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primary blade extends into the cone region. Further, the bit 
comprises a plurality of primary cutter elements mounted on 
the at least one primary blade in the cone region. Still 
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FIXED CUTTER BT WITH CENTRALLY 
POSITONED BACKUP CUTTER ELEMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. Not Applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

0002) Not Applicable. 

BACKGROUND 

0003) 1. Field of the Invention 
0004 The invention relates generally to earth-boring drill 
bits used to drill a borehole for the ultimate recovery of oil, 
gas, or minerals. More particularly, the invention relates to 
drag bits and to an improved cutting structure for Such bits. 
Still more particularly, the present invention relates to drag 
bits with backup cutters on primary blades, 
0005 2. Background of the Invention 
0006 An earth-boring drill bit is typically mounted on 
the lower end of a drill string and is rotated by rotating the 
drill string at the surface or by actuation of downhole motors 
or turbines, or by both methods. With weight applied to the 
drill string, the rotating drill bit engages the earthen forma 
tion and proceeds to form a borehole along a predetermined 
path toward a target Zone. The borehole thus created will 
have a diameter generally equal to the diameter or 'gage of 
the drill bit. 

0007 Many different types of drill bits and cutting struc 
tures for bits have been developed and found useful in 
drilling such boreholes. Two predominate types of rock bits 
are roller cone bits and fixed cutter (or rotary drag) bits. 
Some fixed cutter bit designs include primary blades, sec 
ondary blades, and sometimes even tertiary blades, spaced 
about the bit face, where the primary blades are generally 
longer and start at locations closer to the bits rotating axis. 
The blades project radially outward from the bit body and 
form flow channels there between. In addition, cutter ele 
ments are often grouped and mounted on several blades. The 
configuration or layout of the cutter elements on the blades 
may vary widely, depending on a number of factors. One of 
these factors is the formation itself, as different cutter 
layouts cut the various strata with differing results and 
effectiveness. 

0008. The cutter elements disposed on the several blades 
of a fixed cutter bit are typically formed of extremely hard 
materials and include a layer of polycrystalline diamond 
(“PDC) material. In the typical fixed cutter bit, each cutter 
element or assembly comprises an elongate and generally 
cylindrical Support member which is received and secured in 
a pocket formed in the surface of one of the several blades. 
A cutter element typically has a hard cutting layer of 
polycrystalline diamond or other Superabrasive material 
such as cubic boron nitride, thermally stable diamond, 
polycrystalline cubic boron nitride, or ultrahard tungsten 
carbide (meaning a tungsten carbide material having a 
wear-resistance that is greater than the wear-resistance of the 
material forming the Substrate) as well as mixtures or 
combinations of these materials. The cutting layer is 
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exposed on one end of its Support member, which is typi 
cally formed of tungsten carbide. For convenience, as used 
herein, reference to “PDC bit” or “PDC cutting element” 
refers to a fixed cutter bit or cutting element employing a 
hard cutting layer of polycrystalline diamond or other 
Superabrasive material Such as cubic boron nitride, ther 
mally stable diamond, polycrystalline cubic boron nitride, or 
ultrahard tungsten carbide. 

0009 While the bit is rotated, drilling fluid is pumped 
through the drill string and directed out of the drill bit. The 
fixed cutter bit typically includes nozzles or fixed ports 
spaced about the bit face that serve to inject drilling fluid 
into the flow passageways between the several blades. The 
flowing fluid performs several important functions. The fluid 
removes formation cuttings from the bits cutting structure. 
Otherwise, accumulation of formation materials on the cut 
ting structure may reduce or prevent the penetration of the 
cutting structure into the formation. In addition, the fluid 
removes cut formation materials from the bottom of the 
hole. Failure to remove formation materials from the bottom 
of the hole may result in Subsequent passes by cutting 
structure to re-cut the same materials, thus reducing cutting 
rate and potentially increasing wear on the cutting Surfaces. 
The drilling fluid and cuttings removed from the bit face and 
from the bottom of the hole are forced from the bottom of 
the borehole to the surface through the annulus that exists 
between the drill string and the borehole sidewall. Further, 
the fluid removes heat, caused by contact with the formation, 
from the cutting elements in order to prolong cutting ele 
ment life. Thus, the number and placement of drilling fluid 
nozzles, and the resulting flow of drilling fluid, may signifi 
cantly impact the performance of the drill bit. 

0010 Without regard to the type of bit, the cost of drilling 
a borehole for recovery of hydrocarbons may be very high, 
and is proportional to the length of time it takes to drill to the 
desired depth and location. The time required to drill the 
well, in turn, is greatly affected by the number of times the 
drill bit must be changed before reaching the targeted 
formation. This is the case because each time the bit is 
changed, the entire string of drill pipe, which may be miles 
long, must be retrieved from the borehole, section by 
section. Once the drill string has been retrieved and the new 
bit installed, the bit must be lowered to the bottom of the 
borehole on the drill string, which again must be constructed 
section by section. As is thus obvious, this process, known 
as a “trip’ of the drill string, requires considerable time, 
effort and expense. Accordingly, it is always desirable to 
employ drill bits which will drill faster and longer, and 
which are usable over a wider range of formation hardness. 
0011. The length of time that a drill bit may be employed 
before it must be changed depends upon a variety of factors. 
These factors include the bits rate of penetration (“ROP”), 
as well as its durability or ability to maintain a high or 
acceptable ROP. 

0012 Some conventional fixed cutter bits employ three, 
four, or more relatively long primary blades that may extend 
to locations proximal the bits rotating axis (e.g., into the 
cone region of the bit). In addition, these primary blades 
typically Support a plurality of cutter elements. In particular, 
since primary blades often extend to locations proximal the 
bits rotating axis, primary blades often Support the cutter 
elements in the innermost central region of the bit. However, 
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for some fixed cutter bits, the presence of a greater number 
of primary blades may result in a lower ROP. Thus, it may 
be desirable to decrease the number of relatively long 
primary blades on a drag bit. In addition, the greater the 
number of relatively long primary blades provided on the 
bit, the less space is available for the placement of drilling 
fluid nozzles. Space limitations may result in the placement 
of fluid nozzles in less desirable locations about the bit. 
Compromised noZZle placement may also detrimentally 
impact fluid hydraulic performance, bit ROP, and bit dura 
bility. Still further, space limitations for fluid nozzles may 
result in more complex bit designs necessary to accommo 
date drilling fluid channels and nozzles. The increased 
complexity in the design and manufacture of the bit may 
increase bit costs. 

0013. Accordingly, there remains a need in the art for a 
fixed cutter bit and cutting structure capable of enhanced 
ROP and greater bit life, while minimizing other detrimental 
effects. 

BRIEF SUMMARY OF PREFERRED 
EMBODIMENTS 

0014. These and other needs in the art are addressed in 
one embodiment by a drill bit for drilling a borehole in 
earthen formations. In an embodiment, the bit comprises a 
bit body having a bit face comprising a cone region, a 
shoulder region, and a gage region. In addition, the bit 
comprises at least one primary blade disposed on the bit 
face, wherein the at least one primary blade extends into the 
cone region. Further, the bit comprises a plurality of primary 
cutter elements mounted on the at least one primary blade in 
the cone region. Still further, the bit comprises a plurality of 
backup cutter elements mounted on the at least one primary 
blade in the cone region, wherein the at least one primary 
blade has a cone backup cutter density and a shoulder 
backup cutter density, and wherein the cone backup cutter 
density of the at least one primary blade is greater than the 
shoulder backup cutter density of the at least one primary 
blade. 

0.015 These and other needs in the art are addressed in 
another embodiment by a drill bit for drilling a borehole in 
earthen formations. In an embodiment, the bit comprises a 
bit body with a central axis and an outer radius, in addition, 
the bit comprises a bit face comprising an inner region 
extending from the central axis to no more than 50% of the 
outer radius, and an outer region between the inner region 
and the outer radius. Further, the bit comprises at least one 
primary blade disposed on the bit face, wherein the at least 
one primary blade extends from proximal the central axis 
into the outer region. Still further, the bit comprises a 
plurality of primary cutter elements mounted on the at least 
one primary blade. Moreover, the bit comprises a plurality 
of backup cutter elements mounted on the at least one 
primary blade, wherein the at least one primary blade has an 
inner back-up cutter area and an outer backup cutter area, 
and wherein the inner backup cutter area is greater than the 
outer backup cutter area. 

0016. Theses and other needs in the art are addressed in 
another embodiment by a drill bit for drilling a borehole in 
earthen formations. In an embodiment, the bit comprises a 
bit body having a central axis and a bit face comprising a 
cone region, a shoulder region, and a gage region. In 
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addition, the bit comprises at least one primary blade dis 
posed on the bit face, wherein the at least one primary blade 
begins Substantially proximal the central axis and extends 
towards the gage region. Further, the bit comprises at least 
one secondary blade disposed on the bit face, wherein the at 
least one secondary blade begins at a radial distance “D’ 
from the central axis and extends toward the gage region, the 
radial distance 'D' being a radius defining the cone region. 
Still further, the bit comprises a plurality of primary cutter 
elements mounted on the at least one primary blade, wherein 
the primary cutter elements are disposed in a first row 
extending along the at least one primary blade from Sub 
stantially proximal the central axis toward the gage region. 
Moreover, the bit comprises a plurality of backup cutter 
elements mounted on the at least one primary blade, wherein 
the backup cutter elements are disposed in a second row 
extending along the at least one primary blade within the 
cone region. 
0017. These and other needs in the art are addressed in 
another embodiment by a drill bit for drilling a borehole in 
earthen formations. In an embodiment, the bit comprises a 
bit body having a central axis and a bit face comprising a 
cone region, a shoulder region, and a gage region. In 
addition, the bit comprises at least one primary blade dis 
posed on the bit face, wherein the at least one primary blade 
begins proximal the central axis and extends toward the gage 
region. Further, the bit comprises a plurality of primary 
cutter elements mounted on the at least one primary blade in 
the cone region. Still further, the bit comprises a plurality of 
backup cutter elements mounted on the at least one primary 
blade in the cone region, wherein the at least one primary 
blade is free of backup cutter elements in he shoulder region. 
0018 Thus, embodiments described herein comprise a 
combination of features and advantages intended to address 
various shortcomings associated with certain prior devices. 
The various characteristics described above, as well as other 
features, will be readily apparent to those skilled in the art 
upon reading the following detailed description of the pre 
ferred embodiments, and by referring to the accompanying 
drawings. It should be appreciated by those skilled in the art 
that the conception and the specific embodiments disclosed 
may be readily utilized as a basis for modifying or designing 
other structures for carrying out the same purposes of the 
embodiments described herein. It should also be realized by 
those skilled in the art that Such equivalent constructions do 
not depart from the spirit and scope of the invention as set 
forth in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 For a more detailed description of the preferred 
embodiments, reference will now be made to the accompa 
nying drawings, wherein: 
0020 FIG. 1 is a perspective view of an embodiment of 
a bit made in accordance with the principles described 
herein. 

0021 FIG. 2 is a view of the face of the bit shown in FIG. 
1; 
0022 FIG. 3 is a partial cross-sectional view of the bit 
shown in FIG. 1 with the cutter elements of the bit shown 
rotated into a single profile; 
0023 FIG. 4 is a schematic view of an embodiment of a 
bit made in accordance with the principles described herein; 
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0024 FIG. 5 is a schematic view of another embodiment 
of a bit made in accordance with the principles described 
herein; 
0.025 FIG. 6A is a schematic view of an arrangement of 
primary cutter elements and backup cutter elements in the 
cone region of a bit made in accordance with the principles 
described herein; 
0026 FIG. 6B is a schematic view showing the rotated 
profiles of the cutting faces of the cutter elements of the bit 
shown in FIG. 6A: 
0027 FIG. 7A is a schematic view of an arrangement of 
primary cutter elements and backup cutter elements in the 
cone region of a bit made in accordance with the principles 
described herein; 
0028 FIG. 7B is a schematic view showing the rotated 
profiles of the cutting faces of the cutter elements of the bit 
shown in FIG. 7A: 
0029 FIG. 8A is a schematic view of an arrangement of 
primary cutter elements and backup cutter elements in the 
cone region of a bit made in accordance with the principles 
described herein; 

0030 FIG. 8B is a schematic view showing the rotated 
profiles of the cutting faces of the cutter elements of the bit 
shown in FIG. 8A: 
0031 FIG. 9A is a schematic view of an arrangement of 
primary cutter elements and backup cutter elements in the 
cone region of a bit made in accordance with the principles 
described herein; 

0032 FIG.9B is a schematic view showing the rotated 
profiles of the cutting faces of the cutter elements of the bit 
shown in FIG. 9A; 

0033 FIG. 10A is a schematic view of an arrangement of 
primary cutter elements and backup cutter elements in the 
cone region of a bit made in accordance with the principles 
described herein; and 

0034 FIG. 10B is a schematic view showing the rotated 
profiles of the cutting faces of the cutter elements of the bit 
shown in FIG. 10A. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0035. The following discussion is directed to various 
embodiments of the invention. Although one or more of 
these embodiments may be preferred the embodiments dis 
closed have broad application, and the discussion of any 
embodiment is meant only to be exemplary of that embodi 
ment, and not intended to intimate that the scope of the 
disclosure, including the claims, is limited to that embodi 
ment or to the features of that embodiment. 

0.036 Certain terms are used throughout the following 
description and claims to refer to particular features or 
components. As one skilled in the art will appreciate, 
different persons may refer to the same feature or component 
by different names. This document does not intend to 
distinguish between components or features that differ in 
name but not function. The drawing figures are not neces 
sarily to scale. Certain features and components herein may 
be shown exaggerated in scale or in somewhat schematic 
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form and some details of conventional elements may not be 
shown in interest of clarity and conciseness. 
0037. In the following discussion and in the claims, the 
terms “including and “comprising are used in an open 
ended fashion, and thus should be interpreted to mean 
“including, but not limited to . . . .” Also, the term “couple' 
or “couples’ is intended to mean either an indirect or direct 
connection. Thus, if a first device couples to a second device, 
that connection may be through a direct connection, or 
through an indirect connection via other devices and con 
nections. 

0038) Referring to FIGS. 1 and 2, exemplary bit 10 is a 
fixed cutter bit, sometimes referred to as a drag bit, and is 
preferably a PDC bit adapted for drilling through formations 
of rock to form a borehole. Bit 10 generally includes a bit 
body 12, a shank 13 and a threaded connection or pin 14 for 
connecting bit 10 to a drill string (not shown), which is 
employed to rotate the bit in order to drill the borehole. Bit 
face 20 supports a cutting structure 15 and is formed on the 
end of the bit 10 that is opposite pin end 16. Bit 10 further 
includes a central axis 11 about which bit 10 rotates in the 
cutting direction represented by arrow 18. Body 12 may be 
formed in a conventional manner using powdered metal 
tungsten carbide particles in a binder material to form a hard 
metal cast matrix. Alternatively, the body can be machined 
from a metal block, such as steel, rather than being formed 
from a matrix. 

0039. As best seen in FIG. 3, body 12 includes a central 
longitudinal bore 17 permitting drilling fluid to flow from 
the drill string into bit 10. Body 12 is also provided with 
downwardly extending flow passages 21 having ports or 
nozzles 22 disposed at their lowermost ends. The flow 
passages 21 are in fluid communication with central bore 17. 
Together, passages 21 and nozzles 22 serve to distribute 
drilling fluids around a cutting structure 15 to flush away 
formation cuttings during drilling and to remove heat from 
bit 10. 

0040. Referring again to FIGS. 1 and 2, cutting structure 
15 is provided on face 20 of bit 10. Cutting structure 15 
includes a plurality of blades which extend from bit face 20. 
In the embodiment illustrated in FIGS. 1 and 2, cutting 
structure 15 includes two angularly spaced-apart primary 
blades 31, 32 and four angularly spaced apart secondary 
blades 33, 34, 35 and 36. In particular, in this embodiment, 
the plurality of blades are spaced generally uniformly about 
the bit face 20. In addition, the two primary blades 31, 32 are 
spaced Substantially opposite each other (e.g., about 180° 
apart). In other embodiments (not specifically illustrated), 
the blades may be spaced non-uniformly about bit face 20. 

0041. In the embodiment shown, each primary blade 31, 
32 includes a cutter-supporting Surface 42 for mounting a 
plurality of cutter elements, and each secondary blade 33-36 
includes a cutter-supporting Surface 52 for mounting a 
plurality of cutter elements. In particular, primary cutter 
elements 40 having primary cutting faces 44 are mounted to 
primary blades 31, 32 and secondary blades 33-36. Further, 
backup cutter elements 50 having backup cutting faces 54 
are mounted to primary blades 31, 32. 
0.042 Still referring to FIGS. 1 and 2, primary blades 31, 
32 and secondary blades 33, 34, 35 and 36 are integrally 
formed as part of, and extend from, bit body 12 and bit face 



US 2007/0261890 A1 

20. Primary blades 31, 32 and secondary blades 33, 34, 35 
and 36 extend radially across bit face 20 and longitudinally 
along a portion of the periphery of bit 10. Primary blades 31, 
32 extend radially from substantially proximal central axis 
11 toward the periphery of bit 10. Thus, as used herein, the 
term “primary blade' is used to describe a blade that extends 
from substantially proximal central axis 11. Secondary 
blades 33, 34, 35 and 36 do not extend from substantially 
proximal central axis 11. As best seen in FIG. 2, secondary 
blades 33-36 extend radially from a location that is a 
distance "D' away from central axis 11 toward the periphery 
of bit 10. Hence, primary blades 31, 32 extend closer to 
central axis 11 than secondary blades 33-36. Thus, as used 
herein, the term “secondary blade' is used to describe a 
blade that does not extend from substantially proximal 
central axis 11. Primary blades 31, 32 and secondary blades 
33,34, 35 and 36 are separated by drilling fluid flow courses 
19. 

0043. As described above, the embodiment of bit 10 
illustrated in FIGS. 1 and 2 includes two relatively longer 
primary blades (e.g., primary blades 31, 32). As compared to 
some conventional fixed cutter bits that employ three, four, 
or more relatively long primary blades, bit 10 has fewer 
primary blades that extend substantially proximal the center 
of bit 10. By reducing the number of relatively long primary 
blades, embodiments of the present invention may improve 
the ROP of bit 10. 

0044) In different embodiments (not specifically illus 
trated), bit 10 may comprise a different number of primary 
blades and/or secondary blades than that shown in FIGS. 1 
and 2. In general, bit 10 may include one or more primary 
blades and one or more secondary blades as desired. As one 
example only, bit 10 may comprise three primary blades and 
three secondary blades. 

0045 Each blade on bit face 20 (e.g., primary blades 31, 
32 and secondary blades 33-36) provides a cutter-supporting 
surface 42, 52 to which cutter elements are mounted. In the 
embodiment illustrated in FIGS. 1 and 2, primary cutter 
elements 40 are disposed on the cutter-supporting Surface 42 
of primary blades 31, 32 and on the cutter-supporting 
surface 52 of secondary blades 33, 34, 35, and 36 In 
addition, backup cutter elements 50 are disposed only on the 
cutter-supporting surface 42 of primary blades 31, 32. In 
different embodiments (not specifically illustrated), backup 
cutter elements may also be provided on cutter-supporting 
surface 52 of secondary blades 33-36 
0046 Primary cutter elements 40 are positioned adjacent 
one another generally in a first row extending radially along 
each primary blade 31, 32 and along each secondary blade 
33-36. Further, backup cutter elements 50 are positioned 
adjacent one another generally in a second row extending 
radially along each primary blade 31, 32. In particular, 
backup cutter elements 50 form a second row that extends 
along each primary blade 31, 32 from substantially proximal 
central axis 11. Backup cutter elements 50 are positioned 
behind the primary cutter elements 40 provided on the same 
primary blade 31, 32. As best seen in FIG. 2, when bit 10 
rotates about central axis 11 in the cutting direction represent 
by arrow 18, backup cutter elements 50 trail the primary 
cutter elements 40 provided on the same primary blade 31, 
32. Thus, as used herein, the term “backup cutter element' 
is used to describe a cutter element that trails any other cutter 
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element on the same blade when bit 10 is rotated in the 
cutting direction represented by arrow 18. Further, as used 
herein, the term “primary cutter element” is used to describe 
a cutter element provided on the leading edge of a blade. In 
other words, when bit 10 is rotated about central axis 11 in 
the cutting direction of arrow 18 a “primary cutter element 
does not trail any other cutter elements on the same blade. 
0047. In general, primary cutter elements 40 and backup 
cutter elements 50 need not be positioned in rows, but may 
be mounted in other suitable arrangements provided each 
cutter element is either in a leading position (e.g., primary 
cutter element 40) or trailing position (e.g., backup cutter 
element 50). Examples of suitable arrangements may 
include without limitation, rows, arrays or organized pat 
terns, randomly, sinusoidal pattern, or combinations thereof. 
Further, in other embodiments (not specifically illustrated), 
additional rows of cutter elements may be provided on a 
primary blade, secondary blade, or combinations thereof. 
0.048. As described above, the embodiment of bit 10 
illustrated in FIGS. 1 and 2 includes a first row of primary 
cutter elements 40 and a second row of backup cutter 
elements 50 on each primary blade 31, 32. Thus, although 
embodiments of the present invention may provide fewer 
relatively long primary blades as compared to some con 
ventional fixed cutter bits, the total cutter element count may 
not be detrimentally reduced since some cutter elements lost 
by removing one or more primary blades are replaced by 
adding a second row of cutter elements on each remaining 
primary blades, the second row being “backup cutter ele 
ments’ on “primary blades” as described herein 
0049 Still referring to FIGS. 1 and 2, bit 10 further 
includes gage pads 51 of Substantially equal length that are 
disposed about the circumference of bit 10 at angularly 
spaced locations. Gage pads 51 intersect and extend from 
blades 31-36, respectively Gage pads 51 are integrally 
formed as part of the bit body 12. 
0050. As shown in FIGS. 1 and 2, each gage pad 51 
includes a generally gage-facing Surface 60 and a generally 
forward-facing Surface 61 which intersect in an edge 62, 
which may be radiused, beveled or otherwise rounded. 
Gage-facing Surface 60 includes at least a portion that 
extends in a direction generally parallel to bit access 11 and 
extends to full gage diameter. In some embodiments, other 
portions of gage-facing Surface 60 may be angled, and thus 
slant away from the borehole sidewall. Also, in select 
embodiments, forward-facing surface 61 may likewise be 
angled relative to central axis 11 (both as viewed perpen 
dicular to central axis 11 or as viewed along central axis 11). 
Surface 61 is termed generally “forward-facing to distin 
guish that Surface from the gage Surface 60, which generally 
faces the borehole sidewall. Gage-facing Surface 60 of gage 
pads 51 abut the sidewall of the borehole during drilling. The 
pads can help maintain the size of the borehole by a rubbing 
action when primary cutter elements 40 wear slightly under 
gage. The gage pads also help stabilize the bit against 
vibration. 

0051. In certain embodiments (not specifically illus 
trated), certain gage pads 51 include cutter elements. Fur 
ther, in Some embodiments (not specifically illustrated), no 
gage pads 51 are provided on bit 10. Wear-resistant inserts 
may be embedded in gage pads 51 and protrude from the 
gage-facing Surface 60 or forward facing, Surface 61 of gage 
pads 51. 
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0.052 Referring to FIG. 3, an exemplary profile of bit 10 
is shown as it would appear with all blades (e.g., primary 
blades 31, 32, secondary blades 33-36) and all cutter ele 
ments (e.g., primary cutter elements 40, backup cutter 
elements 50) rotated into a single rotated profile. As shown 
in FIG. 3, in rotated profile the plurality of blades of bit 10 
(e.g., primary blades 31, 32 and secondary blades 33-36) 
include blade profiles 39. Blade profiles 39 and bit face 20 
may be divided into three different regions labeled cone 
region 24, shoulder region 25, and gage region 26. Cone 
region 24 is concave in this embodiment and comprises the 
inner most region of bit 10 (e.g., cone region 24 is the central 
most region of bit 10). Adjacent cone region 24 is shoulder 
(or the upturned curve) region 25. Next to shoulder region 
25 is the gage region 26 which is the portion of the bit face 
20 which defines the outer radius 23 of bit 10. Outer radius 
23 extends to and therefore defines the full gage diameter of 
bit 10. As used herein, the term “full gage diameter' is used 
to describe elements or surfaces extending to the full, 
nominal gage of the bit diameter. 
0053 Still referring to FIG. 3, cone region 24 is defined 
by a radial distance along the X-axis measured from central 
axis 11. It is to be understood that the x-axis is perpendicular 
to central axis 11 and extends radially outward from central 
axis 11. Cone region 24 may be defined by a percentage of 
outer radius 23 of bit 10. In some embodiments, cone region 
24 extends from central axis 11 to no more than 50% of outer 
radius 23. In select embodhients, cone region 24 extends 
from central axis 11 to no more than 30% of outer radius 23. 
Cone region 24 may likewise be defined by the location of 
one or more secondary blades (e.g., secondary blades 
33-36). For example, cone region 74 extends from central 
axis 11 to a distance at which a secondary blade begins (e.g., 
distance "D' illustrated in FIG. 2). In other words, the outer 
boundary of cone region 24 may coincide with the distance 
“D’ at which one or more secondary blades begin. The 
actual radius of cone region 24, measured from central axis 
11, may vary from bit to bit depending on a variety of factors 
including without limitation, bit geometry, bit type, location 
of one or more secondary blades (e.g., secondary blades 
33-36), location of backup cutter elements 50, or combina 
tions thereof. For instance, in some cases bit 10 may have a 
relatively flat parabolic profile resulting in a cone region 24 
that is relatively large (e.g., 50% of outer radius 23). 
However, in other cases, bit 10 may have a relatively long 
parabolic profile resulting in a relatively smaller cone region 
24 (e.g., 30% of outer radius 23). 
0054 Blade profiles 39 and bit face 20 may also be 
described as two regions termed “inner region' and “outer 
region', where the “inner region' is the central most region 
of bit 10 and is analogous to cone region 24, and the “outer 
region' is simply the region(s) of bit 10 outside the inner 
region. Using this nomenclature, the outer region is analo 
gous to the combined shoulder region 25 and gage region 26 
previously described. The inner region may be defined 
similarly to cone region 24 (e.g., by a percentage of the outer 
radius 23, by distance “D.” etc.). 
0055 Referring to FIG. 4, a schematic view of an 
embodiment of bit 10 is illustrated. As discussed above, bit 
10 comprises a bit face 20 having a cone region 24, a 
shoulder region 25, and a gage region 26. Bit 10 further 
includes two primary blades 31, 32 and four secondary 
blades 33-36 integrally formed as part of, and which extend 
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from, bit face 20. Primary blades 31, 32 extend radially from 
within cone region 24 proximal central axis 11 toward gage 
region 26 and outer radius 23. Secondary blades 33-36 
extend radially from within shoulder region 25 proximal 
cone region 24 toward gage region 26 and outer radius 23. 
In this embodiment, each secondary blade 33-36 begins at a 
distance "D' that substantially coincides with the outer 
radius of cone region 24 (e.g., the intersection of cone region 
24 and should region 25). In some embodiments, primary 
blades 31, 32 may extend to outer radius 23. Further, in 
select embodiments, secondary blades 33-36 may extend to 
outer radius 23 (and gage region 26). Still further, in other 
embodiments, one or more secondary blades 33-36 may 
extend into cone region 24. 
0056. In the embodiment illustrated in FIG. 4, primary 
blades 31, 32 and secondary blades 33-36 taper (e.g., 
become thinner) as the blades extend inward toward central 
axis 11. In different embodiments (not specifically illus 
trated), one or more primary blades 31, 32, one or more 
secondary blades 33-36, or combinations thereof may be 
uniform or taper towards full gage radius 23. Further the 
taper may be linear or non-linear. In addition, although 
primary blades 31, 32 and secondary blades 33-36 illustrated 
in FIG. 4 are substantially straight as they extend towards 
full gage diameter 23, in other embodiments (e.g., FIG. 2), 
one or more primary blades 31, 32, one or more secondary 
blades 33-36, or combinations thereof may curve along their 
radial length. 
0057 Each blade provided on bit 10 (e.g., primary blades 
31, 32, secondary blades 33-36) provides a cutter-supporting 
Surface 42, 52 for mounting cutter elements (e.g., primary 
cutter elements 40, backup cutter elements 50). In the 
embodiment illustrated in FIG. 4, a plurality of primary 
cutter elements 40 are provided on primary blades 31, 32 
and secondary blades 33-36. Further, a plurality of backup 
cutter elements 50 are provided on primary blades 31, 32. In 
the embodiment illustrated in FIG.4, backup cutter elements 
50 are provided only on primary blades 31, 32 (e.g., no 
backup cutter elements 50 are provided on secondary blades 
33-36). In other embodiments (not specifically illustrated), 
backup cutter elements 50 may be provided on one or more 
primary blades, one or more secondary blades, or combina 
tions thereof. 

0.058 Still referring to the embodiment shown in FIG. 4, 
backup cutter elements 40 are provided within the cone 
region 24 on primary blades 31, 32. The shoulder region 25 
and gage region 26 of bit 10 are substantially free of backup 
cutter elements. In particular, in this embodiment, neither 
primary blades 31, 32, nor secondary blades 33-36 include 
backup cutter elements 50 within shoulder region 25 and 
gage region 26. 
0059 Each primary cutter element 40 and each backup 
cutter element 50 comprise an elongated and generally 
cylindrical support member or substrate which is received 
and secured in a pocket formed in the surface of the blade 
to which it is fixed. Further, each cutter element 40, 50 has 
a cutting face 44, 54 (respectively) that comprises a forward 
facing disk or tablet-shaped, hard cutting layer of polycrys 
talline diamond or other superabrasive material is bonded to 
the exposed end of the support member. 
0060. In the embodiments described herein, the primary 
cutter elements 40 and the backup cutter elements 50 are 
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mounted so that their cutting faces 44.54 are forward facing. 
As used herein, “forward facing is used to describe the 
orientation of a surface that is Substantially perpendicular to 
or at an acute angle relative to the cutting direction of bit 10 
represented by arrow 18. For instance, a forward facing 
cutting face 44, 54 may be oriented Substantially perpen 
dicular to the cutting direction of bit 10, may include a 
backrake angle, and/or may include a siderake angle. 

0061. In the embodiment illustrated in FIG. 4, each 
primary cutter element 40 has substantially the same size 
and geometry as other primary cutter elements 40. Further, 
each backup cutter element 50 has substantially the same 
size and geometry as other backup cutter elements 50. 
However, in general, each primary cutter element 40 and 
each backup cutter element 50 may have any suitable size 
and geometry. 

0062 Still referring to FIG. 4, each blade having one or 
more backup cutter elements 50 (e.g., primary blades 31, 32) 
can be described or characterized in terms of a cone backup 
cutter density, a shoulder backup cutter density, and a gage 
backup cutter density. As used herein, the term “backup 
cutter density' is used to refer to the average number of 
backup cutter elements 50 per unit length of blade. Thus, 
“cone backup cutter density' refers to the backup cutter 
density of the portion of a blade within cone region 24, 
“shoulder backup cutter density' refers to the backup cutter 
density of the portion of a blade within shoulder region 25, 
and “gage backup cutter density” refers to the backup cutter 
density of the portion of a blade within the gage region. For 
example, if a primary blade (e.g., primary blade 32) has an 
average of two backup cutter elements 50 per inch of blade 
within cone region 24 and an average an average of one 
backup cutter element 50 per inch of blade within shoulder 
region 25, then the cone backup cutter density of the primary 
blade is two (2 backup cutter elements 50 per inch) and the 
backup cutter density within shoulder region 25 is one (one 
backup cutter elements per inch). 

0063. It is to be understood that blades having one or 
more backup cutter elements and which do not extend into 
a particular region will have a backup cutter density of Zero 
in that particular region. For example, if a primary blade has 
one or more backup cutter elements, but the primary blade 
does not extend into gage region 26, then the primary blade 
has a gage backup cutter density of Zero. 

0064. In select embodiments, the cone backup cutter 
density of a primary blade (e.g., primary blade 31) is greater 
than the shoulder backup cutter density and greater than the 
gage backup cutter density. For example, in the embodiment 
illustrated in FIG. 4, the cone backup cutter density of 
primary blade 32 is greater than the shoulder backup cutter 
density of primary blade 32. Further, the cone backup cutter 
density of primary blade 32 is greater than the gage backup 
cuter density of primary blade 32. In particular, cone region 
24 includes backup cutter elements 50 on primary blade 32, 
but shoulder region 25 and gage region 26 of primary blade 
32 are free of backup cutter elements 50. Thus, the shoulder 
backup cutter density and gage backup cutter density of 
primary blade 32 are both Zero In different embodiments 
(not specifically illustrated), for a given primary blade, the 
cone backup cutter density may alternatively be equal to or 
less than either or both the shoulder backup cutter density 
and gage backup cutter density. 
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0065. Alternatively, each primary blade 31, 32 may be 
said to have an inner backup cutter density and an outer 
backup cutter density, where the inner backup cutter density 
is the backup cutter density within an inner region, analo 
gous to the cone backup cutter density, and the outer backup 
cutter density is the backup cutter density on the portion of 
blade outside the inner region. 
0066 Still referring to FIG. 4, each blade having one or 
more backup cutter elements 50 (e.g., primary blades 31, 32) 
has a “cone backup cutter area', a “shoulder backup cutter 
area', and a “gage backup cutter area'. As used herein, the 
term “backup cutter area is used to refer to the sum total of 
the Surface area of each backup cutting face 54. Thus, cone 
backup cutter area refers to the backup cutter area of the 
portion of a blade within cone region 24, shoulder backup 
cutter area refers to the backup cutter area of the portion of 
a blade within shoulder region 25, and gage backup cutter 
area refers to the backup cutter area of the portion of a blade 
within the gage region For example, if each backup cutting 
face 54 has a surface area of 1 in., and a particular blade has 
four backup cutter elements 50 in cone region 24, one 
backup cutter element 50 in shoulder region 25, and Zero 
backup cutter elements in gage region 26, then the cone 
backup cutter area for the blade is 4 in. (4x1 in.), the 
shoulder backup cutter area for the blade is 1 in. (1x1 in.”), 
and the gage backup cutter area for the blade is 0 in. (0x1 
in.). 
0067. It is to be understood that blades having one or 
more backup cutter elements and which do not extend into 
a particular region will have a backup cutter area of Zero in 
that particular region. For example, if a primary blade has 
backup cutter elements, but the primary blade does not 
extend into gage region 26, then the primary blade has a 
gage backup cutter area of Zero. 
0068. In select embodiments, the cone backup cutter area 
of a primary blade (e.g., primary blade 31) is greater than the 
shoulder backup cutter area of the same primary blade and 
greater than the gage backup cutter area of that primary 
blade. For example, in the embodiment illustrated in FIG. 4, 
the cone backup cutter area of primary blade 32 is greater 
than the shoulder backup cutter area of primary blade 32. 
Further, the cone backup cutter area of primary blade 32 is 
greater than the gage backup cutter area of primary blade 32. 
In particular, there are backup cutter elements in cone region 
24 of primary blade 32, but no backup cutter elements in 
shoulder region 25 nor gage region 26 of primary blade 32. 
Thus, the shoulder backup cutter area and gage backup 
cutter area of primary blade 32 are both Zero. In different 
embodiments (not specifically illustrated), for a given pri 
mary blade, the cone backup cutter area may alternatively be 
equal to or less than either or both the shoulder backup cutter 
area and gage backup cutter area. 
0069. Alternatively, each primary blade 31, 32 may be 
said to have an inner backup cutter area and an outer backup 
cutter area, where the inner backup cutter area is the backup 
cutter area within an inner region, analogous to the cone 
backup cutter area, and the outer backup cutter area is the 
backup cutter area on the portion of blade outside the inner 
region. 

0070. As described, certain embodiments disclosed 
herein reduce the primary blade count on bit 10 as compared 
to Some conventional fixed cutter bits of the same gage 
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diameter that may include three, four, or more primary 
blades. However, reducing primary blade count on bit 10 
(without other design changes) may also result in a reduction 
in the number of cutter elements on bit 10. In particular, a 
reduction of cutter elements in cone region 24 of bit 10 may 
detrimentally impact the ability of the bit to distribute across 
the cutter elements in the cone region the relatively high 
loads encountered during drilling. Therefore, in select 
embodiments, the reduction in primary blade count is also 
accompanied by the positioning of additional cutter ele 
ments, in the form of backup cutter elements, in the cone 
region 24 such that the overall cutter element count in the 
cone region may be substantially the same even though the 
primary blade count has been decreased. Without being 
limited by theory, by reducing the primary blade count and 
Substantially maintaining the cutter element count within the 
cone region 24, it is desired that the ROP of bit 10 be 
increased as compared to some conventional fixed cutter 
bits. 

0071. In addition, as best seen in FIG. 4, by reducing the 
number of primary blades on bit 10, as compared to some 
conventional fixed cutter bits flat include three four or more 
primary blades, additional space is made available for posi 
tioning nozzles 22 about bit face 20. In this manner, nozzles 
22 may be positioned in more desirable locations which may 
not otherwise be available due to space limitations resulting 
from a greater number of primary blades. Without being 
limited by theory, improved placement of nozzles 24 is 
intended to enhance removal of formation cuttings and 
enhance removal of heat from bit 10. As a result, the ROP 
and life of bit 10 may be advantageously enhanced. 
0072 Referring to FIG. 5, a schematic view of another 
embodiment of bit 10 is illustrated. As discussed above, bit 
10 comprises a bit face 20 having a cone region 24, a 
shoulder region 25, and a gage region 26. Primary blades 31, 
32 extend radially from within cone region 24 proximal 
central axis 11 toward gage region 26 and outer radius 23. 
Secondary blades 33-36 begin partially within cone region 
24 and extend radially into shoulder region 25 toward gage 
region 26 and outer radius 23. In this embodiment, each 
secondary blade 33-36 begins at a distance "D' that is 
distinct from the outer radius of cone region 24. In particular, 
the distance "D'at which secondary blades 33-36 begin lies 
within cone region 24. In other words, in this embodiment, 
secondary blades 33-36 extend slightly into cone region 24. 
0073. A plurality of primary cutter elements 40 are pro 
vided on cutter-supporting Surface 42 of each primary blade 
31, 32 and cutter-supporting surface 52 of each secondary 
blade 33-36. Further, a plurality of backup cutter elements 
50 are provided on the cutter-supporting surface 52 of each 
primary blade 31, 32. 
0074) Still referring to the embodiment shown in FIG. 5, 
backup cutter elements 50 are provided within the cone 
region 24 on primary blades 31, 32. Further, backup cutter 
elements 50 are provided within shoulder region 25 on 
primary blades 31, 32. However, gage region 26 of bit 10 is 
substantially free of backup cutter elements 50. In this 
embodiment, no backup cutter elements 50 are provided on 
secondary blades 33-36, 
0075) Still referring to FIG. 5, each blade having one or 
more backup cutter elements 50 (e.g., primary blades 31, 32) 
can be described or characterized in terms of a cone backup 
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cutter density, a shoulder backup cutter density, and a gage 
backup cutter density. In the embodiment illustrated in FIG. 
5, the cone backup cutter density of primary blade 32 is 
greater than the shoulder backup cutter density of primary 
blade 32. Further, the shoulder backup cutter density of 
primary blade 32 is greater than the gage backup cutter 
density of primary blade 32. 
0.076 Still referring to FIG. 5, each blade having one or 
more backup cutter elements 50 (e.g., primary blades 31, 32) 
has a “cone backup cutter area', a “shoulder backup cutter 
area', and a “gage backup cutter area'. In the embodiment 
illustrated in FIG. 5, the cone backup cutter area of primary 
blade 32 is greater than the shoulder backup cutter area of 
primary blade 32, and the shoulder backup cutter area of 
primary blade 32 is greater than the age backup cutter area 
of primary blade 32. 
0077. As previously described, certain embodiments dis 
closed herein reduce the primary blade count on bit 10 as 
compared to some conventional fixed cutter bits of the same 
gage diameter, while Substantially maintaining the total 
cutter element count in the cone region 24. Without being 
limited by theory, by reducing the primary blade count and 
Substantially maintaining the cutter element count within the 
cone region 24, it is desired that the ROP of bit 10 be 
increased as compared to Some conventional fixed cutter 
bits. 

0078. In addition, by reducing the number of primary 
blades on bit 10, as compared to some conventional fixed 
cutter bits of the same gage diameter, additional space is 
made available for positioning nozzles 22 about bit face 20. 
Without being limited by theory, improved placement of 
nozzles 24 is intended to enhance removal of formation 
cuttings and enhance removal of heat from bit 10. As a 
result, the ROP and life of bit 10 may be advantageously 
enhanced. 

0079. As one skilled in the art will appreciate, numerous 
variations in the size, orientation, and locations of backup 
cutter elements 50 and primary cutter elements 40 within 
cone region 24 are possible. Certain features and variations 
of backup cutter elements 50 of bit 10 illustrated in FIGS. 
1-5 may be best understood with reference to schematic 
enlarged views of the primary blades 31, 32 within cone 
region 24 of bit 10. In addition, certain features and varia 
tions may be best understood with reference to rotated 
profile views, one associated with each enlarged view, in 
which the primary cutting faces 44 and backup cutting faces 
54 of each enlarged view can be viewed simultaneously in 
schematic fashion. 

0080. In the embodiments that follow, reference numerals 
40a-40h represent primary cutter elements disposed on 
primary blades 31, 32 within cone region 24 of bit 10. In 
particular, reference numerals 40a, 40c, 40e, and 40g rep 
resent primary cutter elements disposed on primary blade 
31, while reference numerals 40b, 40d, 40f and 40h repre 
sent primary cutter elements disposed on primary blade 32. 
Further, reference numerals 50a-50h represent backup cutter 
elements disposed on primary blades 31, 32 within cone 
region 24 of bit 10. In particular, reference numerals 50a, 
50c, 50e, and 50g represent backup cutter elements disposed 
on primary blade 31, while reference numerals 50b, 50d, 
50?, and 50h represent backup cutter elements disposed on 
primary blade 32. In addition, primary cutter elements 
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40a-40h include primary cutting faces 44a-44h, respec 
tively, and backup cutter elements 50a-50h include backup 
cutting faces 54a-54h, respectively. 

0081 FIG. 6A illustrates an embodiment of an arrange 
ment of primary blades, primary cutter elements, and backup 
cutter elements within cone region 24 of bit 10. FIG. 6B 
illustrates the rotated profile view of the primary cutting 
faces 44a-44h of primary cutter elements 40a-40h and 
backup cutting faces 54a-54h of backup cutter elements 
50a-50h shown in FIG. 6A. 

0082) Referring to FIG. 6A, cone region 24 of bit 10 
comprises two primary blades 31, 32 that extend radially 
outward from proximal central axis 11. In addition, bit 10 
comprises eight primary cutter elements 40a-40h within 
cone region 24 and eight backup cutter elements 50a-50h 
within cone region 24. In particular, primary blades 31, 32 
each include four primary cutter elements and four backup 
cutter elements. For instance, primary cutter elements 40a, 
40c, 40e, and 40g and backup cutter elements 50a, 50c, 50e, 
and 50g are disposed on primary blade 31 within cone region 
24 of bit 10. In different embodiments, each primary blade 
(e.g., primary blade 31, 32) may have any suitable number 
of primary cutting elements and backup cutting elements 
within cone region 24. 
0.083 Bit 10 rotates about central axis 11 in the cutting 
direction of arrow 18 such that primary blades 31, 32 follow 
each other. Further, as bit 10 rotates about central axis 11, the 
backup cutter elements trail the primary cutter elements 
provided on the same primary blade. For instance, backup 
cutter elements 50a, 50c, 50e, and 50g on primary blade 31 
are positioned behind, and hence trail, primary cutter ele 
ments 40a, 40c, 40e, and 40g on primary blade 31 as bit 10 
rotates, 

0084. The primary cutter elements are positioned adja 
cent each other substantially in a first row on each primary 
blade. For instance, primary cutter elements 40b, 40d, 40f 
and 40h are arranged substantially in a first row along 
primary blade 32. In addition, the backup cutter elements are 
positioned adjacent each other Substantially in a second row 
on each primary blade. For instance backup cutter elements 
50b, 50d, 50?, and 50h are arranged substantially in a second 
row along primary blade 32. Further, in the embodiment 
illustrated in FIG. 6A, the primary cutter elements and 
backup cutter elements are uniformly spaced on each pri 
mary blade. However, in general, the primary cutter ele 
ments and backup cutter elements may have any Suitable 
location, arrangement, geometry, and orientation. 

0085. In the embodiment shown in FIG. 6A, the center 
line on each backup cutter element Substantially coincides 
with the centerline of a primary cutter element on the same 
primary blade. For example, the centerline 80a of primary 
cutter element 4.0a is substantially the same as the centerline 
90a of backup cutter element 50a. In other embodiments, 
each backup cutter element may not share a centerline with 
a primary cutter element. For example, in some embodi 
ments, each backup cutter elements is staggered relative to 
a primary cutter elements on the same primary blade. 
0.086 As best seen in the rotated profile shown in FIG. 
6B, as a result of the position of the backup cutter elements 
50a-50h relative to the primary cutter elements 40a-40h, and 
due to the relative sizes of the backup cutting faces 54a-54h 

Nov. 15, 2007 

and primary cutting faces 44a-44h, each primary cutting 
face 44a-44h Substantially eclipses a backup cutting face 
54a-54h provided on the same primary blade. In other 
words, each backup cutting face passes completely through 
a path made by a primary cutting face on the same primary 
blade. For example, as bit 10 rotates about central axis 11, 
backup cutting face 54b on primary blade 32 passes com 
pletely within and through the path created by primary 
cutting face 44b on primary blade 32 Depending on a variety 
of factors including without limitation the size, location and 
arrangement of backup cutter elements and primary cutter 
elements, in some embodiments, the primary cutter elements 
may substantially eclipse, partially eclipse, or not eclipse 
each backup cutter element. As used herein, the term “sub 
stantially eclipse' is used to refer to a primary cutting face 
that overlaps more than 50% of the area of a backup cutting 
face. As used herein, the term “partially eclipse' is used to 
refer to a primary cutting face that overlaps less than 50% of 
the area of a backup cutting face 54. 

0087 Although the embodiment illustrated in FIG. 6B 
shows each primary cutting face 44a-44h and each backup 
cutting face 54a-54h as substantially circular, in different 
embodiments, the cutting face of each primary cutter ele 
ment and backup cutter element may be any suitable geom 
etry including without limitation, circular, oval, rectangular, 
triangular, or combinations thereof. 

0088 Still referring to the rotated profile shown in FIG. 
6B, the row of primary cutter elements 40a, 40c, 40e, and 
40g disposed on primary blade 31 are staggered relative to 
the row of primary cutter elements 40b, 40d, 40e, and 40g 
disposed on primary blade 32, such that in rotated profile, 
primary cutting faces 44a, 44c, 44e, and 44g on primary 
blade 31 sweep between primary cutting faces 44b, 44d, 44f. 
and 44g on primary blade 32, and vice versa. Thus, each 
primary cutting face on primary blade 31 fills a gap created 
between primary cutting faces on primary blade 32. For 
instance, in rotated profile, primary cutting face 44d on 
primary blade 32 rotates through the gap between primary 
cutting face 44c and 44e on primary blade 31. In addition, 
since the centerline of each backup cutter element Substan 
tially coincides with a primary cutter element on the same 
blade, the row of backup cutter elements 50a, 50c, 50e, and 
50g disposed on primary blade 31 are also staggered relative 
to the row of backup cutter elements 50b, 50d, 50?, and 50h 
disposed on primary blade 32. 

0089. As best seen in the rotated profile shown in FIG. 
6B, primary cutting faces 44a-44h have a greater extension 
height than backup cutting faces 54a-54h. As used herein, the 
term “extension height’ is used to describe the distance a 
cutter face extends from the cutter-supporting Surface of the 
blade to which it is attached. Thus, primary cutting faces 
44a-44h will engage a greater depth of formation than 
backup cutting faces 54a-54h. In some embodiments, one or 
more backup cutting face 54a-54h may have the same or a 
greater extension height than one or more primary cutting 
face 44a-44h. 

0090 Although the embodiment illustrated in FIGS. 6A 
and 6B shows all backup cutter elements 50a-50h as having 
Substantially the same geometry and orientation, and all 
primary cutter elements 40a-40h as having substantially the 
same geometry and orientation, in different embodiments 
the geometry and orientation of each backup cutter element 
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may vary and/or the geometry and orientation of each 
primary cutter element may vary. 
0.091 FIG. 7A illustrates another, embodiment of primary 
blades, primary cutter elements, and backup cutter elements 
within cone region 24 of bit 10. FIG. 7B illustrates the 
rotated profile view of the primary cutting faces 44a-44h of 
primary cutter elements 40a-40h and backup cutting faces 
54a-54h of backup cutter elements 50a-50h shown in FIG. 
7A. 

0092. The embodiment illustrated in FIGS. 7A and 7B is 
substantially the same as the embodiment illustrated in 
FIGS. 6A and 6B. However, in the embodiment shown in 
FIG. 7A, although backup cutter elements 50a-50h are 
generally smaller than primary cutter elements 40a-40h, 
backup cutting faces 54a-54h have an extension height equal 
to that of primary cutting faces 44a-44h. Thus, backup 
cutting faces 54a-54h will engage substantially the same 
depth of formation as primary cutting faces 44a-44h. 
0093 FIG. 8A illustrates another embodiment of primary 
blades, primary cutter elements, and backup cutter elements 
within cone region 24 of bit 10. FIG. 8B illustrates the 
rotated profile view of the primary cutting faces 44a-44h of 
primary cutter elements 40a-40h and backup cutting faces 
54a-54h of backup cutter elements 50a-50h shown in FIG. 
8A. 

0094. In the embodiment shown in FIG. 8A, a backup 
cutter element trails each primary cutter element, however, 
each backup cutter element is partially offset relative to the 
primary cutter element which it trails on the same primary 
blade. For instance, centerline 90a of backup cutter element 
50a is offset from centerline 80a of primary cutter element 
40a. In addition, primary cutter elements 40a-40h, and 
associated primary cutting faces 44a-44h, are relatively 
larger than backup cutter elements 50a-50h, and associated 
backup cutting faces 54a-54h. 
0.095 As best seen in the rotated profile shown in FIG. 
8B, as a result of the position of backup cutter elements 
50a-50h relative to the primary cutter elements 40a-40h, and 
due to the relative sizes of the backup cutting faces 54a-54h 
and primary cutting faces 44a-44h, each backup cutting face 
54a-54h is partially eclipsed by a primary cutting face on the 
same primary blade and partially eclipsed by a primary 
cutting face on a different primary blade. For example, 
backup cutting face 54b on primary blade 32 is partially 
eclipsed by primary cutting face 44b on primary blade 32 
and partially eclipsed by primary cutting face 44C on pri 
mary blade 32. 
0096) Still referring to the rotated profile shown in FIG. 
8B, the row of primary cutter elements 40a, 40c, 40e, and 
40g disposed on primary blade 31 are staggered relative to 
the row of primary cutter elements 40b, 40d, 40f and 40g 
disposed on primary blade 32, such that in rotated profile, 
primary cutting faces 44a, 44c, 44e, and 44g on primary 
blade 31 sweep between primary cutting faces 44b, 44d, 44f. 
and 44g on primary blade 32. Further, the row of backup 
cutter elements 50a, 50c, 50e, and 50g disposed on primary 
blade 31 are staggered relative to the row of backup cutter 
elements 50b, 50d, 50?, and 50h disposed on primary blade 
32, such that in rotated profile, backup cutting faces 54a, 
54c, 54e, and 54g disposed on primary blade 31 sweep 
between backup cutting faces 54b, 54d, 54f, and 54h dis 
posed on primary blade 32. 
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0097. In addition, as best seen in the rotated profile 
shown in FIG. 8B, although backup cutting faces 54a-54h 
are Smaller than primary cutting faces 44a-44h, backup 
cutting faces 44a-44h have substantially the same extension 
height as primary cutting faces 44a-44h. Thus, backup 
cutting faces 54a-54h will engage substantially the same 
depth of formation as primary cutting faces 44a-44h. 
0.098 FIG.9A illustrates another embodiment of primary 
blades, primary cutter elements, and backup cutter elements 
within cone region 24 of bit 10. FIG. 9B illustrates the 
rotated profile view of primary cutting faces 44a-44h and 
backup cutting faces 54a-54h shown in FIG. 9A. 
0099. In the embodiment shown in FIG.9A, each backup 
cutter element is offset relative to the primary cutter ele 
ments provided on the same primary blade. For instance, 
centerline 90a of backup cutter element 50a on primary 
blade 31 is offset relative to primary cutter elements 40a and 
40c on primary blade 31. In addition, primary cutter ele 
ments 40a-40h, and associated primary cutting faces 44a 
44h, are substantially the same size as backup cutter ele 
ments 50a-50h, and associated backup cutting faces 54a 
54h. 

0100. As best seen in FIG. 9B, in this embodiment, the 
amount of offset between the primary cutter elements 40a 
40h and backup cutter elements 50a-50h on each primary 
blade in combination with the relative sizes of the backup 
cutting faces 54a-54h and primary cutting faces 44a-44h 
results in no overlap between primary cutting faces and 
backup cutting faces on the same blade (e.g., each backup 
cutting face on a primary blade is not eclipsed by a primary 
cutting face on the same blade). For instance, in rotated 
profile, there is no overlap between primary cutting faces 
44a, 44c, 44e, and 44g on primary blade 31 and backup 
cutting faces 54a, 54c, 54e, and 54g on primary blade 31. 
0101 Still referring to the rotated profile shown in FIG. 
9B, the row of primary cutter elements 40a, 40c, 40e, and 
40g disposed on primary blade 31 are staggered relative to 
the row of primary cutter elements 40b, 40d, 40?, and 40g 
disposed on primary blade 32, such that in rotated profile, 
primary cutting faces 44a, 44c, 44e, and 44g on primary 
blade 31 sweep between primary cutter elements 44b, 44d, 
44f, and 44g on primary blade 32. Further, the row of backup 
cutter elements 50a, 50c, 50e, and 50g disposed on primary 
blade 31 are staggered relative to the row of backup cutter 
elements 50b, 50d, 50?, and 50h disposed on primary blade 
32, such that in rotated profile, backup cutting faces 54a, 
54c, 54e, and 54g disposed on primary blade 31 sweep 
between backup cutting faces 54b, 54d, 54f, and 54h dis 
posed on primary blade 32. However, in this embodiment, 
backup cutting faces 54a, 54c, 54e, and 54g on primary 
blade 31 are substantially eclipsed by primary cutter ele 
ments 44b, 44d, 44f, and 44h on primary blade 32. Similarly, 
backup cutting faces 54b, 54d, 54f, and 54h on primary 
blade 32 are substantially eclipsed by primary cutting faces 
44a, 44c., 44e, and 44f on primary blade 31. 
0102) In addition, as best seen in the rotated profile 
shown in FIG. 9B, although primary cutting faces 44a-44h 
and backup cutting faces 54a-54h are substantially the same 
size, backup cutting faces 54a-54h have greater extension 
heights than primary cutting faces 44a-44h. Thus, backup 
cutting faces 54a-54h will engage a greater depth of forma 
tion than primary cutting faces 44a-44h. 
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0103 FIG. 10A illustrates another embodiment of pri 
mary blades, primary cutter elements, and backup cutter 
elements within cone region 24 of bit 10. FIG. 10B illus 
trates the rotated profile view of the primary cutting faces 
44a-44h and backup cutting faces 54a-54h shown in FIG. 
10A 

0104. The embodiment illustrated in FIGS. 10A and 10B 
is substantially the same as the embodiment illustrated in 
FIGS. 8A and 8B. However, in the embodiment shown in 
FIGS. 10A and 10B, backup cutter elements 50a-50h, and 
associated backup cutting faces 54a-54h, are substantially 
the same size as primary cutter elements 50a-50h, and 
associated primary cutting faces 44a-44h. Further, backup 
cutting faces 54a-54h and primary cutting faces 44a-44h 
have Substantially the same extension height. Thus, backup 
cutting faces 54a-54h will engage substantially the same 
depth of formation as primary cutting faces 44a-44h. 

0105 The various embodiments described herein are 
intended to offer potential improvements over the prior art. 
Some embodiments of the present invention offer the poten 
tial of improving the ROP of bit 10 by reducing the number 
of relatively larger primary blades while maintaining the 
number of cutter elements within the cone region. In addi 
tion, by reducing the number of relatively large primary 
blades, embodiments of the present invention may allow for 
more advantageous positioning of drilling fluid nozzles 22 
about bit face 10. Optimal placement of nozzles 22 may 
enhance the flow of drilling fluid, thereby improving 
removal of formation cuttings from bit face 20 and from the 
bottom of the borehole, and improving removal of heat from 
bit 10. These potential improvements may in turn enhance 
the ROP and durability of bit 10. In addition, by reducing the 
number of primary blades and permitting for more location 
options for nozzles 22, embodiments of the present inven 
tion may reduce the complexity of drilling fluid channels 
within bit 10, potentially reducing the design and manufac 
turing costs of bit 10. 

0106 While specific preferred embodiments have been 
shown and described, modifications thereof can be made by 
one skilled in the art without departing from the scope or 
teaching herein. The embodiments described herein are 
exemplary only and are not limiting. For example, embodi 
ments described herein may be applied to any bit layout 
including without limitation single set bit designs where 
each cutter element has unique radial position along the 
rotated cutting profile, plural set bit designs where each 
cutter element has a redundant cutter element in the same 
radial position provided on a different blade when viewed in 
rotated profile, forward spiral bit designs, reverse spiral bit 
designs, or combinations thereof. In addition, embodiments 
described herein may also be applied to straight blade 
configurations or helix blade configurations. Many varia 
tions and modifications of the system and apparatus are 
possible. For instance, in the embodiments described herein, 
a variety of features including without limitation spacing 
between cutter elements, cutter element geometry and ori 
entation (e.g., backrake, siderake, etc.), cutter element loca 
tions, cutter element extension heights, cutter element mate 
rial properties, or combinations thereof may be varied 
among one or more primary cutter elements and/or one or 
more backup cutter elements. Accordingly, the scope of 
protection is not limited to the embodiments described 
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herein, but is only limited by the claims that follow, the 
scope of which shall include all equivalents of the subject 
matter of the claims. 

What is claimed is: 
1. A drill bit for drilling a borehole in earthen formations, 

the bit comprising: 
a bit body having a bit face comprising a cone region, a 

shoulder region, and a gage region; 
at least one primary blade disposed on the bit face, 

wherein the at least one primary blade extends into the 
cone region; 

a plurality of primary cutter elements mounted on the at 
least one primary blade in the cone region; 

a plurality of backup cutter elements mounted on the at 
least one primary blade in the cone region; 

wherein the at least one primary blade has a cone backup 
cutter density and a shoulder backup cutter density; and 

wherein the cone backup cutter density of the at least one 
primary blade is greater than the shoulder backup cutter 
density of the at least one primary blade. 

2. The drill bit of claim 1, wherein the at least one primary 
blade extends into the shoulder region, and wherein at least 
one primary cutter element is mounted on the at least one 
primary blade in the shoulder region. 

3. The drill bit of claim 1, wherein the at least one primary 
blade has a gage backup cutter density and wherein the cone 
backup cutter density of the at least one primary blade is 
greater than the gage backup cutter density of the at least one 
primary blade. 

4. The drill bit of claim 1, wherein the shoulder backup 
cutter density of the at least one primary blade is zero. 

5. The drill bit of claim 3, wherein the gage backup cutter 
density of the at least one primary blade is zero. 

6. The drill bit of 1 further comprising a central axis and 
an outer radius, wherein the cone region extends from the 
central axis to no more than 50% of the outer radius. 

7. The drill bit of claim 6, wherein the cone region extends 
from the central axis to no more than 30% of the outer 
radius. 

8. The drill bit of claim 1, wherein each primary cutter 
element includes a primary cutting face and wherein each 
backup cutter element includes a backup cutting face, 
wherein the primary cutting faces are forward facing and the 
backup cutting faces are forward facing. 

9. The drill bit of claim 1, wherein each primary cutter 
element includes a primary cutting face and wherein each 
backup cutter element includes a backup cutting face, 
wherein the primary cutter elements and the backup cutter 
elements are mounted on the at least one primary blade Such 
that, in rotated profile, each backup cutting face is Substan 
tially eclipsed by a primary cutting face. 

10. The drill bit of claim 1, wherein each primary cutter 
element includes a primary cutting face and wherein each 
backup cutter element includes a backup cutting face, 
wherein the primary cutter elements and the backup cutter 
elements are mounted on the at least one primary blade Such 
that, in rotated profile, each backup cutting face is partially 
eclipsed by a primary cutting face. 

11. The drill bit of claim 1, wherein the bit comprises no 
more than two primary blades. 
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12. A drill bit for drilling a borehole in earthen formations, 
the bit comprising: 

a bit body with a central axis and an outer radius; 
a bit face comprising an inner region extending from the 

central axis to no more than 50% of the outer radius, 
and an outer region between the inner region and the 
outer radius; 

at least one primary blade disposed on the bit face, 
wherein the at least one primary blade extends from 
proximal the central axis into the outer region; 

a plurality of primary cutter elements mounted on the at 
least one primary blade; 

a plurality of backup cutter elements mounted on the at 
least one primary blade; 

wherein the at least one primary blade has an inner backup 
cutter area and an outer backup cutter area; and 

wherein the inner backup cutter area of the at least one 
primary blade is greater than the outer backup cutter 
area of the at least one primary blade. 

13. The drill bit of claim 12, wherein the inner region 
extends from the central axis to no more than 30% of the 
outer radius 

14. The drill bit of claim 12, wherein the plurality of 
primary cutter elements are arranged Substantially in a first 
row along the at least one primary blade and the plurality of 
backup cutter elements are arranged Substantially in a sec 
ond row along the at least one primary blade. 

15. The drill bit of claim 12, wherein the outer backup 
cutter area of the at least one primary blade is Zero. 

16. The drill bit of claim 12, wherein each primary cutter 
element includes a primary cutting face and each backup 
cutter element includes a backup cutting face, wherein the 
primary cutter elements and the backup cutter elements are 
mounted on the at least one primary blade Such that, in 
rotated profile, each backup cutting face is substantially 
eclipsed by a primary cutting face. 

17. The drill bit of claim 12, wherein each primary cutter 
element includes a primary cutting face and each backup 
cuter element includes a backup cutting face, wherein the 
primary cutter elements and the backup cutter elements are 
mounted on the at least one primary blade Such that, in 
rotated profile, each backup cutting face is partially eclipsed 
by a primary cutting face. 

18. The drill bit of claim 12, wherein the bit comprises no 
more than three primary blades. 

19. The drill bit of claim 18, wherein the bit comprises no 
more than two primary blades. 

20. A drill bit for drilling a borehole in earthen formations, 
the bit comprising: 

a bit body having a central axis and a bit face comprising 
a cone region, a shoulder region, and a gage region; 

at least one primary blade disposed on the bit face, 
wherein the at least one primary blade begins Substan 
tially proximal the central axis and extends towards the 
gage region; 

at least one secondary blade disposed on the bit face, 
wherein the at least one secondary blade begins at a 
radial distance "D' from the central axis and extends 
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toward the gage region, the radial distance 'D' being a 
radius defining the cone region; 

a plurality of primary cutter elements mounted on the at 
least one primary blade, wherein the primary cutter 
elements are disposed in a first row extending along the 
at least one primary blade from Substantially proximal 
the central axis toward the gage region; 

a plurality of backup cutter elements mounted on the at 
least one primary blade, wherein the backup cutter 
elements are disposed in a second row extending along 
the at least one primary blade within the cone region. 

21. The drill bit of claim 20, wherein the bit body further 
comprises an outer radius, wherein the distance "D' is no 
more than 50% of the outer radius. 

22. The drill bit of claim 20, wherein the bit body further 
comprises an outer radius, wherein the distance "D' is no 
more than 30% of the outer radius. 

23. The drill bit of claim 21, wherein the at least one 
primary blade has a cone backup cutter density and a 
shoulder backup cutter density. 

24. The drill bit of claim 23, wherein the cone backup 
cutter density of the at least one primary blade is greater than 
the shoulder backup cutter density of the at least one primary 
blade. 

25. The drill bit of claim 24, wherein the shoulder backup 
cutter density of the at least one primary blade is zero. 

26. The drill bit of claim 21, wherein the at least one 
primary blade has a cone backup cutter area and a shoulder 
backup cutter area. 

27. The drill bit of claim 26, wherein the cone backup 
cutter area of the at least one primary blade is greater than 
the shoulder backup cutter area of the at least one primary 
blade. 

28. The drill bit of claim 27, wherein the shoulder backup 
cutter area of the at least one primary blade is Zero. 

29. A drill bit for drilling a borehole in earthen formations, 
the bit comprising: 

a bit body having a central axis and a bit face comprising 
a cone region, a shoulder region, and a gage region; 

at least one primary blade disposed on the bit face, 
wherein the at least one primary blade begins proximal 
the central axis and extends toward the gage region; 

a plurality of primary cutter elements mounted on the at 
least one primary blade in the cone region; 

a plurality of backup cutter elements mounted on the at 
least one primary blade in the cone region; and 

wherein the at least one primary blade is free of backup 
cutter elements in the shoulder region. 

30. The drill bit of claim 29, wherein the plurality of 
primary cutter elements are arranged in a first row along the 
at least one primary blade, and wherein the plurality of 
backup cutter elements are arranged in a second row along 
the at least one primary blade substantially parallel to the 
first row. 

31. The drill bit of claim 29, wherein the at least one 
primary blade is free of backup cutter elements in the gage 
region. 

32. The drill bit of claim 29, wherein each primary cutter 
element has a forward-facing primary cutting face and 
wherein each backup cutter element has a forward-facing 
backup cutting face, wherein the primary cutter elements 



US 2007/0261890 A1 

and the backup cutter elements are mounted on the at least 
one primary blade Such that, in rotated profile, each backup 
cutting face is Substantially eclipsed by a primary cutting 
face. 

33. The drill bit of claim 29, wherein each primary cutter 
element has a forward-facing primary cutting face and 
wherein each backup cutter element has a forward-facing 
backup cutting face, wherein the primary cutter elements 
and the backup cutter elements are mounted on the at least 
one primary blade Such that, in rotated profile, each backup 
cutting face is partially eclipsed by a primary cutting face. 

34. The drill bit of claim 29, wherein the bit further 
comprises an outer radius and at least one secondary blade, 
wherein the at least one secondary blade begins at a distance 
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“D’ from the central axis and extends toward the gage 
region. 

35. The drill bit of claim 36, wherein the distance “D” is 
no more than 50% of the outer radius. 

36. The drill bit of claim 35, wherein the distance “D” is 
no more than 30% of the outer radius. 

37. The drill bit of claim 29, wherein the bit comprises no 
more than three primary blades. 

38. The drill bit of claim 37, wherein the bit consists of 
two primary blades. 

39. The drill bit of claim 38, wherein the two primary 
blades are spaced generally opposite each other. 
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