the bit body; a first and second arm
extending from the bit body; a first roller cone rotatably
secured to the first arm; and a second roller cone rotat-
ably secured to the second arm, wherein the first roller
cone is larger in diameter than the second roller cone. In
further accordance with this aspect of the disclosure, the
drill bit may further include one or more fixed cutting
blades extending in an axial downward direction from the
bit body, the cutting blades including a plurality of fixed
cutting elements mounted to the fixed blades.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0018] The following figures form part of the present
specification and are included to further demonstrate cer-
tain 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.

FIG. 1 illustrates a bottom view of an exemplary hy-
brid drill bit constructed in accordance with certain
aspects of the present disclosure;

FIG. 2 illustrates a side view of the hybrid drill bit of
FIG. 1 constructed in accordance with certain as-
pects of the present disclosure;

FIG. 3 illustrates a side view of the hybrid drill bit of
FIG. 1 constructed in accordance with certain as-
pects of the present disclosure;

FIG. 4 illustrates composite rotational side view of
the roller cone inserts and the fixed cutting elements
on the hybrid drill bit of FIG. 1 constructed in accord-
ance with certain aspects of the present disclosure,
and interfacing with the formation being drilled;

FIG. 5 illustrates a side, partial cut-away view of an
exemplary roller cone drill bit in accordance with cer-
tain aspects of the present disclosure;

FIGs. 6-7 illustrate exemplary bottom hole patterns
for single and multiple revolutions, respectively, of a
drill bit having good cutting efficiency;

FIG. 8 illustrates an exemplary bottom hole pattern

for multiple revolutions of a drill bit having poor cut-
ting efficiency;

FIG. 9A illustrates an exemplary diagram showing a
relationship between sections of overlapping kerfs
and craters, with the kerfs shown as straight to more
readily understand the present disclosure;

FIG. 9B illustrates an exemplary diagram showing a
relationship between sections of significantly over-
lapping kerfs and craters, with the kerfs shown as
straight to more readily understand the present dis-
closure;

FIG. 9C illustrates a diagram showing a relationship
between sections of substantially overlapping kerfs
and craters, with the kerfs shown as straight to more
readily understand the present disclosure;

FIG. 9D illustrates a diagram showing a relationship
between sections of completely overlapping kerfs
and craters, with the kerfs shown as straight to more
readily understand the present disclosure;

FIG. 10A illustrates a diagram showing a relationship
between overlapping craters created by correspond-
ing rows of cutters, shown in a straight line to more
readily understand the present disclosure;

FIG. 10B illustrates a diagram showing a relationship
between significantly craters formed by correspond-
ing rows of cutters, shown in a straight line to more
readily understand the present disclosure;

FIG. 10C illustrates a diagram showing a relationship
between substantially craters formed by correspond-
ing rows of cutters, shown in a straight line to more
readily understand the present disclosure;

FIG. 10D illustrates a diagram showing a relationship
between completely craters formed by correspond-
ing rows of cutters, shown in a straight line to more
readily understand the present disclosure;

FIG. 11A illustrates a diagram showing two rows of
craters formed by rows of cutters, with the rows of
cutters having different cutter pitches, shown in a
straight line to more readily understand the present
disclosure;

FIG. 11B illustrates another diagram showing two
rows of craters formed by rows of cutters, with the
rows of cutters having different cutter pitches, shown
in a straight line to more readily understand the
present disclosure;

FIG. 11C illustrates a diagram showing two rows of
craters formed by rows of cutters, with one of the
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rows of cutters having two different cutter pitches,
shown in a straight line to more readily understand
the present disclosure;

FIGs. 12A - 12B illustrate cross-sectional views of
exemplary roller cones in accordance with the
present disclosure;

FIG. 13 illustrates a cross-sectional view of two cor-
responding rows of cutters, having at least similar
offsets from a central axis of the bit, each on separate
roller cones, with the rows of cutters having different
cutter pitches;

FIG. 14 illustrates a cross-sectional view of two cor-
responding rows of cutters, having at least similar
offsets from a central axis of the bit, each on separate
roller cones, with one of the rows of cutters having
two different cutter pitches; and

FIG. 15 illustrates a cross-sectional view of two cor-
responding rows of cutters, having at least similar
offsets from a central axis of the bit, each on separate
roller cones, with the roller cones having a different
diameter and the rows of cutters having different cut-
ter pitches.

FIG. 16 illustrates a bottom view of an exemplary
earth boring drill bit in accordance with embodiments
the present disclosure, wherein one of the cones is
not intermeshed with the other cones;

FIG. 17 illustrates a bottom view of an exemplary
earth boring drill bit in accordance with embodiments
of the present disclosure, wherein one of the cones
is of a different diameter and hardness than the other
cones;

FIG. 18 illustrates a bottom view of an exemplary
hybrid-type earth boring drill bit in accordance with
embodiments of the present disclosure, wherein one
of the cones is of a different diameter and has cutters
with varied pitches than the other cones.

FIG. 19 illustrates a partial view of an exemplary
IADC bit classification chart.

[0019] While the inventions disclosed herein are sus-
ceptible 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 ap-
pended 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.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The Figures described above and the written
description of specific structures and functions below are
not presented to limit the scope of what Applicants 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 to make and use the inven-
tions for which patent protection is sought. Those skilled
in the art will appreciate that not all features of a com-
mercial 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 as-
pects of the present inventions will require numerous im-
plementation-specific decisions to achieve the develop-
er’s ultimate goal for the commercial embodiment. Such
implementation-specific decisions may include, and like-
ly are not limited to, compliance with system-related,
business-related, government-related and other con-
straints, which may vary by specific implementation, lo-
cation 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 un-
dertaking for those of skill in this art having benefit of this
disclosure. It must be understood that the inventions dis-
closed 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 as, but not limited to,
"top," "bottom," "left," "right," "upper," "lower," "down,"
"up," "side," "first," "second," and the like are used in the
written description for clarity in specific reference to the
Figures and are not intended to limit the scope of the
invention or the appended claims.
[0021] Typically, one or more cones on an earth-boring
drill bit will rotate at different roll ratios during operation
depending on a variety of parameters, including bottom
hole pattern, spud-in procedures, changes in formation
being drilled, and changes in run parameters. These
changes in rotation, as well as other factors such as the
arrangement of cutting teeth on the cones, can lead to
bit tracking. In order to reduce tracking, a system is re-
quired that is not restricted to a single roll ratio during
operation. Applicants have created earth-boring drill bits
with at least two roller cones of different diameters and
preferably also utilizing different cutter pitches on sepa-
rate, or adjacent, cones.
[0022] Referring to FIGS. 1-3, one embodiment of an
exemplary earth-boring hybrid drill bit 11 in accordance
with the present disclosure is shown. FIG. 1 illustrates
an exemplary bottom view of a hybrid drill bit in accord-
ance with the present disclosure. FIG. 2 illustrates an
exemplary side view of the drill bit of FIG. 1. FIG. 3 illus-
trates an exemplary side view of the drill bit shown in
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FIG. 2, rotated 90°. FIG. 4 illustrates composite rotational
side view of the roller cone inserts and the fixed cutting
elements on the hybrid drill bit of FIG. 1. These figures
will be discussed in conjunction with each other. Select
components of the drill bit may be similar to that shown
in U.S. Patent Application Publication No. 20080264695,
U.S. Patent Application Publication No. 20080296068,
and/or U.S. Patent Application Publication No.
20090126998.
[0023] As illustrated in FIGs. 1-3, the earth-boring drill
bit 11 comprises a bit body 13 having a central longitu-
dinal axis 15 that defines an axial center of the bit body
13. Hybrid bit 11 includes a bit body 13 that is threaded
or otherwise configured at its upper extent 12 for con-
nection into a drill string. The drill bit 11 may comprise
one or more roller cone support arms 17 extending from
the bit body 13 in the axial direction. The support arms
17 may either be formed as an integral part of the bit
body 13 or attached to the exterior of the bit body in pock-
ets (not shown). Each of the support arms may be de-
scribed as having a leading edge, a trailing edge, an ex-
terior surface disposed therebetween, and a lower shirt-
tail portion that extends downward away from the upper
extent 12 of the bit, and toward the working face of the
bit. The bit body 13 may also comprise one or more fixed
blades 19 that extend in the axial direction. Bit body 13
may be constructed of steel, or of a hard-metal (e.g.,
tungsten carbide) matrix material with steel inserts. The
drill bit body 13 also provides a longitudinal passage with-
in the bit (not shown) to allow fluid communication of drill-
ing fluid through jetting passages and through standard
jetting nozzles (not shown) to be discharged or jetted
against the well bore and bore face through nozzle ports
18 adjacent the drill bit cutter body 13 during bit operation.
In one embodiment of the present disclosure, the centers
of the arms 17 and fixed blades 19 are symmetrically
spaced apart from each other about the axis 15 in an
alternating configuration. In another embodiment, the
centers of the arms 17 and fixed blades 19 are asym-
metrically spaced apart from each other about the axis
15 in an alternating configuration. For example, the arms
17 may be closer to a respectively leading fixed blade
19, as opposed to the respective following fixed blade
19, with respect to the direction of rotation of the bit 11.
Alternatively, the arms 17 may be closer to a respectively
following fixed blade 19, as opposed to the respective
leading fixed blade 19, with respect to the direction of
rotation of the bit 11.
[0024] The drill bit body 13 also provides a bit breaker
slot 14, a groove formed on opposing lateral sides of the
bit shank to provide cooperating surfaces for a bit breaker
slot in a manner well known in the industry to permit en-
gagement and disengagement of the drill bit with the drill
string (DS) assembly.
[0025] Roller cones 21 are mounted to respective ones
of the arms 17. Each of the roller cones 21 may be trun-
cated in length such that the distal ends of the roller cones
21 are radially spaced apart from the axial center 15 (FIG.

1) by a minimal radial distance 24. A plurality of roller
cone cutting inserts or elements 25 are mounted to the
roller cones 21 and radially spaced apart from the axial
center 15 by a minimal radial distance 28. The minimal
radial distances 24, 28 may vary according to the appli-
cation, and may vary from cone to cone, and/or cutting
element to cutting element.
[0026] In addition, a plurality of fixed cutting elements
31 are mounted to the fixed blades 19, 19’. At least one
of the fixed cutting elements 31 may be located at the
axial center 15 of the bit body 13 and adapted to cut a
formation at the axial center. Also, a row or any desired
number of rows of back-up cutters 33 may be provided
on each fixed blade cutter 19, 19’ between the leading
and trailing edges thereof. Back-up cutters 33 may be
aligned with the main or primary cutting elements 31 on
their respective fixed blade cutters 19, 19’ so that they
cut in the same swath or kerf or groove as the main or
primary cutting elements on a fixed blade cutter. Alter-
natively, they may be radially spaced apart from the main
fixed-blade cutting elements so that they cut in the same
swath or kerf or groove or between the same swaths or
kerfs or grooves formed by the main or primary cutting
elements on their respective fixed blade cutters. Addi-
tionally, back-up cutters 33 provide additional points of
contact or engagement between the bit 11 and the for-
mation being drilled, thus enhancing the stability of hybrid
bit 11. Examples of roller cone cutting elements 25, 27
and fixed cutting elements 31, 33 include tungsten car-
bide inserts, cutters made of super hard material such
as polycrystalline diamond, and others known to those
skilled in the art.
[0027] The term "cone assembly" as used herein in-
cludes various types and shapes of roller cone assem-
blies and cutter cone assemblies rotatably mounted to a
support arm. Cone assemblies may also be referred to
equivalently as "roller cones" or "cutter cones." Cone as-
semblies may have a generally conical exterior shape or
may have a more rounded exterior shape. Cone assem-
blies associated with roller cone drill bits generally point
inwards towards each other or at least in the direction of
the axial center of the drill bit. For some applications,
such as roller cone drill bits having only one cone assem-
bly, the cone assembly may have an exterior shape ap-
proaching a generally spherical configuration.
[0028] The term "cutting element" as used herein in-
cludes various types of compacts, inserts, milled teeth
and welded compacts suitable for use with roller cone
and hybrid type drill bits. The terms "cutting structure"
and "cutting structures" may equivalently be used in this
application to include various combinations and arrange-
ments of cutting elements formed on or attached to one
or more cone assemblies of a roller cone drill bit.
[0029] As shown in FIG. 4, the roller cone cutting ele-
ments 25, 27 and the fixed cutting elements 31, 33 com-
bine to define a cutting profile 41 that extends from the
axial center 15 to a radially outermost perimeter, or gage
section, 43 with respect to the axis. In one embodiment,
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only the fixed cutting elements 31 form the cutting profile
41 at the axial center 15 and the radially outermost pe-
rimeter 43. However, the roller cone cutting elements 25
overlap with the fixed cutting elements 31 on the cutting
profile 41 between the axial center 15 and the radially
outermost perimeter 43. The roller cone cutting elements
25 are configured to cut at the nose 45 and shoulder 47
of the cutting profile 41, where the nose 45 is the leading
part of the profile (i.e., located between the axial center
15 and the shoulder 47) facing the borehole wall and
located adjacent the gage 43.
[0030] Thus, the roller cone cutting elements 25, 27
and the fixed cutting elements 31, 33 combine to define
a common cutting face 51 (FIGS. 2 and 3) in the nose
45 and shoulder 47, which are known to be the weakest
parts of a fixed cutter bit profile. Cutting face 51 is located
at a distal axial end of the hybrid drill bit 11. At least one
of each of the roller cone cutting elements 25, 27 and the
fixed cutting elements 31, 33 extend in the axial direction
at the cutting face 51 at a substantially equal dimension
and, in one embodiment, are radially offset from each
other even though they axially align. However, the axial
alignment between the distal most elements 25, 31 is not
required such that elements 25, 31 may be axially spaced
apart by a significant distance when in their distal most
position. For example, the bit body has a crotch 53 (FIG.
3) defined at least in part on the axial center between the
arms 17 and the fixed blades 19, 19’.
[0031] In one embodiment, the fixed cutting elements
31, 33 are only required to be axially spaced apart from
and distal (e.g., lower than) relative to the crotch 53. In
another embodiment, the roller cones 21, 23 and roller
cone cutting elements 25, 27 may extend beyond (e.g.,
by approximately 0.060-inches) the distal most position
of the fixed blades 19, 19’ and fixed cutting elements 31,
33 to compensate for the difference in wear between
those components. As the profile 41 transitions from the
shoulder 47 to the perimeter or gage of the hybrid bit 11,
the rolling cutter inserts 25 are no longer engaged (see
FIG. 4), and multiple rows of vertically-staggered (i.e.,
axially) fixed cutting elements 31 ream out a smooth bore-
hole wall. Rolling cone cutting elements 25 are much less
efficient in reaming and would cause undesirable bore-
hole wall damage.
[0032] As the roller cones 21, 23 crush or otherwise
work through the formation being drilled, rows of the roller
cone cutting elements, or cutters, 25, 27 produce kerfs,
or trenches. These kerfs are generally circular, because
the bit 11 is rotating during operation. The kerfs are also
spaced outwardly about a center line of the well being
drilled, just as the rows of the rolling cone cutters 25, 27
are spaced from the central axis 15 of the bit 11. More
specifically, each of the cutters 25, 27 typically form one
or more craters along the kerf produced by the row of
cutters to which that cutter 25, 27 belongs.
[0033] Referring to FIG. 5, an exemplary earth-boring
bit 111 of the roller-cone type in accordance with aspects
of the present disclosure is generally illustrated, the bit

111 having a bit body 113 with one or more bit legs 127
depending from the bit body. Bit body 113 has a set of
threads 115 at its upper end for connecting the bit into a
drill string (not shown). As generally shown in the figure,
the bit leg may have a generally circumferentially extend-
ing outer surface, a leading side, and a trailing side. Bit
body 111 has a number of lubricant compensators 117
for reducing the pressure differential between lubricant
in the bit and drilling fluid pressure on the exterior of the
bit. At least one nozzle 119 is provided in bit body 113
for directing pressurized drilling fluid from within the drill
string to return cuttings and cool bit 111. One or more
cutters or cones 121 are rotatably secured to bit body
113 on a cantilevered bearing shaft 120 depending in-
wardly from the bit let. Typically, each bit 111 of the rolling
cone type (also termed "tricone" bits) has three cones
121, 123, 125 rotatably mounted to the bit body 113 via
bit leg 127, and one of the cones 121 is partially obscured
from view in FIG. 5. A shirttail region 129 of the bit is
defined along an edge of the bit leg that corresponds with
the cone. The bit legs and/or bit body may also optionally
include one or more gauge sections 128 having a face
which contact the walls of the borehole that has been
drilled by the bit 111, and which preferably carry one or
more gauge cutters 137 (such as polycrystalline diamond
compact cutters) for cutting the sides of the borehole,
such as during directional or trajectory-type drilling op-
erations.
[0034] Each cone 121 has a generally conical config-
uration containing a plurality of cutting teeth or inserts
131 arranged in generally circumferential rows, such as
the heel row, inner role, gauge row, and the like. In ac-
cordance with certain embodiments of the disclosure,
teeth 131 can be machined or milled from the support
metal of cones 121, 123, 125. Alternately, teeth 131 may
be tungsten carbide compacts that are press-fitted into
mating holes in the support metal of the cone. Each cone
121, 123, 125 also includes a gage surface 135 at its
base that defines the gauge or diameter of bit 111, and
which may include a circumferential row of cutter inserts
137 known as gauge row cutters or trimmers, as well as
other cutting elements such as gauge compacts having
a shear cutting bevel (not shown).
[0035] As generally illustrated in FIG. 5, bit body 113
of exemplary roller-cone bit 111 is made up of three head
sections welded together. Each head section has a bit
leg 127 that extends downward from body 113 and sup-
ports one of the cones 121, 123, 125. Bit legs 127 and
head sections have outer surfaces that are segments of
a circle that define the outer diameter of bit 111. Re-
cessed areas 129 are located between each bit leg 127,
the recessed areas being less than the outer diameter
of body 113 so as to create channels for the return of
drilling fluid and cuttings during bit operation.
[0036] For example, FIG. 6 shows the initial cuts 150,
153, and 156 made by cutting elements on the first, sec-
ond, and third cones 121, 123, and 125, respectively,
after a single revolution of an exemplary drill bit, such as
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the drill bit 111 of FIG. 5. FIG. 7 generally illustrates the
cuts 151, 154, 157 formed by the respective cones after
two revolutions of the bit. A bit can be simulated over a
broad range of roll ratios and cutter angles, as appropri-
ate, to better define the performance of the bit in a more
general sense.
[0037] An efficiency of a cone can be determined by
evaluating the total area on bottom that the cone removed
from the bottom hole compared to the maximum and min-
imum areas that were theoretically possible. The mini-
mum area is defined as the area that is cut during a single
bit revolution at a fixed roll ratio. In order for a cone to
cut this minimum amount of material, it must track per-
fectly into the previous cuts on every subsequent revo-
lution. A cone that removed the minimum area is defined
to have zero (0%) efficiency. For purposes of illustration
only, an exemplary depiction of a drill bit having a very
low efficiency is depicted in FIG. 8, which represent three
revolutions of the bit. As can be seen in this general view,
the areas 160, 163, 166 cut by the three respective cones
over three revolutions vary by only a small amount.
[0038] The maximum area is defined as the area that
is removed if every cutting element removes the theoret-
ical maximum amount of material. This means that on
each revolution, each cutting element does not overlap
an area that has been cut by any other cutting element.
A cone that removes the maximum material is defined to
have 100% efficiency. An example of a drill bit having a
high degree of efficiency is depicted in FIGS. 6-7, which
represent one and three revolutions of the bit, respec-
tively.
[0039] Cone efficiency for any given cone is a linear
function between these two boundaries. Bits that have
cones with high efficiency over a range of roll ratios will
drill with less tracking and therefore higher rate of pene-
tration (ROP) of the formation. In one embodiment, the
lowest efficiencies for a cone are increased by modifying
the spacing arrangement or otherwise moving cutting el-
ements to achieve greater ROP. In another embodiment,
the average efficiency of a cone is increased to achieve
greater ROP.
[0040] Referring to FIGs. 9-10, tracking is where a first
kerf 100a produced by a first row of cutters 25, on one
of the roller cones 21, overlaps with a second kerf 100b
produced by second row of cutters 27, such as on another
of the roller cones 23. More severe tracking is where
craters 102b formed by the cutters 27 of the second row
of cutters 25 actually overlap with craters 102a formed
by the cutters 25 of the first row of cutters 25. In this case,
the second row of cutters 25, and possibly the second
roller cone 21, provides a reduced contribution to the
overall rate of penetration (ROP) of the bit 11. Addition-
ally, tracking may actually lead to more rapid wear of the
roller cones 21 and 23.
[0041] In FIGs. 9A-9D, the kerfs 100a, 100b (as illus-
trated generally in FIG. 6) have been straightened, and
only portions of the kerfs 100a,100b are shown, to more
readily show the relationship between two kerfs

100a,100b and two sets of craters 102a,102b. As shown
in FIG. 9A, the kerfs 100a,100b may simply have some
small degree (e.g., less than about 25 %) of overlap. This
is referred to as general overlap, or overlapping. In this
case, the rows of cutters 25, 27 on the cones 21, 23 that
create the kerfs 100a,100b are similarly offset from the
central axis 15 of the bit, and therefore the rows may be
referred to as having similar offset, or being similarly off-
set, from the central axis 15. As shown in FIG. 9B, the
kerfs may overlap by about 50% or more. This is referred
to as "significant overlap," or significantly overlapping.
Because the rows that create the kerfs are offset from
the central axis 15 of the bit, this may also be referred to
as about equal offset, or about equally offset, from the
central axis 15. As shown in FIG. 9C, the exemplary kerfs
102a, 102b may overlap by about 75% or more. This is
referred to as "substantial overlap," or substantially over-
lapping. Because the rows that create the kerfs are offset
from the central axis 15 of the bit, this may also be referred
to as a substantial equal offset, or substantially equally
offset, from the central axis 15 of the bit 11. As shown in
FIG. 9D, the kerfs 102a, 102b may also overlap by about
95-100%. This is referred to as "substantially complete
overlap," or substantially completely overlapping. Be-
cause the rows that create the kerfs are offset from the
central axis 15 of the bit, this may also be referred to as
an "equal offset," or equally offset, from the central axis
15 of the drill bit.
[0042] The same may be said of the crater overlap
formed by the cutters 25, 27 on the cones 21, 23, i.e. an
overlap of about 50% or more is referred to as "significant
overlap" with about equal offset, from the central axis;
an overlap of about 75% or more is referred to as a "sub-
stantial overlap" with substantially equal offset from the
central axis 15; and an overlap of about 95-100% overlap
is referred to as a "substantially complete overlap" with
equal offset from the central axis 15, as shown in FIGs.
10A-10D. While the rows of craters 102a,102b are shown
with primarily lateral overlap, the overlap may be longi-
tudinal or a combination of lateral and longitudinal over-
lap, as is better shown in FIGs. 11A-11C.
[0043] One possible approach to reducing consistent
overlap is to vary the pitch, or distance between the cut-
ters 25, on one or both of the roller cones 21. For example,
as shown in FIG. 11A, FIG. 11B and FIG. 11C, the first
roller cone 21 may have one or more rows of cutters 25
with a different cutter pitch than the second roller cone
23, or an overlapping row of cutters 27 on the second
roller cone 23. In FIGs. 11A-11C, the rows of craters
102a,102b that would be formed by the rows of cutters
25, 27 have been straightened to more readily show the
relationship between two kerfs 100a,100b and two sets,
or rows, of craters 102a,102b. In any case, the first kerf,
or row of craters 102a, produced by the first row of cutters
25, on the first roller cone 21, may overlap with the second
kerf, or row of craters 102b, produced by the second row
of cutters 27, on the second roller cone 23, but the craters
formed by the cutters 25 would not necessarily consist-
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ently overlap substantially, or even significantly. Rather,
with uniform but different cutter pitches, the overlap
would be variable, such that some craters 102a,102b
overlap completely while other craters 102a,120b have
no overlap. Thus, even with complete kerf tracking, i.e.
the kerfs completely overlapping, the craters would over-
lap to some lesser, varying degree. In this case, some
craters may completely overlap, while some craters
would not overlap at all.
[0044] As is evident from the above, varying the pitch
between cutters, the pitch angle, and/or the diameter of
the cones on the same drill bit can reduce or eliminate
unwanted bit tracking during bit operation. Referring to
FIG. 12A and FIG. 12B, cross-sectional views of an ex-
emplary conical rolling cone 121, and an exemplary frus-
to-conical rolling cone 21 are illustrated, showing several
dimensional features in accordance with the present dis-
closure. For example, the diameter d1 of cone 121 is the
widest distance across the cone, near the base of the
cone, perpendicular to the central axis of the cone, α1.
Mathematically, the diameter d1 of roller cone 21 can be
determined by measuring the angle (β) between the ver-
tical axis, α1, and a line drawn along the sloping side, S1.
The radius, R1, of cone 121 can then be determined as
the tangent of the height of the cone 121, and so the
diameter d1 of cone 121 can be expressed mathemati-
cally as follows: d1 = 2 x height x tan(β). For the frusto-
conical cone 21, such as illustrated with hybrid drill bit 11
in FIG. 1, the diameter of the bit (d2) as used herein refers
to the distance between the widest outer edges of the
cone itself.
[0045] FIG. 12 also illustrates the pitch of the cutters
25 and 125 on the cones 21 and 121, in accordance with
the present disclosure. The pitch is defined generally
herein to refer to the spacing between cutting elements
in a row on a face of a roller cone. For example, the pitch
may be defined as the straight line distance between cen-
terlines at the tips of adjacent cutting elements, or, alter-
natively, may be expressed by an angular measurement
between adjacent cutting elements in a generally circular
row about the cone axis. This angular measurement is
typically taken in a plane perpendicular to the cone axis.
When the cutting elements are equally spaced in a row
about the conical surface of a cone, the arrangement is
referred to as having an "even pitch" (i.e., a pitch angle
equal to 360° divided by the number of cutting elements).
When the cutting elements are unequally spaced in a
row about the conical surface of a cone, the arrangement
is referred to as having an "uneven pitch". In accordance
with certain aspects of the present disclosure, the term
"pitch" can also refer to either the "annular pitch" or the
"vertical pitch", as appropriate. The term "annular pitch"
refers to the distance from the tip of one cutting element
on a row of a rolling cone to the tip of an adjacent cutting
element on the same or nearly same row. The term "ver-
tical pitch" refers to the distance from the tip of one cutting
element on a row of a rolling cone (such as cone 21 or
121) to the tip of the closest cutting element on the next

vertically-spaced row on the cone, such as illustrated by
r1 and r2 on FIG. 12. Often the pitch on a rolling cone is
equal, but sometimes follows a pattern of greater than
and less than a equal pitch number. The term "pitch an-
gle," as used herein, is the angle of attack of the teeth
into the formation, which can be varied tooth to tooth to
suit the type of formation being drilled.
[0046] For example, the first cutter pitch may be 25%
larger than the second cutter pitch. In other words, the
cutters 25 may be spaced 25% further apart with the first
cutter pitch when compared to the second cutter pitch.
Alternatively, the first cutter pitch may be 50% larger than
the second cutter pitch. In still another alternative, the
first cutter pitch may be 75% larger than the second cutter
pitch. In other embodiments, the first cutter pitch may be
different than the second cutter pitch by some amount
between 25% and 50%, between 50% and 75%, or be-
tween 25% and 75%.
[0047] Of course, the first cutter pitch may be smaller
than the second cutter pitch, by 25%, 50%, 75%, or some
amount therebetween, as shown in FIG. 11B and FIG
13. More specifically, as shown in FIG. 11B and FIG. 13,
a first row of cutters 25 on the first roller cone 21a may
use the first cutter pitch and a second row of cutters 27
on the second roller cone 23b may use the second, larger
cutter pitch, or spacing between the cutters 27. Thus,
even where the first and second rows of cutters 25, 27
contribute to the same kerf 100, the rows of cutters 25,
27 form craters 102a,102b that do not consistently over-
lap, or overlap to a lesser, varying degree.
[0048] As a further example, a first row of cutters 25
on the first roller cone 21 may use the first cutter pitch
and a second row of cutters 25 on the first roller cone 21
may use the second cutter pitch. Here, to further avoid
severe tracking, a first row of cutters 25 on the second
roller cone 21, corresponding to or otherwise overlapping
with the first row of cutters 25 on the first roller cone 21,
may use the second cutter pitch. Similarly, a second row
of cutters 25 on the second roller cone 21, corresponding
to or otherwise overlapping with the second row of cutters
25 on the first roller cone 21, may use the first cutter pitch.
Thus, no two corresponding, or overlapping, rows use
the same cutter pitch, and each roller cone has at least
one row of cutters 25 with the first cutter pitch and another
row of cutters 25 with the second cutter pitch.
[0049] Another possible approach would be for one or
more rows of cutters 25 on the first roller cone 21 to have
a different cutter pitch about its circumference. For ex-
ample, as shown in Fig. 11C and 14, a portion of the first
or second row of cutters 25, may use the first cutter pitch,
while the remaining two thirds of that row of cutters 25
may use the second cutter pitch. In this case, the other,
overlapping or corresponding, row of cutters 25 may use
the first cutter pitch, second cutter pitch, or a completely
different third cutter pitch. Of course, this may be broken
down into halves and/or quarters.
[0050] In another example, one third of the first row of
cutters 25, on the first roller cone 21, may use the first
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cutter pitch, another one third of the first row of cutters
25 may use the second cutter pitch, and the remaining
one third of the first row of cutters 25 may use the third
cutter pitch. In this case, the other, overlapping or corre-
sponding, row of cutters 25 may use the first cutter pitch,
second cutter pitch, the third cutter pitch, or a completely
different fourth cutter pitch.
[0051] Because the cutter pitch, or spacing/distance
between the cutters 25 can vary in this manner, the first
kerf produced by the first row of cutters 25, on the first
roller cone 21, may overlap with the second kerf produced
by the second row of cutters 25, on the second roller
cone 21, but the craters formed by the cutters 25 would
not necessarily consistently overlap substantially, or
even significantly. It should be apparent that if the first
row of cutters 25 has a greater cutter pitch when com-
pared to the second row, and the first and second rows,
or roller cones 21, have the same diameter, the first row
will have fewer cutters 25. Thus, this feature of the
present invention may be expressed in terms of cutter
pitch and/or numbers of cutters in a given row, presuming
uniform cutter spacing and diameter of the roller cone 21.
[0052] One of the problems associated with tracking
is if the cutters 25 continually, or consistently fall into
craters formed by other cutters 25, the roller cone 21
itself may come into contact with the formation, earth, or
rack being drilled. This contact may cause the roller cone
21 to wear prematurely. Therefore, one of the roller cones
21, 23 is of a different size, or diameter, as shown in FIG.
15. For example, the first roller cone 21 may be 5%, 10%,
25%, or some amount therebetween, larger or smaller
than the second roller cone 23. The cutters 25 and/or
cutter pitch may also be larger or smaller on the first roller
cone 21 when compared with the second roller cone 23.
[0053] Referring to FIGs. 16-18, exemplary cutting ar-
rangements in accordance with the present disclosure
are shown wherein such arrangements act to reduce the
tendency that a first group of cutting elements on the bits
will "track," i.e., fall or slide into impressions made by a
second group of cutting elements, and vice versa. FIG.
16 illustrates a top view of an exemplary cone arrange-
ment in accordance with aspects of the present disclo-
sure. FIG. 17 illustrates a top view of an alternative cone
arrangement with a cone having a smaller cone diameter.
FIG. 18 illustrates a top view of an exemplary cone ar-
rangement in a hybrid earth boring drill bit, wherein one
cone has a smaller diameter, and the cutter pitch is var-
ied. These figures will be discussed in conjunction with
each other.
[0054] FIG. 16 illustrates a top view of a roller cone
type drill bit 211, such as the type generally described in
FIG. 5, in accordance with aspects of the present disclo-
sure. Bit 211 includes three cones, cones 221, 223, and
225 attached to a bit body 213, and arranged about a
central axis 215. Each of the cones has a plurality of rows
of cutters 227, extending from the nose 231 to the gauge
row 237, with additional rows such as inner rows 235 and
heel rows 239 included as appropriate. The cones may

also optionally include trimmers 233 proximate to heel
row 239 on one or more of the cones. While cutters 227
in FIG. 16 (and FIG. 17) are shown generally as TCI-
insert type cutters, it will be appreciated that they may
be equivalently milled tooth cutters as appropriate, de-
pending upon the formation being drilled. As shown in
the figure, cones 221 and 223 are of a first diameter (e.g.,
7-7/8"), while the third cone 225 is of a second, smaller
diameter (i.e., 6-1/8"), such that the smaller diameter
cone 225 is not intermeshed with the other cones (221,
223). Additionally, different hardness cones may be used
within this same bit, such that the cones of a first diameter
have a first hardness (e.g., IADC 517), while the cone of
the second, smaller diameter has a second hardness that
is smaller than or greater than the first hardness (e.g.,
an IADC hardness of 647). Optionally, and equally ac-
ceptable, each of the cones on the bit may have a sep-
arate diameter, and a separate hardness, as appropriate.
[0055] In FIG. 17, a similar drill bit 211’ is illustrated,
wherein the bit 211’ includes first, second and third rolling
cones 221, 223, and 225 attached to a bit body 213 about
a central bit axis 215, each of the cones having a plurality
of cutting elements, or teeth, 227 attached or formed ther-
eon arranged in circumferential rows as discussed in ref-
erence to FIG. 16. As also shown in the figure, the third
rolling cone 225 is of a diameter different from (smaller
than) the diameter of the first and second cones 221,
223. Further, on at least one row of the third cone 225,
which is not intermeshed with the other cones 221, 223
about the central axis 215, cutters vary in their pitch within
a row, such as the pitch between cutter 229 and cutter
231 is less than the pitch between cutter 233 and cutter
231.
[0056] FIG. 18 illustrates a top view of the working face
of an exemplary hybrid drill bit 311 in accordance with
embodiments of the present disclosure. The hybrid bit
includes two or more rolling cutters (three are shown),
and two or more (three are shown) fixed cutter blades.
A rolling cutter 329, 331, 333 is mounted for rotation (typ-
ically on a journal bearing, but rolling-element or other
bearings may be used as well) on each bit leg 317, 319,
321. Each rolling-cutter 329, 331, 333 has a plurality of
cutting elements 335, 337, 339 arranged in generally cir-
cumferential rows thereon. In between each bit leg 317,
319, 321, at least one fixed blade cutter 323, 325, 327
depends axially downwardly from the bit body. A plurality
of cutting elements 341, 343, 345 are arranged in a row
on the leading edge of each fixed blade cutter 323, 325,
327. Each cutting element 341, 343, 345 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 secured to the leading edge of each
fixed blade cutter. Thermally stable polycrystalline dia-
mond (TSP) or other conventional fixed-blade cutting el-
ement materials may also be used. Each row of cutting
elements 341, 343, 345 on each of the fixed blade cutters
323, 325, 327 extends from the central portion of bit body
to the radially outermost or gage portion or surface of bit
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body. In accordance with aspects of the present disclo-
sure, one of the frusto-conical rolling cutters, cutter 333,
has a diameter that is different (in this case, smaller than)
the diameters of the other rolling cutters. Similarly, the
various circumferential rows of cutting elements on one
or more of the rolling cutters have varied pitches between
cutter elements, as shown. That is, the pitch between
cutting element 335 and 335’ is shown to be greater than
the pitch between cutting element 335’ and 335".
[0057] In further accordance with aspects of the
present disclosure, the earth boring bit itself, and in par-
ticular the roller cones associated with the bit (e.g., bit
11 or 111) and having at least two roller cones with var-
ying pitches, pitch angles and/or cone diameters with re-
spect to each other (e.g. the exemplary bits of FIG. 16,
FIG. 17 or FIG. 18), may be configured such that it has
different hardness cones within the same bit. For exam-
ple, referring to the exemplary bit of FIG. 16, cones 221
and 223 may be of a first hardness (e.g., an IADC clas-
sification of 517), while the third, smaller diameter cone
225 may have a second hardness (e.g., an IADC classi-
fication of 647), such that different hardness cones are
used within the same drill bit. Thus, in accordance with
further aspects of the present disclosure, two or more
cones within the same drill bit may have different hard-
nesses as measured by the IADC standard. For example,
cones may have varying IADC hardness classifications
within the range of 54 to 84, or alternatively, have varying
IADC series classifications ranging from series 1 to series
8 (as set out in FIG. 19), including series 1, series 2,
series 3, series 4, series 5, series 6, series 7, or series
8, inclusive. Those skilled in the art will appreciate that
the International Association of Drilling Contractors
(IADC) has established a bit classification system for the
identification of bits suited for particular drilling applica-
tions, as described in detail in "The IADC Roller Bit Clas-
sification System," adapted from IADC/SPE Paper
23937, presented Feb. 18-21, 1992. According to this
system, each bit falls within a particular 3-digit IADC bit
classification. The first digit in the IADC classification des-
ignates the formation "series" which indicates the type of
cutting elements used on the roller cones of the bit as
well as the hardness of the formation the bit is designed
to drill. As shown for example in FIG. 19, a "series" in the
range 1-3 designates a milled or steel tooth bit for soft
(1), medium (2) or hard (3) formations, while a "series"
in the range 4-8 designates a tungsten carbide insert
(TCI) bit for varying formation hardnesses with 4 being
the softest and 8 the hardest. The higher the series
number used, the harder the formation the bit was de-
signed to drill. As further shown in FIG. 19, a "series"
designation of 4 designates TCI bits designed to drill soft-
er earth formations with low compressive strength. Those
skilled in the art will appreciate that such bits typically
maximize the use of both conical and/or chisel inserts of
large diameters and high projection combined with max-
imum cone offsets to achieve higher penetration rates
and deep intermesh of cutting element rows to prevent

bit balling in sticky formations. On the other hand, as also
shown in FIG. 19, a "series" designation of 8 designates
TCI bits designed to drill extremely hard and abrasive
formations. Those skilled in the art will appreciate that
such bits typically including more wear-resistant inserts
in the outer rows of the bit to prevent loss of bit gauge
and maximum numbers of hemispherical-shaped inserts
in the bottomhole cutting rows to provide cutter durability
and increased bit life.
[0058] The second digit in the IADC bit classification
designates the formation "type" within a given series
which represents a further breakdown of the formation
type to be drilled by the designated bit. As further shown
in FIG. 19, for each of series 4 to 8, the formation "types"
are designated as 1 through 4. In this case, "1" represents
the softest formation type for the series and type "4" rep-
resents the hardest formation type for the series. For ex-
ample, a drill bit having the first two digits of the IADC
classification as "63" would be used to drill harder forma-
tion than a drill bit with an IADC classification of "62".
Additionally, as used herein, an IADC classification range
indicated as "54-84" (or "54 to 84") should be understood
to mean bits having an IADC classification within series
5 (type 4), series 6 (types 1 through 4), series 7 (types 1
through 4) or series 8 (types 1 through 4) or within any
later-adopted IADC classification that describes TCI bits
that are intended for use in medium-hard formations of
low compressive strength to extremely bard and abrasive
formations. The third digit of the IADC classification code
relates to specific bearing design and gage protection
and is, thus, omitted herein as generally extraneous with
regard to the use of the bits and bit components of the
instant disclosure. A fourth digit letter code may also be
optionally included in IADC classifications, to indicate ad-
ditional features, such as center jet (C), Conical Insert
(Y), extra gage protection (G), deviation control (D), and
standard steel tooth (S), among other features. However,
for purposes of clarity, these indicia are also omitted here-
in as generally extraneous to the core concepts of the
instant disclosure.
[0059] Other and further embodiments utilizing one or
more aspects of the inventions described above can be
devised without departing from the scope of Applicant’s
invention. For example, any of the rows of cutters 25, 27
of bit 11 may actually utilize a varying cutter pitch and/or
a random cutter pitch and/or pitch angle to reduce track-
ing. Additionally, the different diameter and preferably
also different cutter pitches may be used with drill bits
having three or more roller cones. Further, the various
methods and embodiments of the present invention can
be included in combination with each other to produce
variations of the disclosed methods and embodiments.
Discussion of singular elements can include plural ele-
ments and vice-versa.
[0060] The order of steps can occur in a variety of se-
quences unless otherwise specifically limited. The vari-
ous steps described herein can be combined with other
steps, interlineated with the stated steps, and/or split into
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multiple steps. Similarly, elements have been described
functionally and can be embodied as separate compo-
nents or can be combined into components having mul-
tiple functions.
[0061] The inventions have been described in the con-
text of preferred and other embodiments and not every
embodiment of the invention has been described. Obvi-
ous modifications and alterations to the described em-
bodiments 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 fol-
lowing claims.

Claims

1. A drill bit (111) comprising:

a bit body (113) having a longitudinal central axis
(15);
at least one blade (19) extending from the bit
body (113);
a first and second arm (127) extending from the
bit body (113);
a first roller cone (121) rotatably secured to the
first arm;
a second roller cone (123) rotatably secured to
the second arm; and
characterised in that the first roller cone (121)
is larger in diameter than the second roller cone
(123).

2. The drill bit (111) of claim 1, wherein the first roller
cone (121) has a different cutter pitch than the sec-
ond roller cone (123).

3. The drill bit (111) of claim 1, wherein a cutter pitch
of the first roller cone is (121) 25% larger than a cutter
pitch of the second roller cone (123).

4. The drill bit (111) of claim 1, wherein the first roller
cone (121) includes two different cutter pitches.

5. The drill bit (111) of claim 1, wherein a row of cutters
on the first roller cone (121) is spaced at two different
cutter pitches.

6. The drill bit (111) of claim 1, wherein a first portion
of a row of cutters on the first roller cone (121) is
spaced at a first cutter pitch and a second portion of
the row of cutters on the first roller cone (121) is
spaced at a second, different cutter pitch.

7. The drill bit (111) of claim 1, wherein a row of cutters

on the first roller cone (121) is spaced at a first cutter
pitch along one third of its circumference and a sec-
ond, different cutter pitch along two thirds of its cir-
cumference.

8. The drill bit (111) of claim 1, wherein the first roller
cone (121) includes two different cutter pitches in a
single row of cutters.

9. The drill bit (111) of claim 1, wherein the first and
second roller cones (121,123) each have a row of
cutters substantially equally offset from the central
axis.

10. The drill bit (111) of claim 9, wherein the substantially
equally offset rows have different cutter pitches.

11. The drill bit (111) of claim 9, wherein the substantially
equally offset rows have different diameters.

12. The drill bit (111) of claim 1, wherein the first and
second roller cones (121,123) each have a row of
cutters similarly offset from the central axis such that
their kerfs overlap.

13. The drill bit (111) of claim 12, wherein the overlapping
rows have different cutter pitches.

14. The drill bit (111) of claim 12, wherein the overlapping
rows have different diameters.

Patentansprüche

1. Bohrmeißel (111), umfassend:

einen Bohrmeißelkörper (113) mit einer Längs-
mittelachse (15);
mindestens eine Klinge (19), die sich von dem
Meißelkörper (113) erstreckt;
einen ersten und einen zweiten Arm (127), die
sich von dem Meißelkörper (113) erstrecken;
einen ersten Rollenkegel (121), der drehbar an
dem ersten Arm befestigt ist;
einen zweiten Rollenkegel (123), der drehbar an
dem zweiten Arm befestigt ist; und
dadurch gekennzeichnet, dass der erste Rol-
lenkegel (121) einen größeren Durchmesser als
der zweite Rollenkegel (123) aufweist.

2. Bohrmeißel (111) nach Anspruch 1, wobei der erste
Rollenkegel (121) eine andere Schneidwerkzeug-
steigung als der zweite Rollenkegel (123) aufweist.

3. Bohrmeißel (111) nach Anspruch 1, wobei eine
Schneidwerkzeugsteigung des ersten Rollenkegels
(121) um 25% größer ist, als eine Schneidwerkzeug-
steigung des zweiten Rollenkegels (123).
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4. Bohrmeißel (111) nach Anspruch 1, wobei der erste
Rollenkegel (121) zwei verschiedene Schneidwerk-
zeugsteigungen aufweist.

5. Bohrmeißel (111) nach Anspruch 1, wobei eine Rei-
he von Schneidwerkzeugen auf dem ersten Rollen-
kegel (121) an zwei verschiedenen Schneidwerk-
zeugsteigungen beabstandet ist.

6. Bohrmeißel (111) nach Anspruch 1, wobei ein erster
Abschnitt einer Reihe von Schneidwerkzeugen auf
dem ersten Rollenkegel (121) an einer ersten
Schneidwerkzeugsteigung beabstandet ist und ein
zweiter Abschnitt der Reihe von Schneidwerkzeu-
gen auf dem ersten Rollenkegel (121) an einer zwei-
ten, verschiedenen Schneidwerkzeugsteigung be-
abstandet ist.

7. Bohrmeißel (111) nach Anspruch 1, wobei eine Rei-
he von Schneidwerkzeugen auf dem ersten Rollen-
kegel (121) an einer ersten Schneidwerkzeugstei-
gung entlang einem Drittel seines Umfangs und an
einer zweiten, verschiedenen Schneidwerkzeug-
steigung entlang zwei Dritteln seines Umfangs be-
abstandet ist.

8. Bohrmeißel (111) nach Anspruch 1, wobei der erste
Rollenkegel (121) zwei verschiedene Schneidwerk-
zeugsteigungen in einer einzelnen Reihe von
Schneidwerkzeugen aufweist.

9. Bohrmeißel (111) nach Anspruch 1, wobei der erste
und der zweite Rollenkegel (121, 123) jeweils eine
Reihe von Schneidwerkzeugen aufweist, die im We-
sentlichen gleichmäßig von der Mittelachse versetzt
sind.

10. Bohrmeißel (111) nach Anspruch 9, wobei die im
Wesentlichen gleichmäßig versetzten Reihen ver-
schiedene Schneidwerkzeugsteigungen aufweisen.

11. Bohrmeißel (111) nach Anspruch 9, wobei die im
Wesentlichen gleichmäßig versetzten Reihen ver-
schiedene Durchmesser aufweisen.

12. Bohrmeißel (111) nach Anspruch 1, wobei der erste
und der zweite Rollenkegel (121, 123) jeweils eine
Reihe von Schneidwerkzeugen aufweist, die in ähn-
licher Weise von der Mittelachse versetzt sind, so-
dass ihre Kerben überlappen.

13. Bohrmeißel (111) nach Anspruch 12, wobei die über-
lappenden Reihen verschiedene Schneidwerkzeug-
steigungen aufweisen.

14. Bohrmeißel (111) nach Anspruch 12, wobei die über-
lappenden Reihen verschiedene Durchmesser auf-
weisen.

Revendications

1. Trépan (111) comprenant :

un corps d’embout (113) ayant un axe central
longitudinal (15) ;
au moins une lame (19) s’étendant à partir du
corps d’embout (113) ;
un premier et un second bras (127) s’étendant
à partir du corps d’embout (113) ;
un premier cône de rouleau (121) fixé en rotation
au premier bras ;
un second cône de rouleau (123) fixé en rotation
au second bras ; et
caractérisé en ce que le premier cône de rou-
leau (121) est plus grand en diamètre que le
second cône de rouleau (123).

2. Trépan (111) selon la revendication 1, dans lequel
le premier cône de rouleau (121) a un pas de dispo-
sitif de coupe différent du second cône de rouleau
(123).

3. Trépan (111) selon la revendication 1, dans lequel
un pas de dispositif de coupe du premier cône de
rouleau est (121) 25 % plus grand qu’un pas de dis-
positif de coupe du second cône de rouleau (123).

4. Trépan (111) selon la revendication 1, dans lequel
le premier cône de rouleau (121) inclut deux pas de
dispositif de coupe différents.

5. Trépan (111) selon la revendication 1, dans lequel
une rangée de dispositifs de coupe sur le premier
cône de rouleau (121) est espacée au niveau de
deux pas de dispositif de coupe différents.

6. Trépan (111) selon la revendication 1, dans lequel
une première portion d’une rangée de dispositifs de
coupe sur le premier cône de rouleau (121) est es-
pacée à un premier pas de dispositif de coupe et une
seconde portion de la rangée de dispositifs de coupe
sur le premier cône de rouleau (121) est espacée à
un second pas de dispositif de coupe différent.

7. Trépan (111) selon la revendication 1, dans lequel
une rangée de dispositifs de coupe sur le premier
cône de rouleau (121) est espacée à un premier pas
de dispositif de coupe le long d’un tiers de sa circon-
férence et à un second pas de dispositif de coupe,
différent le long de deux tiers de sa circonférence.

8. Trépan (111) selon la revendication 1, dans lequel
le premier cône de rouleau (121) inclut deux pas de
dispositif de coupe différents dans une rangée uni-
que de dispositifs de coupe.

9. Trépan (111) selon la revendication 1, dans lequel
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les premier et second cônes de rouleau (121, 123)
ont chacun une rangée de dispositifs de coupe sen-
siblement décalée de manière égale par rapport à
l’axe central.

10. Trépan (111) selon la revendication 9, dans lequel
les rangées sensiblement décalées de manière éga-
le ont des pas de dispositif de coupe différents.

11. Trépan (111) selon la revendication 9, dans lequel
les rangées décalées sensiblement de manière éga-
le ont des diamètres différents.

12. Trépan (111) selon la revendication 1, dans lequel
les premier et second cônes de rouleau (121, 123)
ont chacun une rangée de dispositifs de coupe dé-
calée de manière similaire par rapport à l’axe central
de sorte que leurs entailles se chevauchent.

13. Trépan (111) selon la revendication 12, dans lequel
les rangées se chevauchant ont des pas de dispositif
de coupe différents.

14. Trépan (111) selon la revendication 12, dans lequel
les rangées se chevauchant ont des diamètres dif-
férents.
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