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(57) ABSTRACT 

A method of optimizing drill bit design and an optimized drill 
bit for drilling a well into an earth formation comprising a bit 
body; a number of blades spaced around the bit body, each 
blade having a curved outer edge and a forward face; a first 
row of cutter pockets recessed into the face along the outer 
edge of each blade; a second group of cutter pockets recessed 
into the face of each blade offset from the first row; and a 
plurality of cutting elements, each cutting element being 
brazed into a different one of the cutter pockets. 
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DRILL BIT WITH CONTINUOUSLY SHARP 
EDGE CUTTING ELEMENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. None. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002. Not applicable. 

REFERENCE TO APPENDIX 

0003) Not applicable. 

BACKGROUND OF THE INVENTION 

0004. 1. Field of the Invention 
0005. The inventions disclosed and taught herein relate 
generally to drill bits for drilling wells; and more specifically 
related to drill bits with super-abrasive cutting elements for 
drilling wells in earth formations. 
0006 2. Description of the Related Art 
0007 U.S. Pat. No. 1,923,488 discloses “a well drilling 
tool. Such as a bit or the like, that embodies a simple, practical 
and improved cutting means whereby the tool is self-sharp 
ening through use.” 
0008 U.S. Pat. No. 3,140,748 discloses “an earth boring 
drill bit of the rigid bearingless type, known as a drag bit. 
Although the JO emphasis in this application is on the use of 
Such a bit in drilling through earth formations for oil, gas, and 
the like, it is to be understood that the invention is also useful 
in other earthboring applications, including mining and quar 
rying. Drilling bits that are characterized by long life under 
the above operating conditions, and that are also character 
ized by rapid penetration in a variety of formations from soft 
to hard, by low frequency of “pulls.” by maintenance of 
substantially full hole gauge and by limitation of hole devia 
tion within allowable limits, are very valuable to the petro 
leum industry. In addition, a satisfactory bit should be self 
sharpening; and it should also have a certain geometry to 
penetrate rapidly through various formations. Where this 
geometry is initially present in the bit, it should be retained as 
the bit wears in use. In some cases, however, the desired bit 
geometry is created only as the bit wears in use and, once 
created, should be retained during further use. It is accord 
ingly among the objects of this invention to provide a rotat 
able drag bit that will have the desirable characteristics men 
tioned above, including the capability of drilling in hard 
formations at a faster rate over longer periods of time than is 
obtainable with conventional bits, that will maintain a sub 
stantially full gauge hole in hard and abrasive rock forma 
tions, that will be self-sharpening, and that will have a wear 
pattern in use that will retain or create a desirable geometry 
for the bit. 
0009 U.S. Pat. No. 3,145,790 discloses “a milling tool 
(10) for processively cutting away a section of casing (14) 
installed within a well from the upper annular end (12) of the 
casing (14). The milling tool (10) includes a plurality of 
elongate blades (32) equally spaced from each other at inter 
vals between one and three inches about the periphery of the 
cylindrical body (18) of the milling tool (10). The blades (32) 
are inclined with respect to the axis of rotation and hard 
carbide cutting discs (34) arranged in horizontal rows on the 
blades (32) form the inclined leading planar face of the blades 
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(32), and the lowermost row of discs (34) forms a cutting edge 
with a negative rake engaging the upper end (12) of the casing 
(14) in a cutting operation.” 
(0010 U.S. Pat. No. 4,533,004 discloses “a self-sharpen 
ing rotary drag bit assembly comprises: (a) a carrier body 
adapted to be rotated about a first axis, and having a drilling 
end, (b) cutters carried by the body to be exposed for cutting 
at the drilling end of the body, the cutters having thereon 
layers of hard materials defining cutting edges to engage and 
cut the drilled formation as the body rotates, the cutters also 
including reinforcement material Supporting said layers to 
resist deflection thereofunder cutting loads, (c) said body and 
said reinforcement material being characterized as abradable 
by the formation as the bit drilling end rotates in engagement 
with the formation.” 
(0011 U.S. Pat. No. 4,719,979 discloses “drag-type drill 
ing bits are disclosed which have at least one blade and a 
plurality of fluid flow channels incorporated in the blade for 
conducting drilling fluid or drilling mud from the hollow 
interior of the bit to discharge or ejection ports located in the 
front cutting edge of the blade. Rods of diamonds or of like 
“hard cutter insert materials are incorporated in the blade in 
Such a configuration that as the blade wears away or erodes 
and Small pieces of diamonds are lost during drilling, more 
diamonds are exposed to the formation for drilling. During 
erosion or wear of the blades, the fluid discharge ports con 
tinue to operate to eject drilling fluid adjacent to Substantially 
each diamond rod, whereby the flushing away of cuttings and 
cooling of the diamonds is greatly improved. In some 
embodiments of the invention rods of alternating hard and 
soft materials are also disposed substantially parallel with the 
diamond or like “hard' cutter insert rods. When the soft 
material of the rods is exposed for drilling the formation, kerfs 
are formed which are thereafter “chipped away” by the sub 
sequently exposed hard material of the rods.” 
(0012 U.S. Pat. No. 4,813,500 discloses “a fishtail type 
drag bit having abradable cutter blades attached to a body of 
the bit is disclosed. A multiplicity of axially aligned tubes are 
welded together to form a blade each blade being substan 
tially parallel with an axis of the bit body. Each tube of the 
blade contains an annulus of a diamond cutter material 
matrix. The center of the annulus forms a fluid conduit that 
communicates with a fluid plenum chamber formed by the 
body of the bit. The cutting edge of the diamond matrix 
therefore, is always immediately adjacent the fluid nozzle 
regardless of the degree of blade erosion during operation of 
the bit in a subterranean formation.” 

0013 U.S. Pat. No. 4,913,247 discloses “drill bits that 
include a body member with cutter blades having a generally 
parabolic bottom profile. The cutter blades each include a 
diamond cutting face which increases in vertical height gen 
erally as a function of increased distance from the center line 
of the bit. The increased height allows the bits to provide a 
desired total diamond cutting Volume at each radius of the bit, 
while allowing the diamond contact area to remain generally 
constant as the bit wears.” 

(0014 U.S. Pat. No. 5,025,873 discloses “a rotary drill bit 
including a cutting structure comprising an array of cutting 
elements oriented and arranged to facilitate concentration of 
the load on bit on groups of cutting elements until the ele 
ments become dulled or worn, at which point fresh cutting 
elements are exposed to engage the formation and tube the 
concentrated bit loading. Preferably, the cutting elements are 
configured and/or Supported to break away from the cutting 
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structure when worn to a certain extent, thereby facilitating 
exposure of fresh cutting elements to engage the formation.” 
0015 U.S. Pat. No. 5,103,922 discloses “a fishtail type 
drag bit is disclosed consisting of multiple blades, each blade 
forming radially disposed grooves. Each groove contains 
equidistantly spaced diamond cutters along its length. The 
cutters are additionally oriented at a negative rake angle with 
respect to a borehole bottom. The vertical alignment of the 
diamond cutters paralleling an axis of the bit are staggered to 
destroy kerfs which remain in the formation from preceding 
eroded rows of diamond cutters as the bit works in the bore 
hole. 

0016 U.S. Pat. No. 5,147,001 discloses “a cutting struc 
ture for earth boring drill bits and a bit including at least one 
Such structure comprising a substantially planar array of cut 
ting elements arranged in Substantially contiguous mutual 
proximity, the array incorporating at least one discontinuity 
therein dividing it into a plurality of sub-arrays.” 
0017 U.S. Pat. No. 5,238,074 discloses “a cutter for a 
rotating drag bit which has a cutting face formed from a 
plurality of polycrystalline diamond compact (PCD) ele 
ments. The elements can be of varying thickness and/or vary 
ing hardness to provide a cutting edge having a nonuniform 
wear pattern. Also provided is a cutter which includes two 
layers of PCD elements. The PCD elements can be of varying 
thickness and/or hardness to provide a cutter which presents 
a cutting edge having a wear ratio which varies with cutter 
wear. Also provided is an impact cutter having a cutting 
surface formed from one or more layers of PCD elements.” 
0018 U.S. Pat. No. 5,551,522 discloses “A fixed cutter 

drill bit includes a cutting structure having radially-spaced 
sets of cutter elements. The cutter element sets preferably 
overlap in rotated profile and include at least one low profile 
cutter element and at least two high profile elements. The low 
profile element is mounted so as to have a relatively low 
exposure height. The high profile elements are mounted at 
exposure heights that are greater than the exposure height of 
the low profile element, and are radially spaced from the low 
profile element on the bit face. The high profile elements may 
be mounted at the same radial position but at differing expo 
Sure heights, or may be mounted at the same exposure heights 
but at different radial positions relative to the bit axis. Pro 
viding this arrangement of low and high profile cutter ele 
ments tends to increase the bit's ability to resist vibration and 
provides an aggressive cutting structure, even after significant 
wear has occurred.” 

0019 U.S. Pat. No. 5,816,346 discloses “a rotary drill bit 
for drilling subsurface formations comprises a bit body hav 
ing a shank for connection to a drill string, a plurality of 
primary blades and at least one secondary blade circumfer 
entially spaced and extending outwardly away from a central 
axis of rotation of the bit, a plurality of cutters mounted along 
each blade, a majority of the cutters mounted on each of the 
primary blades having a greater exposure than a majority of 
the cutters on the secondary blade, and a Sweep angle of the 
secondary blade is less than a Sweep angle of the primary 
blades. The drill bit will exhibit a rate-of-penetration as a 
function of the size of the cutters on the primary blades, and 
exhibit a torque profile as a function of the size of the cutters 
on the at least one secondary blade.” 
0020 U.S. Pat. No. 5,957,227 discloses “a drilling tool 
has several blades 16 each defining an outside wall 20 and two 
side walls 22, 24. The blades are separated by recesses 18, 
primary bits 28 are located along the outside wall of the 
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blades, and secondary or backup bits 40 are attached behind 
the primary bits in relation to the direction of travel (f) of the 
tool. Each of the blades defines at least one divergent tunnel or 
channel 30 having Small entry opening 32 located in the 
outside wall of the blade, behind the primary bits, and a larger 
exit opening 34 located on the rear side of the blade. The 
secondary bits are mounted at the rear edge of the entry 
opening, and the channel serves to discharge material exca 
vated by them.” 
0021 U.S. Pat. No. 5,979,571 discloses “a combination 
metal milling and earth drilling tool, for use in performing a 
single trip kickoff from a casing in a well bore. The combi 
nation milling and drilling tool has a first, relatively more 
durable cutting structure. Such as tungsten carbide, and a 
second, relatively harder cutting structure. Such as polycrys 
talline diamond. The more durable first cutting structure is 
better Suited for milling metal casing, while the harder second 
cutting structure is better suited for drilling through a subter 
ranean formation, especially a rock formation. The first cut 
ting structure is positioned outwardly relative to the second 
cutting structure, so that the first cutting structure will mill 
through the metal casing while shielding the second cutting 
structure from contact with the casing. The first cutting struc 
ture can wear away while milling through the casing and upon 
initial contact with the rock formation, thereby exposing the 
second cutting structure to contact with the rock formation. 
The second cutting structure can then be used to drill through 
the rock formation.” 

0022 U.S. Pat. No. 5,992,549 discloses “a cutting struc 
ture for a rotary drag-type drill bit includes a preform cutting 
element mounted on a carrier which, in use, is mounted on the 
drill bit and comprises a front facing table of superhard mate 
rial bonded to a less hard substrate. A portion of the carrier on 
which the preform cutting element is mounted is shaped, 
adjacent the cutting element, for engagement by a chip of 
formation material being removed by the cutting element 
from the formation being drilled so as to tend to break the chip 
away from the surface of the formation. A portion of the 
carrier, or a portion of the bit body itself, may also be shaped, 
adjacent the cutting element, to direct to a location in front of 
the cutting element a flow of drilling fluid which impinges on 
said Surface So as to assist in chip removal.” 
0023 U.S. Pat. No. 6,283,233 discloses “a drill and/or 
core tool, in particular for oil drilling and/or coring, compris 
ing a body (2) showing a Substantially cylindrical peripheral 
surface (3) and a front (4), blades (5) which extend from the 
front (4) till over the peripheral surface (3) and which show 
each a leading edge (6), possibly PDC cutting elements (7) 
which are situated at least in a central area (15A) of the front 
(4) and the longitudinal axes of which are transverse to the 
rotation axis of the tool (1), and comprising moreover, on at 
least one blade (5), outside said central area (15A): PDC (7C) 
and/or secondary (10) cutting elements which show each a 
cutting edge (8), forming together the leading edge (6) of the 
blade (5), and the longitudinal axis of which is transverse to 
the rotation axis, and at least one associated cutting element 
(10A) which is situated behind at least one of the PDC (7C) or 
secondary (10) cutting elements, which shows a cross-section 
of the same shape, at least for its portion protruding from the 
blade (5), than that of the PDC (7C) or secondary (10) cutting 
element, and which is disposed on the same blade (5).” 
(0024 U.S. Pat. No. 6,328,117 discloses “a chip breaker 
for use in a fixed-cutter, rotary-type drill bit used in drilling 
subterranean formations is disclosed. The chip breaker 
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includes a knife-like protrusion positioned proximate a cut 
ting element and adjacent or in a fluid course defined by the 
drill bit body. As formation chips, shavings, or cuttings are 
generated during drilling, the chips move over the protrusion 
and are split or scribed by the protrusion. Drilling fluid breaks 
the split or scribed chips away from the surface of the fluid 
course adjacent the cutting element and transports them 
through the junk slots. Additionally, chip splitters may be 
positioned on ramped surfaces that further lift the formation 
chips away from the surface of the fluid course.” 
0025 U.S. Pat. No. 6,408,958 discloses “a cutting 
assembly comprised of first and second Superabrasive cutting 
elements including at least one rotationally leading cutting 
element having a cutting face oriented generally in a direction 
of intended rotation of a bit on which the assembly is mounted 
to cuta Subterranean formation with a cutting edge at an outer 
periphery of the cutting face, and a rotationally trailing cut 
ting element oriented Substantially transverse to the direction 
of intended bit rotation and including a relatively thick 
superabrasive table configured to cut the formation with a 
cutting edge located between a beveled surface at the side of 
the superabrasive table and an end face thereof. A rotationally 
trailing cutting element may be associated with and disposed 
at a location on the bit at least partially laterally intermediate 
locations of two rotationally leading cutting elements. Drill 
bits equipped with the cutting assembly are also disclosed.” 
0026 U.S. Pat. No. 6,883,623 discloses “a rotary drill bit 
for drilling Subterranean formations configured with at least 
one protective structure proximate to the rotationally leading 
and trailing edges of a gage trimmer, wherein the at least one 
protective structure is positioned at Substantially the same 
exposure as its associated gage trimmer. Particularly, the 
apparatus of the present invention may provide protection for 
gage trimmers during drilling, tripping, and/or rotation within 
a casing; i.e., when changing a drilling fluid. Protective struc 
tures may be configured and located according to anticipated 
drilling conditions including helix angles. In addition, a pro 
tective structure may be proximate to more than one gage 
trimmer while having a Substantially equal exposure to each 
associated gage trimmer. Methods of use and a method of 
rotary bit design are also disclosed.” 
0027 U.S. Pat. No. 7,025,156 discloses “a rotary drill bit 

is used both for milling a casing window and drilling a lateral 
borehole into subterranean earthen materials, without the 
prior need of having separate drill bits for milling of the 
casing and for drilling of the borehole. The rotary drill bit is 
lowered into a casing set within a borehole; and the drill bit is 
rotated to engage an inner Surface of the casing. A first set of 
cutting elements on the drill bit remove casing material to mill 
a casing window. The drill bit is then moved through the 
casing window so that a second set of cutting elements on the 
drill bit create a lateral wellbore in subterranean earthen mate 
rial. 

0028 U.S. Pat. No. 7,048,081 discloses “a superabrasive 
cutting element for use with a drill bit for drilling subterra 
nean formations and having a Superabrasive table, or cutting 
face, in which a conglomerate of Superabrasive particles is 
dispersed and bonded, or sintered, and in which at least one 
exposed cutting region of the Superabrasive table develops a 
rough, asperital Surface for improving the cutting efficiency 
of the drill bit, particularly in but not limited to relatively hard, 
relatively nonabrasive formations. The superabrasive table 
may include Superabrasive particles of substantially differing 
size, or quality or a combination of differing size and quality. 
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A rotary drill bit including cutting elements embodying the 
present invention is also disclosed.” 
0029 U.S. Pat. No. 7,237,628 discloses “a drill bit with 
non-cutting erosion resistant inserts. In one illustrative 
embodiment, the apparatus comprises a matrix drill bit body 
comprising a plurality of blades, a plurality of cutting ele 
ments positioned on each of the blades, the cutting elements 
defining a plurality of web regions, and a plurality of spaced 
apart, non-cutting erosion resistant inserts positioned along a 
face of at least one of the blades, at least a portion of each of 
the non-cutting erosion resistant inserts being positioned in 
front of one of the web regions.” 
0030 U.S. Pat. No. 7,278.499 discloses “a rotary drag 
bit including an inverted cone geometry proximate the longi 
tudinal axis thereof is disclosed. The inverted cone region 
may include a central region, the central region including a 
plurality of cutting structures affixed thereto and arranged 
along at least one spiral path. The at least one spiral path may 
encircle its center of revolution at least once within the 
inverted cone region. A cone region displacement and a 
method for manufacturing a rotary drag bit therewith are 
disclosed. At least one groove may beformed within the cone 
region displacement along a respective at least one spiral 
path, the at least one spiral path encircling its center of revo 
lution at least once. A plurality of cutting structures may be 
placed within the at least one groove and the cone region 
displacement may be placed within a mold for filling with an 
infiltratable powder and infiltrating with a hardenable infil 
trant 
0031 U.S. Patent Application No. 20070261890 discloses 
“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 pri 
mary 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 den 
sity of the at least one primary blade.” 
0032. The inventions disclosed and taught herein are 
directed to an improved drill bit with continuously sharp 
cutting elements. 

BRIEF SUMMARY OF THE INVENTION 

0033. The invention relates to a drill bit, such as for drill 
ing a well into an earth formation, comprising a bit body, a 
plurality of blades spaced around the bit body, with each 
blade having a curved outer edge and a substantially flat 
forward face. A first row of cutter pockets are at least partially 
recessed into the face along the outer edge of each blade, 
forming a first curved cutting profile, and a second row of 
cutter pockets are at least partially recessed into the face of 
each blade offset from the first row, forming a second curved 
cutting profile. The second profile may be substantially iden 
tical to the first profile. In some embodiments, the second 
profile is offset vertically from the first profile. A plurality of 
cutting elements are preferably brazed into a different one of 
the cutter pockets. The pockets provide lateral support for the 



US 2010/0089661 A1 

cutting elements. The cutting elements in the first row may be 
substantially identical to or different from the cutting ele 
ments in the second row. The cutting elements preferably 
extend from within the blade, through the face, and into a slot 
between the blades of the drill bit. 
0034. The drill bit may be used by rotating the drill bit and 
eroding or abrading the blades beyond cutting elements of a 
first row, thereby exposing cutting elements of a second row 
to the earth formation. Thus, at least initially, none of the 
cutting elements in the second row directly contact the for 
mation until one or more cutting elements of the first row has 
eroded away from the blade. The bit body, blades, and pockets 
may be substantially simultaneously formed as a single uni 
tary structure. Alternatively, the bit body, blades, and the first 
row of cutter pockets may be substantially simultaneously 
formed, with the second row of cutter pockets being formed in 
the blades thereafter. In some embodiments, the drill bit is 
assembled from individual components, such that the bit 
body and blades are formed separately. This allows the first 
and second rows of cutter pockets to be formed in each blade 
before the blade is welded or otherwise secured to the bit 
body. 
0035. The invention also relates to a method of optimizing 

drill bits, such as those for drilling a well into an earth for 
mation. Optimization of a drill bit includes consideration of 
many factors, such as the size, shape, spacing, orientation, 
and number of blades; the size, shape, spacing, orientation, 
and number of cutters, or cutting elements; as well as the 
materials of the bit body, blades, cutting tables, and cutter 
substrates. All of these factors may be considered in light of 
the materials of the earth formation(s) for which the drill bit is 
designed. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0036 FIG. 1 illustrates a perspective view of an exemplary 
drill bit incorporating cutting elements and embodying cer 
tain aspects of the present inventions; 
0037 FIG. 2 is an enlarged perspective view of an exem 
plary cutting element embodying certain aspects of the 
present inventions; 
0038 FIG.3 is a partial elevation view of a blade of a drill 
bit according to certain aspects of the present inventions; 
0039 FIG. 4 is another partial elevation view of a blade of 
a drill bit according to certain aspects of the present inven 
tions; 
0040 FIG. 5 is a close-up partial elevation view of a blade 
of a drill bit according to certain aspects of the present inven 
tions; 
0041 FIG. 6 is a partial sectional view of a blade of a drill 

bit according to certain aspects of the present inventions; 
0042 FIG. 7 is a graph showing wear flat areas of standard 
and optimized drill bits: 
0043 FIG. 8 is a graph showing wear flat areas of standard 
and a preferred embodiment of an optimized drill bit accord 
ing to certain aspects of the present inventions; 
0044 FIG. 9 is a graph showing a relationship between 
wear and performance for drill bits: 
004.5 FIG. 10 is another partial elevation view of a blade 
of a drill bit according to certain aspects of the present inven 
tions; 
0046 FIG. 11 is another partial elevation view of a blade 
of a drill bit according to certain aspects of the present inven 
tions; 
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0047 FIG. 12 is another partial elevation view of a blade 
of a drill bit according to certain aspects of the present inven 
tions; 
0048 FIG. 13 is another partial elevation view of a blade 
of a drill bit according to certain aspects of the present inven 
tions; and 
0049 FIG. 14 is another partial elevation view of a blade 
of a drill bit according to certain aspects of the present inven 
tions. 

DETAILED DESCRIPTION 

0050. 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 pro 
tection 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 understand 
ing. Persons of skill in this art will also appreciate that the 
development of an actual commercial embodiment incorpo 
rating aspects of the present inventions will require numerous 
implementation-specific decisions to achieve the developer's 
ultimate goal for the commercial embodiment. Such imple 
mentation-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-con 
Suming in an absolute sense. Such efforts would be, neverthe 
less, a routine undertaking for those of skill 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.” 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. 
0051 Particular embodiments of the invention may be 
described below with reference to block diagrams and/or 
operational illustrations of methods. In some alternate imple 
mentations, the functions/actions/structures noted in the fig 
ures may occur out of the order noted in the block diagrams 
and/or operational illustrations. For example, two operations 
shown as occurring in Succession, in fact, may be executed 
Substantially concurrently or the operations may be executed 
in the reverse order, depending upon the functionality/acts/ 
structure involved. 
0.052 Applicants have created a method for optimizing 
drill bit design and several embodiments of an optimized drill 
bit for drilling a well in an earth formation. In one embodi 
ment, the optimized drill bit comprises a bit body; a plurality 
of blades spaced along the bit body, each blade having a 
curved outer edge and a forward face; a first row of cutter 
pockets recessed into the face along the outer edge of each 
blade; a second group of cutter pockets recessed into the face 
of each blade offset vertically from the first row; and a plu 
rality of cutting elements, with each cutting element brazed or 
otherwise secured into a different one of the cutter pockets. 
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0053 FIG. 1 is an illustration of a drill bit 10 that includes 
a bit body 12 having a conventional pin end 14 to provide a 
threaded connection to a conventional jointed tubular drill 
string rotationally and longitudinally driven by a drilling rig. 
Alternatively, the drill bit 10 may be connected in a manner 
known within the art to a bottomhole assembly which, in turn, 
is connected to a tubular drill string or to an essentially con 
tinuous coil of tubing. Such bottomhole assemblies may 
include a downhole motor to rotate the drill bit 10 in addition 
to, or in lieu of, being rotated by a rotary table or top drive 
located at the surface or on an offshore platform (not shown 
within the drawings). Furthermore, the conventional pin end 
14 may optionally be replaced with various alternative con 
nection structures known within the art. Thus, the drill bit 10 
may readily be adapted to a wide variety of mechanisms and 
structures used for drilling Subterranean formations. 
0054 The drill bit 10, and select components thereof, are 
preferably similar to those disclosed in U.S. Pat. No. 7,048, 
081, which is incorporated herein by specific reference. In 
any case, the drill bit 10 preferably includes a plurality of 
blades 16 each having a forward facing surface, or face 18. 
The drill bit 10 may have anywhere from two to sixteenblades 
16. In a preferred embodiment, the drill bit 10 has three 
blades, which has been found to actually reduce wear, 
improve penetration, and increase cutter life. For example, 
according to one example, an eight bladed bit experienced 
60% more wear that a three bladed bit, under identical cir 
cumstances. While in one preferred embodiment, the face 18 
is substantially flat, it may be concave and/or convex. 
0055. The drill bit 10 also preferably includes a first, or 
primary, row of face cutters, or cutting elements, 20 secured 
directly to the blades 16. The drill bit 10 also preferably 
includes a plurality of nozzles 22 to distribute drilling fluid to 
cool and lubricate the drill bit 10 and remove cuttings. As 
customary in the art, gage 24 is the maximum diameter which 
the drill bit 10 is to have about its periphery. The gage 24 will 
thus determine the minimum diameter of the resulting bore 
hole that the drill bit 10 will produce when placed into ser 
vice. The gage of a small drill bit may be as Small as a few 
centimeters and the gage of an extremely large drill bit may 
approach a meter, or more. Between each blade 16, the drill 
bit 10 preferably has fluid slots, or passages, 26 into with the 
drilling fluid is fed by the nozzles 22. 
0056. An exemplary cutting element 20 of the present 
invention, as shown in FIG. 2, includes a Super-abrasive cut 
ting table 28 of circular, rectangular or other polygon, oval, 
truncated circular, triangular, or other Suitable cross-section. 
The super-abrasive table 28, exhibiting a circular cross-sec 
tion and an overall cylindrical configuration, or shape, is 
suitable for a wide variety of drill bits and drilling applica 
tions. The super-abrasive table 28 of the cutting element 20 is 
preferably formed with a conglomerated super-abrasive 
material. Such as a polycrystalline diamond compact (PDC), 
with an exposed cutting face 30. The cutting face 30 will 
typically have a top 30A and a side 30B with the peripheral 
junction thereof serving as the cutting region of the cutting 
face 30 and more precisely a cutting edge 30C of the cutting 
face 30, which is usually the first portion of the cutting face 30 
to contact and thus initially “cut” the formation as the drill bit 
10 retaining the cutting element 20 progressively drills a bore 
hole. The cutting edge 3.0C may be a relatively sharp approxi 
mately ninety-degree edge, or may be beveled or rounded. 
The super-abrasive table 28 will also typically have a primary 
underside, or attachment, interface joined during the sintering 
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of the diamond, or Super-abrasive, layer forming the Super 
abrasive table 28 to a supporting substrate 32 typically 
formed of a hard and relatively tough material Such as a 
cemented tungsten carbide or other carbide. The substrate 32 
may be preformed in a desired shape Such that a volume of 
particulate diamond material may be formed into a polycrys 
talline cutting, or Super-abrasive, table 28 thereon and simul 
taneously strongly bonded to the Substrate 32 during high 
pressure high temperature (HPHT) sintering techniques prac 
ticed within the art. Alternatively, the substrate 32 may be 
formed of steel, or other strong material with an abrasion 
resistance less than that of tungsten carbide and/or the earth 
formation being drilled. In still other embodiments, the sub 
strate 32 may comprise a relatively thin tungsten carbidelayer 
backed by a steel body. 
0057. In any case, the substrate 32 may be cylindrical, 
conical, tapered, and/or rectangular in over-all shape, as well 
as, circular, rectangular or other polygon, oval, truncated 
circular, and/or triangular, in cross-section. A unitary cutting 
element 20 will thus be provided that may then be secured to 
the drill bit 10 by brazing or other techniques known within 
the art, such as gluing, press fitting, and/or using a stud 
mounting technique. 
0058. In accordance with the present invention, the super 
abrasive table 28 preferably comprises a heterogeneous con 
glomerate type of PDC layer or diamond matrix in which at 
least two different nominal sizes and wear characteristics of 
Super-abrasive particles, such as diamonds of differing 
grains, or sizes, are included to ultimately develop a rough, or 
rough cut, cutting face 30, particularly with respect to the 
cutting face side 30B and most particularly with respect to the 
cutting edge 30C. In one embodiment, larger diamonds may 
range upwards of approximately 600 um, with a preferred 
range of approximately 100 um to approximately 600 um, and 
Smaller diamonds, or Super-abrasive particles, may prefer 
ably range from about 15 um to about 100 um. In another 
embodiment, larger diamonds may range upwards of 
approximately 500 um, with a preferred range of approxi 
mately 100 um to approximately 250 um, and Smaller dia 
monds, or Super-abrasive particles, may preferably range 
from about 15um to about 40 um. 
0059. The specific grit size of larger diamonds, the specific 
grit size of smaller diamonds, the thickness of the cutting face 
30 of the super-abrasive table 28, the amount and type of 
sintering agent, as well as the respective large and Small 
diamond Volume fractions, may be adjusted to optimize the 
cutter 20 for cutting particular formations exhibiting particu 
lar hardness and particular abrasiveness characteristics. The 
relative, desirable particle size relationship of larger dia 
monds and Smaller diamonds may be characterized as a 
tradeoff between strength and cutter aggressiveness. On the 
one hand, the desirability of the super-abrasive table 28 hold 
ing on to the larger particles during drilling would dictate a 
relatively smaller difference in average particle size between 
the smaller and larger diamonds. On the other hand, the 
desirability of providing a rough cutting Surface would dictate 
a relatively larger difference in average particle size between 
the Smaller and larger diamonds. Furthermore, the immedi 
ately preceding factors may be adjusted to optimize the cutter 
20 for the average rotational speed at which the cutting ele 
ment 20 will engage the formation as well as for the magni 
tude of normal force and torque to which each cutter 20 will 
be subjected while in service as a result of the rotational 
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speeds and the amount of weight, or longitudinal force, likely 
to be placed on the drill bit 10 during drilling. 
0060. While PDC cutters, such as those discussed above, 
are used in a preferred embodiment, other cutters may be used 
alternatively and/or additionally. For example, cutters made 
of thermally stable polycrystalline (TSP) diamond, in trian 
gular, pin, and/or circular configuration, cubic boron nitride 
(CBN), and/or other superabrasive materials may be used. In 
Some embodiments, even simple carbide cutters may be used. 
0061 Referring also to FIG. 3, the first, or primary, row of 
face cutters 20 are preferably spaced along a curved outer 
edge 34 of the face 18 of each blade 16, forming a first, or 
primary, curved cutting profile 36. The first row of face cut 
ting elements 20 are preferably recessed into both the outer 
edge 34 and the face 18 at an angle that provides a negative 
back rake to the cutting face 30. In the preferred embodiment, 
each blade 16 further includes a second, or secondary, row of 
face cutting elements 38. The secondary row of face cutting 
elements 38 preferably forms a second, or secondary, curved 
cutting profile 40. The second profile 40 is preferably offset 
from the first profile 36, but may otherwise be identical to the 
first profile 36. In a preferred embodiment, the second profile 
40 is offset substantially vertically from the first profile 36. 
When the drill bit 10 is in use, as will be discussed in more 
detail below, the second profile 40 is preferably offset 
upwardly from the first profile 36. Because the second profile 
40 may be offset substantially vertically from the first profile 
36, the gage 24 may remain substantially the same after 
transitioning to the second row of face cutters 38, as will be 
discussed in more detail below. 
0062 Referring also to FIG. 4, the first row of face cutters 
20 may be of a different size, shape, configuration, and/or 
composition when compared to the second row of face cutters 
38. For example, as shown, the first row of cutting elements 
20 may be substantially square in cross-section, while the 
second row of cutting elements 38 are substantially triangular 
in cross-section. However, any of the above discussed con 
figurations of the individual face cutters 20.38 may be embod 
ied in the first and/or second rows. 

0063 Referring also to FIG.5 and FIG.6, each cutter 20 of 
the first row is preferably disposed at least partially within an 
individual cutter pocket 42. Likewise, each cutter 38 of the 
second row is preferably disposed at least partially within an 
individual cutter pocket 44. Therefore, the cutter pockets 
42.44 are also arranged in first and second rows that follow 
the first and second curved cutting profiles 36.40. As shown, 
the first row of pockets 42 are at least partially recessed into 
the face 18 of the blades 16, along the outer edge 34. The first 
row of pockets 42, therefore, preferably leave a portion of the 
first row of face cutters 20 exposed to the formation being 
drilled. At least initially, the second row of pockets 44 are 
recessed into the face 18 of the blades 16 offset from the first 
row of pockets 42, according to the cutting profiles 36.40. 
Therefore, the second row of face cutters 38 may not initially 
contact the formation directly. Each pocket 42.44 preferably 
holds one of the face cutters 20.38, thereby providing lateral 
support to each cutter 20,38. Each of the face cutters 20.38, 
preferably extends from within its pocket 42.44 through the 
face 18 of the blade 16 and into the slot 26 in front of the blade 
16. 

0064. As the drill bit 10 is used, the first row of cutting 
elements 20 is worn and eventually erodes away. The blades 
16 are normally protected from contact with the formation 
being drilled by the first row of face cutters 20. When one or 
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more of the cutters from the first row of face cutters 20 wear, 
or erode away, the blades 16 themselves are forced into con 
tact with the formation causing relatively rapid wear or ero 
sion, or abrasion, of the blades 16 with little if any cutting of 
the formation. This relatively rapid wear of the blade 16 
eventually exposes, to the formation, one or more cutters 
from the second row of face cutting elements 38. The second 
row of face cutting elements 38 then begin cutting through the 
formation. Therefore, the drill bit 10 can remain in service 
long after any one or more of the first row of face cutters 20 
has completely worn away, thereby reducing downtime and 
expense associated with bit changes. 
0065. It can be seen that the present invention provides 
more than a single row of face cutters 20.38. These first, or 
primary, and second, or secondary, face cutters 20.38 are not 
to be confused with backup cutters commonly placed on the 
outer edge of the blades 16 behind the first row of cutters 20. 
Rather, the secondary face cutters 38 are placed on the face 18 
of the blades 16, offset from the primary face cutters 20. In 
one preferred embodiment, the offset is preferably vertical, 
such that the secondary face cutters 38 are higher on the face 
18 of the blades 16, with respect to the primary face cutters 20, 
when the drill bit 10 is in use. 
0066. The blades 16 are typically made from steel or a 
metal binder matrix. Such as a matrix of carbide powder 
impregnated with an alloy binder during a casting process. 
For example, the drill bit 10 may be constructed as a matrix 
style drill bit using an infiltration casting process whereby a 
copper alloy binder is heated past its melting temperature and 
allowed to flow, under the influence of gravity, into a matrix of 
carbide powder packed into, and shaped by, a graphite mold. 
The mold is preferably a graphite negative of the shape of the 
drill bit 10. The mold preferably contains the shapes of the 
blades 16 and slots 26 of the drill bit 10, creating a form for the 
matrix. Other features may be made from clay and/or sand 
and attached to the mold. 
0067. A mold assembly may also include one or more 
displacement elements. For example, the mold assembly may 
include a plurality of nozzle displacements to accommodate 
the eventual installation of the nozzles 22. The displacements 
may be made of glued sand, a clay material, and/or graphite. 
For example, they may consist of a graphite outer layer filled 
with sand. 
0068. The mold assembly may also include a plurality of 
cutter pocket displacements. The cutter pocket displacements 
are small graphite pieces that retain the physical positions of 
cutter pockets in the matrix and resulting bit. Once the bit has 
been successfully molded, the cutter pockets 42.44 formed by 
the displacements may be further machined to provide loca 
tions into which the face cutters 20,38 are brazed or otherwise 
secured. In this manner, both the first and second rows of 
cutter pockets 42.44 may be formed simultaneously with the 
bit body 12, the blades 16, and the slots 26 as a single unitary 
structure. Alternatively, both the first and second rows of 
cutter pockets 42.44 may be machined into the blades 16, 
after the bulk of the drill bit 10 has been formed. In still 
another embodiment, the first row of cutter pockets 42 may be 
formed simultaneously with the bit body 12, the blades 16, 
and the slots 26, in the manner described above, with the 
second row of cutter pockets 44 being formed in the blades 16 
thereafter. 

0069. Of course, other methods of constructing the drill bit 
10 may be used. For example, the bit body 12 and the blades 
16 may be constructed separately, using modular components 
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and/or construction techniques. More specifically, the bit 
body 12 and the blades 16 may be constructed of steel and 
welded together after milling or machining the first and sec 
ond rows of cutter pockets 42.44. This construction may 
make it easier to obtain desired cutter orientation, such as 
back rake and/or side rake, especially with higher blade 
counts. Alternatively, the drill bit 10 may be constructed using 
hybrid techniques, such as layered or multistage molding 
techniques. 
0070 According to certain aspects of the present inven 

tion, rather than constructing the drill bit 10 from the stron 
gest, most durable and abrasion resistant materials available, 
it may beneficial to make portions of the drill bit 10 sacrificial. 
For example, with drilling rig day rates often significantly 
exceeding the cost of drill bits, designing a drill bit that 
minimizes the cost of drilling operations is paramount. His 
torically, drill bits have been designed to be as durable and 
wear resistant as possible. Unfortunately, due to the extreme 
environment in which they are expected to perform, all known 
drill bits experience wear. More specifically, as the cutting 
elements 20 wear, wear flat areas develop on the bit body 12, 
blades 16, and the cutters 20 themselves. These wear flat areas 
abrade against the earth formation, such as rock, and cause 
unproductive heat, drag, as well as other harmful byproducts 
of the drilling operation. The heat and drag further degrade 
the drill bit 10 and increases the wear flat problem, requiring 
more and more energy as well as decreasing rate of penetra 
tion. More specifically, increased wear flat area increases the 
specific energy, or the energy required to remove a unit Vol 
ume of rock. At some point, the wear flat area becomes so 
great that the specific energy required is too great, drilling 
efficiency is therefore lost, and the drill bit 10 must be 
replaced. 
0071. In some cases, rather than just wearing, one or more 
of the cutting elements 20 may fail catastrophically. When 
this happens, the earth formation essentially grinds against 
that portion of the bit body 12, that was previously protected 
by the failed cutting element(s). This drastically increases the 
wear flat area, increasing the required specific energy, and 
may quickly lead to a ring-out, where the fluid, or junk, slots 
26 get cut-off, dramatically increasing the mud System pres 
SUCS. 

0072. In any case, once the drill bit 10 fails and/or drilling 
efficiency is lost, the drill bit 10 must be replaced. Replacing 
drill bits is a time-consuming, and therefore costly, proposi 
tion. As such, the present invention is more broadly directed 
to a method of optimizing the design and performance of drill 
bits, as well as the optimized drill bits themselves. The drill bit 
10 of the present invention is designed to continue efficient 
drilling operations through failure of one or more cutting 
elements 20,38. 
0073. Referring also to FIG. 7, as a standard drill bit is 
used, over time, that drill bit's wear flat area continually 
increases as rate of penetration decreases and specific energy 
increases until drilling efficiency is lost and the drill bit must 
be replaced. The method of the present invention seeks to 
optimize drill bit design, Such as by optimizing cutter place 
ment and spacing, in order to manage or minimize the wear 
flat area and the required specific energy, and therefore maxi 
mize drilling efficiency. Thus, ideally, the wear flat area of the 
optimized drill bit 10 of the present invention would not 
continue to increase beyond a maximum designed total wear 
flat area. Rather, a drill bit according to the present invention 

Apr. 15, 2010 

could continue to be useful, albeit in a somewhat inefficient 
state, by management of the wear flat area. 
0074 Referring also to FIG. 8, in one embodiment, the 
wear flat area of the drill bit 10 of the present invention 
increases until the maximum designed total wear flat area is 
approached. The drill bit 10 maintains the wear flat area at or 
below the maximum designed total wear flat area until one or 
more of the primary face cutters 20 begins to fail. At that 
point, the wear flat area increases, possibly slightly above the 
maximum designed total wear flat area, until one or more of 
the secondary face cutters 38 is exposed and begins cutting 
the formation, decreasing the wear flat area well below the 
maximum designed total wear flat area. In this manner, the 
optimized drill bit 10 of the present invention can continue to 
drill, albeit in a somewhat inefficient state, thereby minimiz 
ing drilling rig down-time and the required specific energy 
while maintaining an acceptable rate of penetration and maxi 
mizing overall drilling efficiency through one or more cutter 
failures. 
(0075 Referring the FIG.9, this can be explained in terms 
of weight on bit versus rate of penetration and specific energy. 
The diamond accented plot on the left, of FIG. 9, shows the 
efficiency of a fresh, or new, bit. The triangle accented plot on 
the right, of FIG. 9, shows the efficiency of a worn, or unus 
able, bit. As can be seen, the bits exhibit relative inefficiency 
until some weighton bit is achieved, at which point they begin 
to provide much greater rates of penetration. It can also be 
seen that it takes much more weight on bit before the worn bit 
begins to exhibit any significant rate of penetration. It should 
be understood that the greater the weightonbit, the greater the 
specific energy required to drill. 
(0076. Therefore, the drill bit 10 of the present invention 
preferably stays between the performance of the diamond 
accented plot on the left, of FIG. 9, of the new bit and the 
triangle accented plot on the right, of FIG.9, of the worn bit. 
The drill bit 10 of the present invention preferably stays closer 
to performance of the new bit, but may oscillate about the 
square accented plot in the middle, of FIG.9, for a usable bit. 
0077. Therefore, in some embodiments, the blades 16 and/ 
or other portions of the bit body 12 are preferably made of a 
material with less abrasion resistance than that of the cutting 
table 28, substrate 32, and/or the earth formation into which 
the drill bit 10 is drilling. One or more of the face cutters 20,38 
may be designed to fail dramatically or catastrophically, once 
failure begins, rather than continue to contribute to the wear 
flat area. These two design optimizations contribute to drill 
ing efficiency by leading to more rapid engagement of the 
secondary face cutters 38. 
0078. Upon reading this disclosure, it can be appreciated 
that the design of a drill bit includes consideration of many 
factors, such as the size, shape, spacing, orientation, and 
number of blades; the size, shape, spacing, orientation, and 
number of cutters, or cutting elements; as well as the materi 
als of the bit body, blades, cutting tables, and substrates. All of 
these factors may be considered in light of the materials of the 
earth formation(s) for which the drill bit is designed and/or 
matched. 
0079. It can be seen that, in order to rapidly expose the 
secondary face cutters 38, the bit body 12 is preferably made 
of a material with an abrasion resistance less than the abra 
siveness of the earth formation. Clearly, the cutting tables 28 
must be made from a material with an abrasion resistance 
greater than the abrasiveness of the earth formation, in order 
to cut therethrough. Because the substrate 32 is intended to 



US 2010/0089661 A1 

provide Support to the cutting table 28, rather than signifi 
cantly contribute to the rate of penetration, the substrate 32 
may be made of a material with an abrasion resistance less 
than the abrasiveness of the earth formation. As discussed 
above, because the bit body 12 is intended to provide support 
to the cutting elements 20.38, rather than contribute to the rate 
of penetration, the bit body 12 and/or blades 16 may be made 
of a strong material with an abrasion resistance less than the 
abrasiveness of the earth formation. 

0080. The above differences in abrasiveness can be 
accomplished in terms of independently specified material 
properties. For example, the optimized drill bit 10 according 
to the present invention may be designed such that the cutting 
table 28 is made of a cutting material with a minimum abra 
sion resistance, significantly higher than the abrasiveness of 
the earth formation. The optimized drill bit 10 according to 
the present invention may be designed Such that the Substrate 
material is made of a Substrate material with a minimum 
and/or maximum abrasion resistance, which is preferably 
lower than the abrasiveness of the earth formation. Finally, 
optimized drill bit 10 according to the present invention may 
be designed such that the blade 16 is made of a blade orbit 
body material with a minimum and/or maximum abrasion 
resistance, which is preferably significantly lower than the 
abrasiveness of the earth formation. 
0081 Alternatively, the above differences in abrasiveness 
can be accomplished in terms of specified ratios. For 
example, an optimized drill bit 10 according to the present 
invention may be designed to maintain a minimum ratio of 
abrasion resistance between: the cutting table 28 and the 
blade 16; the cutting table 28 and the substrate 32; and/or the 
substrate 32 and the blade 16. In any case, as discussed above, 
the abrasiveness of the earth formation is preferably such that 
at least the blade material erodes rather quickly when and 
where it comes into frictional contact with the earth forma 
tion. Additionally, as discussed above, the abrasiveness of the 
earth formation may be such that the substrate material erodes 
rather quickly when and where it comes into frictional contact 
with the earth formation. Therefore, a minimum abrasion 
ratio may also be specified between: the earth formation and 
the blade material; the earth formation and the substrate mate 
rial; and/or the earth formation and the cutting material. 
0082 In any case, it can be appreciated that a pre-designed 
and pre-manufactured drill bit may be selected based on the 
earth formation predicted and/or encountered. Alternatively, 
a drill bit may be specifically designed for the earth formation 
predicted and/or encountered. 
0083. It has been discovered that the blades 16 rarely wear 
evenly. Therefore, it may be desirable to optimize the design 
of the blades 16 and the distribution and/or spacing of cutting 
material along the blades 16, to increase drill bit useful life 
and minimize the required specific energy while maintaining 
an acceptable rate of penetration and drilling efficiency. The 
blades 16 of modern drill bits often have three or more sec 
tions that serve related and overlapping functions. Specifi 
cally, referring also to FIG. 10, each blade 16 preferably has 
a cone section, nose section, a shoulder section, and a gage 
section. 

0084. The cone section of each blade is preferably a sub 
stantially linear section extending from near a center-line of 
the drill bit 10 outward. Because the cone section is nearest 
the center-line of the drill bit 10, the cone section does not 
experience as much, or as fast, movement relative to the earth 
formation. Therefore, it has been discovered that the cone 
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section experiences less wear than the other sections. Thus, 
the cone section can maintain effective and efficient rate of 
penetration with less cutting material. This can be accom 
plished in a number of ways. For example, the cone section 
may have fewer face cutters 20.38, smaller face cutters 20,38, 
more spacing between face cutters 20.38, and/or may not 
even require secondary face cutters 38 at all. The cone angle 
for a PDC bit is typically 15-25°, although, in some embodi 
ments, the cone section is essentially flat, with a substantially 
0° cone angle. 
I0085. The nose represents the lowest point on a drill bit. 
Therefore, the nose cutter is typically the leading most cutter. 
The nose section is roughly defined by a nose radius. A larger 
nose radius provides more area to place face cutters in the 
nose section. The nose section begins where the cone section 
ends, where the curvature of the blade begins, and extends to 
the shoulder section. More specifically, the nose section 
extends where the blade profile tangentially matches a circle 
formed by the nose radius. The nose section experiences 
much more, and more rapid, relative movement than does the 
cone section. Additionally, the nose section typically takes 
more weight than the othersections. As such, the nose section 
experiences much more wear than does the cone section. 
Therefore, the nose section preferably has a higher distribu 
tion, concentration, or density of total cutter material, or 
Volume. 

I0086. The shoulder section begins where the blade profile 
departs from the nose radius and continues outwardly on each 
blade 16 to a point where a slope of the blade is essentially 
completely vertical, at the gage section. The shoulder section 
experiences much more, and more rapid, relative movement 
than does the cone section. Additionally, the shoulder section 
typically takes the brunt of abuse from dynamic dysfunction, 
Such as bit whirl. As such, the shoulder section experiences 
much more wear than does the cone section. The shoulder 
section is also a more significant contributor to rate of pen 
etration and drilling efficiency than the cone section. There 
fore, the shoulder section preferably has a higher distribution, 
concentration, or density of total cutter material, or Volume. 
Depending on application, the nose section or the shoulder 
section may experience the most wear, and therefore either 
the nose section or the shoulder section may have the highest 
distribution, concentration, or density of total cutter material, 
or Volume. 

I0087. The gage section begins where the shoulder section 
ends. More specifically, the gage section begins where the 
slope of the blade is predominantly vertical. The gage section 
continues outwardly to an outer perimeter orgauge of the drill 
bit 10. The gage section experiences the most, and most rapid, 
relative movement with respect to the earth formation. How 
ever, at least partially because of the high, Substantially ver 
tical, slope of the blade 16 in the gage section, the gage 
section does not typically experience as much wear as does 
the shoulder section and/or the nose section. The gage section 
does, however, typically experience more wear than the cone 
section. Therefore, the gage section preferably has a higher 
distribution of total diamond volume than the cone section, 
but may have a lower distribution of total diamond volume 
than the shoulder section and/or nose section. 
I0088 FIG. 11 shows one possible approach to accom 
plishing the above stated goals and/or design criteria. The 
blade 16 of FIG. 11 has a primary row of cutting elements 20. 
The blade 16 of FIG. 11 also has a cluster of secondary face 
cutters 38. These secondary face cutters 38 are distributed 
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across the four sections, with tighter spacing, higher total 
diamond Volume concentrations, and/or higher numbers of 
face cutters located in the shoulder section. More precisely, a 
highest concentration of the face cutters 38 or total diamond 
Volume occurs near the border between the shoulder section 
and the gage section, where the highest wear rate may be 
expected. This allows the optimized drill bit 10 to continue 
providing an acceptable rate of penetration through the com 
plete failure of one or even several cutting elements 20.38. 
0089 FIG. 12 shows another possible approach to accom 
plishing the above stated goals and/or design criteria. The 
blade 16 of FIG. 12 has a primary row of cutting elements 20. 
The blade 16 of FIG. 12 also has multiple rows of secondary 
face cutters 38. The primary face cutters 20 and secondary 
face cutters 38 around the shoulder section are smaller which 
allows for tighter spacing and higher total diamond Volume 
distribution or concentrations. The secondary face cutters 38 
are distributed across the three sections, with higher total 
diamond Volume concentrations or numbers of face cutters 
located in the shoulder section. More precisely, a highest 
concentration of the face cutters 38 or total diamond volume 
occurs closer to the border between the shoulder section and 
the gage section, where the highest wear rate may be 
expected. This allows the optimized drill bit 10 to continue 
providing an efficient rate of penetration through the com 
plete failure of one or even several cutting elements 20.38. 
0090. It can be seen that while the cutting profiles of the 
secondary face cutters 38 generally follows the cutting profile 
of the primary face cutters, the cutting profiles of the second 
ary face cutters 38 are abbreviated to cover a smaller portion 
of the blade 16. It should be noted that failure of every one of 
the primary face cutters 20 is not expected to occur simulta 
neously. Therefore, the drill bit 10 is expected to maintain an 
acceptable rate of penetration while operating partially on the 
primary cutting profile and partially on the secondary cutting 
profile(s). 
0091 FIG. 13 shows still another possible approach to 
accomplishing the above stated goals and/or design criteria. 
The blade 16 of FIG. 13 has a primary row of cutting elements 
20. The blade 16 of FIG. 13 also has multiple rows of sec 
ondary face cutters 38. The secondary face cutters 38 are 
Smaller which allows for tighter spacing and higher total 
diamond Volume distribution or concentrations. The second 
ary face cutters 38 are distributed across the three sections, 
with higher total diamond Volume concentrations or numbers 
of face cutters located in the shoulder section. More precisely, 
a highest concentration of the face cutters 38 or total diamond 
Volume occurs closer to the border between the shoulder 
section and the gage section, where the highest wear rate may 
be expected. This allows the optimized drill bit 10 to continue 
providing an acceptable rate of penetration through the com 
plete failure of one or even several cutting elements 20.38. 
0092. It can be seen that the cutting profiles of the second 
ary cutters 38 are different than the cutting profile of the 
primary cutters. The cutting profiles of the secondary cutters 
38 are also abbreviated to cover a smaller portion of the blade 
16. 

0093 FIG. 14 shows that a combination of approaches 
may be used to accomplish the above stated goals and/or 
design criteria. The blade 16 of FIG. 14 has a primary row of 
cutting elements 20 comprising cutters of different sizes and 
shapes. The blade 16 of FIG. 14 also has multiple rows of 
secondary cutters 38 also comprising cutters of different sizes 
and shapes. Tighter spacing and higher total diamond Volume 
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distribution or concentrations in preferably occurs in the 
shoulder and gage sections. The secondary cutters 38 are 
distributed across the three sections, with higher total dia 
mond Volume concentrations or numbers of cutters located in 
the shoulder section. More precisely, a highest concentration 
of the cutters 38 or total diamond volume occurs closer to the 
border between the shoulder section and the gage section, 
where the highest wear rate may be expected. This allows the 
optimized drill bit 10 to continue providing an efficient rate of 
penetration through the complete failure of one or even sev 
eral cutting elements 20.38. 
0094. 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, there may be one, two, three, or more 
rows of cutting elements. Further, the various methods and 
embodiments of the drill bit 10 can be included in combina 
tion with each other to produce variations of the disclosed 
methods and embodiments. For example, the first and/or sec 
ond rows of cutters may comprise uniform cutters or may be 
composed of cutters of various sizes and/or shapes. Addition 
ally, rather than the highest concentrations of diamond Vol 
ume occurring in the shouldersection near the gage section as 
discussed above, the highest concentrations of diamond Vol 
ume may occur in the gage section and may be near the 
shoulder section. Reading this disclosure, it can be appreci 
ated that there are a number of ways to impact concentrations 
or distributions of cutter volume, such as by using differently 
sized, shaped, and/or spaced cutters. Discussion of singular 
elements can include plural elements and Vice-versa. 
(0095 While, at least in preferred embodiments, it is 
expected that the primary face cutters 20 will be arranged in 
a row following the profile of the blades 16, the secondary 
face cutters 38 may, but need not, be arranged in a row. For 
example, as shown above in FIG.3 and FIG. 4, the secondary 
profile 40 may substantially match that of the primary profile 
36, with a simple offset. In this case, there are two distinct 
rows of face cutters 20.38. Additionally, in this case, the offset 
is substantially vertical. Alternatively, or additionally, the 
offset could be horizontal. In still other configurations, as 
shown in FIG. 11 thru FIG. 14, the secondary face cutters 38 
may not form a full row-like secondary profile. Rather, the 
secondary face cutters 38 may be grouped or clustered in and 
around areas of the blade 16 expected to experience the great 
est wear rates. These sets, groups, or clusters may have rela 
tively uniform distribution, within the set, or the distribution 
may be tapered, depending on the actual needs anticipated. 
0096. While FIG. 6 shows the primary and secondary face 
cutters 20.38 with essentially the same back rake, they could 
have different back rakes and/or different side rakes. More 
back and/or side rake may aid manufacturing of one-piece 
drill bits 10, as it may otherwise be difficult to mill out the 
secondary cutter pockets 44 on drill bits with higher blade 
counts 16. 

0097. 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 com 
bined into components having multiple functions. 
0098. 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 
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and alterations to the described embodiments are available to 
those of ordinary skill in the art. The disclosed and undis 
closed 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 equiva 
lent of the following claims. 
What is claimed is: 
1. A method of optimizing a drill bit, such as for drilling a 

well into an earth formation, the method comprising the steps 
of: 

forming a bit body with a plurality of blades, each blade 
having a face with a row of individual cutter pockets at 
least partially recessed therein; and 

securing a cutting element at least partially within each of 
the pockets; 

wherein a design of the blades is optimized to manage a 
wear flat area of the drill bit. 

2. The method as set forth in claim 1, wherein the blades are 
designed to minimize the wear flat area of the drill bit. 

3. The method as set forth in claim 1, wherein a shape of the 
blades is optimized to manage the wear flat area of the drill 
bit. 

4. The method as set forth in claim 1, wherein a shape of the 
blades is optimized to minimize the wear flat area of the drill 
bit. 

5. The method as set forth in claim 1, wherein a shape of the 
blades is optimized to maximize the useful life of the drill bit. 

6. The method as set forth in claim 1, wherein the blades are 
designed to encourage exposed blade wear. 

7. The method as set forth in claim 1, wherein each blade 
has primary and secondary face cutting elements. 

8. The method as set forth in claim 7, wherein the blades are 
designed to encourage exposed blade wear once one of the 
primary cutting elements fails, thereby more rapidly exposing 
one of the secondary cutting elements. 

9. The method as set forth in claim 1, wherein the blades are 
designed for low abrasion resistance to ensure that the blades 
wear faster than the cutting elements. 

10. The method as set forth in claim 1, wherein the blades 
are designed for high strength and low abrasion resistance to 
ensure that the blades wear faster than the cutting elements. 

11. A drill bit, such as for drilling a well into an earth 
formation, the drill bit comprising: 

a bit body with a plurality of blades, each blade having a 
face with a row of individual cutter pockets at least 
partially recessed therein; and 

a cutting element secured at least partially within each of 
the pockets; 

wherein a design of the blades is optimized to manage a 
wear flat area of the drill bit. 

12. The drill bit as set forth in claim 11, wherein the blades 
are designed to minimize the wear flat area of the drill bit. 

13. The drill bit as set forth in claim 11, wherein a shape of 
the blades is optimized to manage the wear flat area of the drill 
bit. 

14. The drill bit as set forth in claim 11, wherein a shape of 
the blades is optimized to minimize the wear flat area of the 
drill bit. 

15. The drill bit as set forth in claim 11, wherein a shape of 
the blades is optimized to maximize the useful life of the drill 
bit. 
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16. The drill bit as set forth in claim 11, wherein the blades 
are designed to encourage exposed blade wear. 

17. The drill bit as set forth in claim 11, wherein eachblade 
has primary and secondary face cutting elements. 

18. The drill bit as set forth in claim 17, wherein the blades 
are designed to encourage exposed blade wear once one of the 
primary cutting elements fails, thereby more rapidly exposing 
one of the secondary cutting elements. 

19. The drill bit as set forth in claim 11, wherein the blades 
are designed for low abrasion resistance to ensure that the 
blades wear faster than the cutting elements. 

20. The drill bit as set forth in claim 11, wherein the blades 
are designed for high strength and low abrasion resistance to 
ensure that the blades wear faster than the cutting elements. 

21. A method of optimizing a drill bit, such as for drilling 
a well into an earth formation, the method comprising the 
steps of: 

forming a bit body with a plurality of blades, each blade 
having a face with a row of individual cutter pockets at 
least partially recessed therein; and 

securing a cutting element at least partially within each of 
the pockets; 

wherein a design of the cutting elements is optimized to 
manage a wear flat area of the cutting elements. 

22. The method as set forth in claim 21, wherein the cutting 
elements are designed to minimize the wear flat area of the 
drill bit. 

23. The method as set forth in claim 21, wherein a shape of 
the cutting elements is optimized to manage the wear flat area 
of the drill bit. 

24. The method as set forth in claim 21, wherein a size of 
the cutting elements is optimized to manage the wear flat area 
of the drill bit. 

25. The method as set forth inclaim 21, wherein eachblade 
has primary and secondary cutting elements. 

26. The method as set forth in claim 25, wherein the pri 
mary cutting elements are designed to fail rapidly once failure 
begins, thereby more rapidly exposing one of the secondary 
cutting elements. 

27. The method as set forth in claim 21, wherein the cutting 
elements comprise a diamond cutting table and a Substrate. 

28. The method as set forth in claim 27, wherein the sub 
strate of the cutting elements is designed for low abrasion 
resistance to minimize the wear flat area of the drill bit. 

29. The method as set forth in claim 27, wherein the sub 
strate of the cutting elements is designed for high strength and 
low abrasion resistance to minimize the wear flat area of the 
drill bit. 

30. The method as set forth in claim 27, wherein the sub 
strate comprises a tungsten carbide layer backed by a steel 
body. 

31. A drill bit, such as for drilling a well into an earth 
formation, the drill bit comprising: 

a bit body with a plurality of blades, each blade having a 
face with a row of individual cutter pockets at least 
partially recessed therein; and 

a cutting element secured at least partially within each of 
the pockets; 

wherein a design of the cutting elements is optimized to 
manage a wear flat area of the cutting elements. 

32. The drill bit as set forth in claim 31, wherein the cutting 
elements are designed to minimize the wear flat area of the 
drill bit. 
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33. The drill bit as set forth in claim 31, wherein a shape of 
the cutting elements is optimized to manage the wear flat area 
of the drill bit. 

34. The drill bit as set forth in claim 31, wherein a size of 
the cutting elements is optimized to manage the wear flat area 
of the drill bit. 

35. The drill bit as set forth in claim 31, wherein each blade 
has primary and secondary cutting elements. 

36. The drill bit as set forth in claim 35, wherein the 
primary cutting elements are designed to fail rapidly once 
failure begins, thereby more rapidly exposing one of the 
secondary cutting elements. 

Apr. 15, 2010 

37. The drill bit as set forth in claim 31, wherein the cutting 
elements comprise a diamond cutting table and a Substrate. 

38. The drill bit as set forth in claim 37, wherein the 
Substrate of the cutting elements is designed for low abrasion 
resistance to minimize the wear flat area of the drill bit. 

39. The drill bit as set forth in claim 37, wherein the 
Substrate of the cutting elements is designed for high Strength 
and low abrasion resistance to minimize the wear flat area of 
the drill bit. 

40. The drill bit as set forth in claim 37, wherein the 
Substrate comprises a tungsten carbide layer backed by a steel 
body. 


