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TITLE OF THE INVENTION

HYBRID D RILL BIT WITH ANTI-TRACKING FEATURES

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims priority to U.S. Provisional Patent Application

Serial No. 61/359,606, filed June 29, 2010, the contents of which are

incorporated herein by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH O R

DEVELOPMENT

Not applicable.

REFERENCE TO APPENDIX

Not applicable.

BACKGROUND OF THE INVENTION

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 downhole

environments.

Description of the Related Art.

Roller cone drill bits are known, as are "hybrid"-type drill bits with both fixed

blades and roller cones. Roller 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, typically arranged in rows about the surface of

the individual cones. The cutting elements may typically comprise tungsten

carbide inserts, polycrystalline diamond compacts, milled steel teeth, or

combinations thereof.

Significant expense is involved in the design and manufacture of drill bits to

produce drill bits with increased 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 other, 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".

Adding to the complexity of roller cone bit designs, cutting elements disposed

on the cones of the roller 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 longevity of the bit. However, intermeshing cutting



elements on roller cone bits substantially constrains cutting element layout on

the bit, thereby, further complicating the designing of roller cone drill bits.

One prominent and recurring problem with many current roller cone drill bit

designs is that the resulting 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 "slipping." 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

cutting efficiency of the bit.

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. Because cutting

elements do not cut effectively when they fall or slide into previous

impressions made by other cutting 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-optimum 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 especially 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.

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 elements. In particular, tracking is inefficient because no fresh rock is

cut. It is additionally undesirable because tracking results in slowed rates of

penetration (ROP), detrimental 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 elements 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 especially true for cutting

elements on a drive row of a cone because the drive row generally governs

the rotation speed of the cone.

Given the importance of these issues, studies related to the quantitative

relationship between the overall 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 ( 1 989)]. A number of proposed

solutions exist for varying the orientation of cutting elements on a bit to

address these tracking concerns and problems. For example, 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 6,827,1 6 1 both disclose specific methods for designing

bits by simulating drilling with a bit to determine its drilling performance and

then adjusting the orientation of at least one non-axisymmetric cutting element

on the bit and repeating the simulating and determining until a performance



parameter is determined to be at an optimum value. The described

approaches also require the user to incrementally solve for the motions of

individual cones in an effort to potentially overcome tracking during actual bit

usage. Such complex simulations require substantial computation time and

may not always address other factors that can affect tracking and slippage,

such as the hardness of the rock type being drilled.

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 applications, 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

performance in these geological applications.

Prior approaches also exist for using different pitch patterns on a given row to

address tracking problems. 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 efficiency 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 pattern 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.

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.

While the above approaches are considered useful in particular specific

applications, typically directed to address drilling problems in a particular

geologic formation, in other applications the use of such varied cutting

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 sacrificing bit life or requiring increased time or

cost associated with design and manufacturing.

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 interrupt 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 fluctuations in cone rotational speed and increased bit

vibration. For example, U.S. Pat. No. 5,1 97,555 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 increased resistance to insert breakage

and/or increased rate of penetration."

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 during operation.



BRIEF SUMMARY OF THE INVENTION

Drill bits having at least two roller cones of different diameters and/or 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.

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 rotatably 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.

In accordance with a further 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 having a plurality of cutting elements arranged in generally

circumferential rows thereon; and a second roller cone rotatably secured to

the second arm and having a plurality of cutting elements arranged in

generally circumferential rows thereon, wherein the first roller cone has a

different cutter pitch than the second roller cone. In accordance with further

embodiments of this aspect, the first roller cone has a different cone 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.



ln further accordance with aspects of the present disclosure, an earth-boring

drill bit is described, the drill bit comprising a bit body; at least two bit legs

depending from the bit body and having a circumferentially extending outer

surface, a leading side and a trailing side; a first cone and a second cone

rotatably mounted on a cantilevered bearing shaft depending inwardly from

the bit legs; and, a plurality of cutters arranged circumferentially about the

outer surface of the cones, wherein the first cone and the second cone have

different cone diameters. In further accordance with this aspect of the

disclosure, the cutters associated with one or more of the cones may be of

varying pitches, pitch angles, and/or IADC hardnesses as appropriate so as to

reduce bit tracking during drilling operations. 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

The following figures form part of the present specification and are included to

further demonstrate 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.

FIG. 1 illustrates a bottom view of an exemplary hybrid 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 aspects of the present disclosure;

FIG. 3 illustrates a side view of the hybrid drill bit of FIG. 1 constructed in

accordance with certain aspects 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

accordance 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 certain 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 cutting 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 overlapping kerfs and craters, with the kerfs shown as

straight to more readily understand the present disclosure;

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 corresponding 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 corresponding 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 corresponding 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 corresponding 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. 1 B 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. C illustrates a diagram showing two rows of craters formed by rows of

cutters, with one of the 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 corresponding 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 corresponding 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 corresponding 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 cutter 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.

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.

DETAILED DESCRIPTION OF THE INVENTION

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 inventions for which patent protection is sought. Those skilled in

the art will appreciate that not all features 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 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 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.

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 required 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/or utilizing

different cutter pitches on separate, or adjacent, cones.

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 accordance with the

present disclosure. FIG. 2 illustrates an exemplary side view of the drill bit of

FIG. 1. FIG. 3 illustrates an exemplary side view of the drill bit shown in 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.

200901 26998, each of which are incorporated herein by specific reference.

As illustrated in FIGs. 1-3, the earth-boring drill bit 11 comprises a bit body 13

having a central longitudinal 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 connection 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 pockets (not shown). Each of the support arms may be described as

having a leading edge, a trailing edge, an exterior surface disposed

therebetween, and a lower shirttail 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 within the bit (not shown) to allow fluid

communication of drilling 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

asymmetrically 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.

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 engagement and

disengagement of the drill bit with the drill string (DS) assembly.

Roller cones 2 1 are mounted to respective ones of the arms 17 . Each of the

roller cones 2 1 may be truncated in length such that the distal ends of the

roller cones 2 1 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 2 1 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 application, and may vary from cone to cone,

and/or cutting element to cutting element.

In addition, a plurality of fixed cutting elements 3 1 are mounted to the fixed

blades 19 , 19'. At least one of the fixed cutting elements 3 1 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 3 1 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. Alternatively, 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. Additionally, back-up cutters 33 provide additional points

of contact or engagement between the bit 11 and the formation being drilled,

thus enhancing the stability of hybrid bit 11. Examples of roller cone cutting

elements 25, 27 and fixed cutting elements 3 1 , 33 include tungsten carbide

inserts, cutters made of super hard material such as polycrystalline diamond,

and others known to those skilled in the art.

The term "cone assembly" as used herein includes various types and shapes

of roller cone assemblies 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 assemblies may have a generally conical

exterior shape or may have a more rounded exterior shape. Cone assemblies

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 assembly, the

cone assembly may have an exterior shape approaching a generally spherical

configuration.

The term "cutting element" as used herein includes 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 arrangements of cutting elements formed on or attached to

one or more cone assemblies of a roller cone drill bit.

As shown in FIG. 4 , the roller cone cutting elements 25, 27 and the fixed

cutting elements 3 1 , 33 combine to define a cutting profile 4 1 that extends

from the axial center 15 to a radially outermost perimeter, or gage section, 43

with respect to the axis. In one embodiment, only the fixed cutting elements

3 1 form the cutting profile 4 1 at the axial center 15 and the radially outermost

perimeter 43. However, the roller cone cutting elements 25 overlap with the

fixed cutting elements 3 1 on the cutting profile 4 1 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 4 1,

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.

Thus, the roller cone cutting elements 25, 27 and the fixed cutting elements

3 1 , 33 combine to define a common cutting face 5 1 (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 5 1 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 3 1 , 33 extend in the axial direction at the cutting

face 5 1 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, 3 1 is not required such

that elements 25, 3 1 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'.

In one embodiment, the fixed cutting elements 3 1 , 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 2 1 , 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 3 1 ,

33 to compensate for the difference in wear between those components. As

the profile 4 1 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

3 1 ream out a smooth borehole wall. Rolling cone cutting elements 25 are

much less efficient in reaming and would cause undesirable borehole wall

damage.

As the roller cones 2 1 , 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.

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 extending 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 12 1 are rotatably secured to bit body 113 on a

cantilevered bearing shaft 120 depending inwardly from the bit let. Typically,

each bit 111 of the rolling cone type (also termed "tricone" bits) has three

cones 12 1 , 123, 125 rotatably mounted to the bit body 113 via bit leg 127, and

one of the cones 12 1 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 operations.

Each cone 12 1 has a generally conical configuration containing a plurality of

cutting teeth or inserts 13 1 arranged in generally circumferential rows, such

as the heel row, inner role, gauge row, and the like. In accordance with

certain embodiments of the disclosure, teeth 13 1 can be machined or milled

from the support metal of cones 12 1 , 123, 125. Alternately, teeth 13 1 may be

tungsten carbide compacts that are press-fitted into mating holes in the

support metal of the cone. Each cone 12 1 , 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).



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 supports one of the

cones 12 1 , 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.

Recessed 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.

For example, FIG. 6 shows the initial cuts 150, 153, and 156 made by cutting

elements on the first, second, and third cones 12 1 , 123, and 125,

respectively, after a single revolution of an exemplary drill bit, such as the drill

bit 111 of FIG. 5 . FIG. 7 generally illustrates the cuts 15 1 , 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 appropriate, to better

define the performance of the bit in a more general sense.

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 minimum areas that were theoretically possible. The minimum

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 perfectly into the previous cuts on every subsequent revolution. 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.

The maximum area is defined as the area that is removed if every cutting

element removes the theoretical 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, respectively.

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 penetration (ROP) of

the formation. In one embodiment, the lowest efficiencies for a cone are

increased by modifying the spacing arrangement or otherwise moving cutting

elements to achieve greater ROP. In another embodiment, the average

efficiency of a cone is increased to achieve greater ROP.

Referring to FIGs. 9-1 0 , tracking is where a first kerf 100a produced by a first

row of cutters 25, on one of the roller cones 2 1 , 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 2 1 , provides a reduced

contribution to the overall rate of penetration (ROP) of the bit 11. Additionally,

tracking may actually lead to more rapid wear of the roller cones 2 1 and 23.

In FIGs. 9A-9D, the kerfs 100a, 100b (as illustrated generally in FIG. 6) have

been straightened, and only portions of the kerfs 100a,1 00b 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 2 1 , 23 that create the kerfs 100a,1 00b 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 offset, 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 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 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 95-1 00%. This is referred to as "substantially

complete overlap," or substantially completely 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 an "equal offset," or equally offset, from the central axis 15 of

the drill bit.

The same may be said of the crater overlap formed by the cutters 25, 27 on

the cones 2 1 , 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 "substantial 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-1 0D. While the rows of

craters 102a, 102b are shown with primarily lateral overlap, the overlap may

be longitudinal or a combination of lateral and longitudinal overlap, as is better

shown in FIGs. 11A-1 1C.

One possible approach to reducing consistent overlap is to vary the pitch, or

distance between the cutters 25, on one or both of the roller cones 2 1 . For

example, as shown in FIG. 11A , FIG. 11B and FIG. 11C, the first roller cone

2 1 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-1 1C , 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, o r

rows, of craters 102a,1 02b. In any case, the first kerf, o r row of craters 102a,

produced by the first row of cutters 25, on the first roller cone 2 1 , may overlap

with the second kerf, o r 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 consistently overlap substantially, o r 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 overlap

to some lesser, varying degree. In this case, some craters may completely

overlap, while some craters would not overlap at all.

A s 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 o r

eliminate unwanted bit tracking during bit operation. Referring to FIG. 12A

and FIG. 12B, cross-sectional views of an exemplary conical rolling cone 12 1 ,

and an exemplary frusto-conical rolling cone 2 1 are illustrated, showing

several dimensional features in accordance with the present disclosure. For

example, the diameter d i of cone 12 1 is the widest distance across the cone,

near the base of the cone, perpendicular to the central axis of the cone, c - .

Mathematically, the diameter d i of roller cone 2 1 can be determined by

measuring the angle (β) between the vertical axis, cc-i, and a line drawn along

the sloping side, S-i. The radius, R-i, of cone 12 1 can then be determined as

the tangent of the height of the cone 12 1 , and so the diameter d i of cone 12 1

can be expressed mathematically as follows: d i = 2 x height x tan(P). For the

frusto-conical cone 2 1 , 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.



FIG. 12 also illustrates the pitch of the cutters 25 and 125 on the cones 2 1

and 12 1 , 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 centerlines at the tips of adjacent cutting elements, or,

alternatively, 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 "vertical pitch"

refers to the distance from the tip of one cutting element on a row of a rolling

cone (such as cone 2 1 or 12 1) to the tip of the closest cutting element on the

next vertically-spaced row on the cone, such as illustrated by r 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 angle," 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.

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 between 25% and 75%.

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. 1 B and

FIG 13 . More specifically, as shown in FIG. 11B and FIG. 13 , a first row of

cutters 25 on the first roller cone 2 1a 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 overlap,

or overlap to a lesser, varying degree.

As a further example, a first row of cutters 25 on the first roller cone 2 1 may

use the first cutter pitch and a second row of cutters 25 on the first roller cone

2 1 may use the second cutter pitch. Here, to further avoid severe tracking, a

first row of cutters 25 on the second roller cone 2 1, corresponding to or

otherwise overlapping with the first row of cutters 25 on the first roller cone 2 1 ,

may use the second cutter pitch. Similarly, a second row of cutters 25 on the

second roller cone 2 1 , corresponding to or otherwise overlapping with the

second row of cutters 25 on the first roller cone 2 1, 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.

Another possible approach would be for one or more rows of cutters 25 on the

first roller cone 2 1 to have a different cutter pitch about its circumference. For

example, as shown in Fig. C 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.

In another example, one third of the first row of cutters 25, on the first roller

cone 2 1, may use the first 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 corresponding, row of cutters 25 may use the first cutter pitch,

second cutter pitch, the third cutter pitch, or a completely different fourth cutter

pitch.

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 2 1 , may overlap with the second kerf produced by the second row

of cutters 25, on the second roller cone 2 1, 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 compared to the second row, and the first and

second rows, or roller cones 2 1 , 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 2 1 .

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 2 1 itself

may come into contact with the formation, earth, or rack being drilled. This

contact may cause the roller cone 2 1 to wear prematurely. Therefore, in

addition to the different cutter pitches discussed above, or in an alternative

thereto, one of the roller cones 2 1 , 23 may be of a different size, or diameter,

as shown in FIG. 15 . For example, the first roller cone 2 1 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 2 1 when compared with the second roller cone 23.

Referring to FIGs. 16-1 8 , exemplary cutting arrangements 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 arrangement

in accordance with aspects of the present disclosure. 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 arrangement in

a hybrid earth boring drill bit, wherein one cone has a smaller diameter, and

the cutter pitch is varied. These figures will be discussed in conjunction with

each other.

FIG. 16 illustrates a top view of a roller cone type drill bit 2 11, such as the

type generally described in FIG. 5 , in accordance with aspects of the present

disclosure. Bit 2 11 includes three cones, cones 221 , 223, and 225 attached

to a bit body 2 13 , and arranged about a central axis 2 15 . 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, depending 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 5 17), 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 acceptable, each of the cones on the bit may

have a separate diameter, and a separate hardness, as appropriate.

In FIG. 17 , a similar drill bit 2 11' is illustrated, wherein the bit 2 11' includes

first, second and third rolling cones 221 , 223, and 225 attached to a bit body

2 13 about a central bit axis 2 15 , each of the cones having a plurality of cutting

elements, or teeth, 227 attached or formed thereon arranged in

circumferential rows as discussed in reference 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 2 15 , 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 .

FIG. 18 illustrates a top view of the working face of an exemplary hybrid drill

bit 3 11 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 (typically on a journal bearing, but rolling-element or

other bearings may be used as well) on each bit leg 3 17 , 3 19 , 321 . Each

rolling-cutter 329, 331 , 333 has a plurality of cutting elements 335, 337, 339

arranged in generally circumferential rows thereon. In between each bit leg

3 17 , 3 19 , 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 diamond (TSP) or other

conventional fixed-blade cutting element 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 body. In accordance with aspects of the

present disclosure, 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".

In further accordance with aspects of the present disclosure, the earth boring

bit itself, and in particular the roller cones associated with the bit (e.g., bit 11

or 111) and having at least two roller cones with varying pitches, pitch angles

and/or cone diameters with respect 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 example, referring to the exemplary

bit of FIG. 16 , cones 221 and 223 may be of a first hardness (e.g., an IADC

classification of 5 17), while the third, smaller diameter cone 225 may have a

second hardness (e.g., an IADC classification 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 hardnesses 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 applications, as described in

detail in "The IADC Roller Bit Classification 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 designates 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 designed to drill. As further

shown in FIG. 19 , a "series" designation of 4 designates TCI bits designed to

drill softer 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

maximum 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.

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"

represents the hardest formation type for the series. For example, a drill bit

having the first two digits of the IADC classification as "63" would be used to

drill harder formation 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 additional 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 herein as generally extraneous to the

core concepts of the instant disclosure.

Other and further embodiments utilizing one or more aspects of the inventions

described above can be devised without departing from the spirit 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 tracking. Additionally, the different diameter and/or

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 elements and vice-versa.

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.



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.



WHAT IS CLAIMED IS:

1. A 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;

a second roller cone rotatably secured to the second arm; and

wherein the first roller cone is larger in diameter than the second

roller cone.

2 . The drill bit of claim 1, wherein the first roller cone has a different cutter

pitch than the second roller cone.

3 . The drill bit of claim 1, wherein a cutter pitch of the first roller cone is

25% larger than a cutter pitch of the second roller cone.

4 . The drill bit of claim 1, wherein the first roller cone includes two

different cutter pitches.

5 . The drill bit of claim 1, wherein a row of cutters on the first roller cone is

spaced at two different cutter pitches.

6 . The drill bit of claim 1, wherein a first portion of a row of cutters on the

first roller cone is spaced at a first cutter pitch and a second portion of t

he row of cutters on the first roller cone is spaced at a second, different

cutter pitch.

7 . The drill bit of claim 1, wherein a row of cutters on the first roller cone is

spaced at a first cutter pitch along one third of its circumference and a

second, different cutter pitch along two thirds of its circumference.



8 . The drill bit of claim 1, wherein the first roller cone includes two

different cutter pitches in a single row of cutters.

9 . The drill bit of claim 1, wherein the first and second roller cones each

have a row of cutters substantially equally offset from the central axis.

10 . The drill bit of claim 9 , wherein the substantially equally offset rows

have different cutter pitches.

11. The drill bit of claim 9 , wherein the substantially equally offset rows

have different diameters.

12 . The drill bit of claim 1, wherein the first and second roller cones each

have a row of cutters similarly offset from the central axis such that

their kerfs overlap.

13 . The drill bit of claim 12 , wherein the overlapping rows have different

cutter pitches.

14 . The drill bit of claim 12 , wherein the overlapping rows have different

diameters.



A 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 having a

plurality of cutting elements arranged in generally

circumferential rows thereon; and

a second roller cone rotatably secured to the second arm and

having a plurality of cutting elements arranged in

generally circumferential rows thereon;

wherein the first roller cone has a different cutter pitch than the

second roller cone.

16 . The drill bit of claim 15 , wherein a cutter pitch of the first roller cone is

25% larger than a cutter pitch of the second roller cone.

17 . The drill bit of claim 15 , wherein the first roller cone includes two

different cutter pitches.

18 . The drill bit of claim 15 , wherein a row of cutters on the first roller cone

is spaced at two different cutter pitches.

The drill bit of claim 15 , wherein a first portion of a row of cutters on the

first roller cone is spaced at a first cutter pitch and a second portion of

the row of cutters on the first roller cone is spaced at a second,

different cutter pitch.

20. The drill bit of claim 15 , wherein a row of cutters on the first roller cone

is spaced at a first cutter pitch along one third of its circumference and

a second, different cutter pitch along two thirds of its circumference.



2 1 . The drill bit of claim 15 , wherein the first roller cone includes two

different cutter pitches in a single row of cutters.

22. The drill bit of claim 15 , wherein the first and second roller cones each

have a row of cutters substantially equally offset from the central axis.

23. The drill bit of claim 22, wherein the substantially equally offset rows

have different cutter pitches.

24. The drill bit of claim 22, wherein the substantially equally offset rows

have different diameters.

25. The drill bit of claim 15 , wherein the first and second roller cones each

have a row of cutters similarly offset from the central axis such that

their kerf rows overlap.

26. The drill bit of claim 25, wherein the overlap rows have different cutter

pitches.

27. The drill bit of claim 25, wherein the overlap rows have different

diameters.

28. The drill bit of claim 15 , wherein the first roller cone and the second

roller cone have different cone diameters.

29. The drill bit of claim 15 , wherein the cutting elements on the first roller

cone have a greater IADC hardness than the cutting elements on the

second roller cone.



30. An earth-boring bit comprising:

a bit body;

at least two bit legs depending from the bit body and having a

circumferentially extending outer surface, a leading side

and a trailing side;

a first cone and a second cone rotatably mounted on a

cantilevered bearing shaft depending inwardly from the

bit legs; and,

a plurality of cutters arranged circumferentially about the outer

surface of the cones,

wherein the first cone and the second cone have different cone

diameters.

3 1 . The earth-boring drill bit of claim 30, wherein at least two cutters on at

least one of the first and second cones have different pitches.

32. The earth-boring drill bit of claim 30, wherein at least two cutters on at

least one of the first and second cones have different pitch angles.

33. The earth-boring drill bit of claim 30, wherein cutters on the first cone

have a different IADC hardness then the cutters on the second cone.

34. The earth-boring drill bit of claim 30, further comprising a fixed blade

cutter with a leading edge and a trailing edge, and having a plurality of

cutting elements arranged in a row on the leading edge of the fixed

blade cutter.
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