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A method of monitoring the Wear of drill bits for drilling Wells 
in earth formations, several embodiments of an improved drill 
bit for drilling a Well in an earth formation, and methods of 
manufacture. In one embodiment, the bit is assembled by 
forming the bit, including a bit body and a plurality of cutting 
components; introducing a Wear detector into the bit; and 
providing a module to monitor the Wear detector and generate 
an indication of bit Wear. The Wear detector may be one or 
more electrical circuits that may experience a change in resis 
tance or conductivity due to Wear of the bit. The module may 
determine Wear by detecting an open circuit. The Wear detec 
tor may be introduced during or after formation of the bit. The 
bit Wear may be displayed for an operator. 
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REAL TIME DULL GRADING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application contains similar subject matter as 
that disclosed in US. patent application Ser. No. 12/327,935 
entitled, “Method of Monitoring Wear of Rock Bit Cutters”, 
?led on Dec. 4, 2008. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[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 speci?cally 
relate to monitoring the Wear of drill bits for drilling Wells in 
earth formations. 
[0006] 2. Description of the Related Art 
[0007] US. Pat. No. 4,655,300 teaches “a method and 
apparatus for detecting excessive Wear of a rotatable bit used 
in drilling. Inparticular, the apparatus can detect loss of gauge 
or bearing failure in a bit. The method is accomplished by 
connecting a restricting means in the drill bit that can be 
manipulated to reduce the ?oW of drilling ?uid through at 
least one port in the drill bit. A Wire is connected betWeen a 
sensor Which senses Wear and the restriction means to cause 

the restriction means to reduce the ?oW of drilling ?uid and 
thereby signal the surface by the reduced ?oW as an indication 
of Wear.” 
[0008] US. Pat. No. 4,694,686 teaches a “method and 
apparatus by Which the degree of Wear and useful life limita 
tions of a drill, end mill or other types of metal removal tools 
can be detected. The method is based on the short circuit 
current, open circuit voltage and/or poWer that is generated 
during metal removal by the utiliZation of an insulated rotary 
tool bit to Which electrical contact is made by a non-rotating 
conductor and an insulated or non-insulated Workpiece, With 
an external circuit connecting the tool and Workpiece through 
a measuring device. The generated current, voltage or poWer 
shoWs a sharp increase or change in slope upon considerable 
tool Wear and/or at the point of failure.” 
[0009] US. Pat. No. 4,785,894 teaches an “earth drilling bit 
incorporating a bit Wear indicator. The bit Wear indicator 
includes: a sensor to detect Wear at a selected point on the bit; 
a device for altering the resistance of the bit to receiving 
drilling ?uid from the drill string; and, a tensioned linkage 
extending betWeen the Wear sensor and the ?oW resistance 
altering means. On detecting a predetermined degree of Wear, 
the Wear sensor releases the tension in the tensioned linkage. 
This activates the ?oW resistance altering device, causing the 
?oW rate and/or pumping pressure of the drilling ?uid to 
change. This serves as a signal that the predetermined Wear 
condition has been achieved. The bit Wear indicator can be 
adapted to monitor many different types of bit Wear, including 
bearing Wear in roller-cone type bits and gauge Wear in all 
types of bits.” 
[0010] US. Pat. No. 4,785,895 teaches an “earth drilling bit 
incorporating a tensioned linkage type bit Wear indicator. A 
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tensioned linkage extends through the bit betWeen a Wear 
sensor and a device for altering the resistance of the bit to 
receiving drilling ?uid from the drill string. On detecting a 
predetermined degree of Wear, the Wear sensor releases the 
tension in the tensioned linkage. This activates the ?oW resis 
tance altering device, causing the ?oW rate and/or pumping 
pressure of the drilling ?uid to change. The tensioned linkage 
passes through tWo intersecting passageWays in the bit. A 
guide element is inserted at the intersection of the tWo inter 
secting passageWays. The guide element routes the tensioned 
linkage betWeen the tWo passageWays.” 
[0011] US. Pat. No. 4,786,220 teaches a “method and 
apparatus by Which the degree of Wear and useful life limita 
tions of a drill, end mill or other types of metal removal tools 
can be detected. The method is based on the short circuit 
current, open circuit voltage and/ or poWer that is generated 
during metal removal by the utiliZation of an insulated rotary 
tool bit to Which electrical contact is made by a non-rotating 
conductor and an insulated or non-insulated Workpiece, With 
an external circuit connecting the tool and Workpiece through 
a measuring device. The generated current, voltage or poWer 
shoWs a sharp increase or change in slope upon considerable 
tool Wear and/or at the point of failure.” 

[0012] US. Pat. No. 4,928,521 teaches a “method is pro 
vided for determining the state of Wear of a multicone drill bit. 
Vibrations generated by the Working drill bit are detected and 
converted into a time oscillatory signal from Which a fre 
quency spectrum is derived. The periodicity of the frequency 
spectrum is extracted. The rate of rotation of at least one cone 
is determined from the periodicity and the state of Wear of the 
drill bit is derived from the rate of cone rotation. The oscilla 
tory signal represents the variation in amplitude of the vertical 
or torsional force applied to the drill bit. To extract periodic 
ity, a set of harmonics in the frequency spectrum is given 
prominence by computing the cepstrum of the frequency 
spectrum or by obtaining an harmonic-enhanced spectrum. 
The fundamental frequency in the set of harmonics is deter 
mined and the rate of cone rotation is derived from the fun 
damental frequency.” 
[0013] US. Pat. No. 5,216,917 teaches “a neW model 
describing the drilling process of a drag bit and concerns a 
method of determining the drilling conditions associated With 
the drilling of a borehole through subterranean formations, 
each one corresponding to a particular lithology, the borehole 
being drilled With a rotary drag bit, the method comprising the 
steps of: measuring the Weight W applied on the bit, the bit 
torque T, the angular rotation speed Q of the bit and the rate of 
penetration N of the bit to obtain sets of data (W1, Ti, Ni, Q1.) 
corresponding to different depths; calculating the speci?c 
energy E. and the drilling strength Sl- from the data (W1, Ti, Ni, 
9,); identifying at least one linear cluster of values (El, Si), 
said cluster corresponding to a particular lithology; and deter 
mining the drilling conditions from said linear cluster. The 
slope of the linear cluster is determined, from Which the 
internal friction angle (I) of the formation is estimated. The 
intrinsic speci?c energy E of the formation and the drilling 
e?iciency are also determined. Change of lithology, Wear of 
the bit and bit balling can be detected.” 

[0014] US. Pat. No. 6,631,772 teaches a “system and 
method for detecting the Wear of a roller bit bearing betWeen 
a roller drill bit body and a roller bit rotatably attached to the 
roller drill bit body. A valve-plug is placed betWeen the roller 
drill bit body and roller bit such that the valve-plug is remov 
ably ?tted in a drilling ?uid outlet in the roller drill bit body, 
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and the valve-plug extends into a channel in the roller bit 
Whereby uneven rotation or vibration of the roller bit causes 
the valve-plug to impact the sides of the channel Which 
removes the valve-plug from the drilling ?uid outlet to cause 
drilling ?uid to ?oW through the drilling ?uid outlet. The drop 
in pressure from the drilling ?uid ?oWing through the drilling 
?uid outlet indicates that the roller bit is Worn and may fail.” 
[0015] US. Pat. No. 6,634,441 teaches a “system and 
method for detecting the Wear of a roller bit bearing on a roller 
drill bit body Where the roller element has a plurality of 
cutting elements and is rotatably attached to the roller drill bit 
body at the bearing. In the invention, a rotation impeder is in 
betWeen the roller element and roller drill bit body and upon 
uneven rotation of the roller element Which indicates that the 
roller element bearing may fail, the rotation impeder impedes 
the rotation of the roller element. The drill rig operator at the 
surface can cease drilling operations upon detection of the 
cessation of rotation of the roller element. The rotation 
impeder can also be seated in a drilling ?uid outlet and cause 
a detectable loss in drilling ?uid pressure When dislodged to 
otherWise cease rotation of the roller drill bit.” 
[0016] The inventions disclosed and taught herein are 
directed to an improved method of monitoring the Wear of 
drill bits for drilling Wells in earth formations. 

BRIEF SUMMARY OF THE INVENTION 

[0017] The invention relates to a method of monitoring the 
Wear of drill bits for drilling Wells in earth formations, several 
embodiments of an improved drill bit for drilling a Well in an 
earth formation, and methods of manufacture. In one embodi 
ment, the bit is assembled by forming the bit, including a bit 
body and a plurality of cutting components; introducing a 
Wear detector into the bit; and providing a module to monitor 
the Wear detector and generate an indication of bit Wear. The 
Wear detector may be one or more electrical circuits that may 
experience a change in resistance or conductivity due to Wear 
of the bit. The module may determine Wear by detecting an 
open circuit. The Wear detector may be introduced during or 
after formation of the bit. The bit Wear may be displayed for 
an operator. 
[0018] A drill bit assembly, according to the present inven 
tion, may comprise a drill bit including a bit body and a 
plurality of cutting components; a Wear detector Within the 
drill bit; and a module to monitor the Wear detector and 
generate an indication of bit Wear. The Wear detector may be 
one or more electrical circuits that may experience a change 
in resistance or conductivity due to Wear of the bit. The 
module may determine Wear by detecting an open circuit. The 
Wear detector may be introduced during or after formation of 
the bit. The bit Wear may be displayed for an operator on a 
surface computer. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0019] FIG. 1 illustrates a perspective vieW of an exemplary 
drill bit incorporating cutting elements and embodying cer 
tain aspects of the present inventions; 
[0020] FIG. 2 is an enlarged perspective vieW of an exem 
plary cutting element embodying certain aspects of the 
present inventions; 
[0021] FIG. 3 illustrates a perspective vieW of an exemplary 
impregnated drill bit embodying certain aspects of the present 
inventions; 
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[0022] FIG. 4 is a partial cut-aWay elevation vieW of a blade 
of a drill bit a ?rst embodiment of the present inventions; 
[0023] FIG. 5 is a partial cut-aWay elevation vieW of a blade 
of a drill bit a second embodiment of the present inventions; 
[0024] FIG. 6 is a partial cut-aWay elevation vieW of a blade 
of a drill bit a third embodiment of the present inventions; 
[0025] FIG. 7 is a partial cut-aWay elevation vieW of a blade 
of a drill bit a fourth embodiment of the present inventions; 
[0026] FIG. 8 is a partial cut-aWay elevation vieW of a blade 
of a drill bit a ?fth embodiment of the present inventions; 
[0027] FIG. 9 is a partial cut-aWay elevation vieW of a blade 
of a drill bit a 6th embodiment of the present inventions; 
[0028] FIG. 10 is a partial cut-aWay elevation vieW of a 
blade of a drill bit a seventh embodiment of the present 

inventions; 
[0029] FIG. 11 is a partial cut-aWay elevation vieW of a 
blade of a drill bit a eight embodiment of the present inven 
tions; 
[0030] FIG. 12 is a ?oW chart illustrating certain aspects of 
the present inventions; 
[0031] FIG. 13 is a partial cut-aWay elevation vieW of a 
blade of a drill bit a ninth embodiment of the present inven 
tions; 
[0032] FIG. 14 illustrates a perspective vieW of a cutter 
utiliZing certain aspects of the present inventions; 
[0033] FIG. 15 illustrates a perspective vieW of a cutter 
shoWing Wear utiliZing certain aspects of the present inven 
tions; 
[0034] FIG. 16 illustrates another perspective vieW of a 
cutter shoWing Wear utiliZing certain aspects of the present 
inventions; 
[0035] FIG. 17 illustrates a perspective vieW of a drill bit 
shank, an exemplary electronics module, and an end-cap that 
may form part of a bottomhole assembly utiliZing certain 
aspects of the present inventions; 
[0036] FIG. 18 illustrates a conceptual perspective vieW of 
an exemplary electronic module con?gured as a ?ex-circuit 
board enabling formation into an annular ring suitable for 
disposition in the shank of FIG. 17; and 
[0037] FIG. 19 illustrates a block diagram of an exemplary 
embodiment of a data analysis module utiliZing certain 
aspects of the present invention. 

DETAILED DESCRIPTION 

[0038] The Figures described above and the Written 
description of speci?c 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-speci?c decisions to achieve the developer’s 
ultimate goal for the commercial embodiment. Such imple 
mentation-speci?c decisions may include, and likely are not 
limited to, compliance With system-related, business-related, 
govemment-related and other constraints, Which may vary by 
speci?c 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 
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less, a routine undertaking for those of skill this art having 
bene?t of this disclosure. It must be understood that the 
inventions disclosed and taught herein are susceptible to 
numerous and various modi?cations 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 speci?c reference to the Figures and are not intended 
to limit the scope of the invention or the appended claims. 

[0039] 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 ?g 
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. 

[0040] Applicants have created a method of monitoring the 
Wear of drill bits for drilling Wells in earth formations, several 
embodiments of an improved drill bit for drilling a Well in an 
earth formation, and methods of manufacture. In one embodi 
ment, the bit is assembled by forming the bit, including a bit 
body and a plurality of cutting components; introducing a 
Wear detector into the bit; and providing a module to monitor 
the Wear detector and generate an indication of bit Wear. The 
Wear detector may be one or more electrical circuits that may 
experience a change in resistance or conductivity due to Wear 
of the bit. The module may determine Wear by detecting an 
open circuit. The Wear detector may be introduced during or 
after formation of the bit. The bit Wear may be displayed for 
an operator. 

[0041] FIG. 1 is an illustration ofa 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. 

[0042] The drill bit 10, and select components thereof, are 
preferably similar to those disclosed in Us. Pat. No. 7,048, 
081, Which is incorporated herein by speci?c reference. In 
any case, the drill bit 10 preferably includes a plurality of 
blades 16 each projecting outWardly from a face 18. The drill 
bit 10 also preferably includes a roW of cutters, or cutting 
elements, 20 secured to the blades 16. The drill bit 10 also 
preferably includes a plurality of noZZles 22 to distribute 
drilling ?uid 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 
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placed into service. The gage 24 of a small drill bit may be as 
small as a feW centimeters and the gage 24 of an extremely 
large drill bit may approach a meter, or more. BetWeen each 
blade 16, the drill bit 10 preferably has ?uid slots, orpassages, 
26 into With the drilling ?uid is fed by the noZZles 22. 

[0043] 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 con?guration, 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 ?rst 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 30C 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 face joined during the 
sintering 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 pre-formed 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. Such cutters are further described in Us. 
Pat. No. 6,401,844, the disclosure of Which is incorporated 
herein by speci?c reference in its entirety. 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. 

[0044] 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 pm, with a preferred 
range of approximately 100 pm to approximately 600 um, and 
smaller diamonds, or super-abrasive particles, may prefer 
ably range from about 15 um to about 100 pm. In another 
embodiment, larger diamonds may range upWards of 
approximately 500 pm, 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 15 pm to about 40 pm. 

[0045] The speci?c grit siZe of larger diamonds, the speci?c 
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 
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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 
speeds and the amount of Weight, or longitudinal force, likely 
to be placed on the drill bit 10 during drilling. 
[0046] The blades 16 and or the bit body 12 may be made 
from an alloy matrix, such as a matrix of tungsten carbide 
poWder impregnated With a copper alloy binder during a 
casting process. For example, the drill bit 10 may be con 
structed as a matrix style drill bit using an in?ltration casting 
process Whereby the copper alloy binder is heated past its 
melting temperature and alloWed to ?oW, under the in?uence 
of gravity, into a matrix of carbide poWder packed into, and 
shaped by, a graphite mold. The mold preferably contains the 
shapes of the blades 16 and slots 26 of the drill bit 10, creating 
a form for the drill bit 10. Other features may be made from 
clay and/or sand and attached to the mold. 
[0047] Alternatively, the bit 10 may be similar to those 
disclosed in Us. Pat. No. 6,843,333, the disclosure ofWhich 
is incorporated herein by speci?c reference in its entirety. 
Referring noW to FIG. 3, the bit 10 is, in one embodiment, 
81/2" in diameter and includes a matrix-type bit body 12 
having a shank 14 for connection to a drill string (not shoWn) 
extending therefrom opposite a bit face 36. A plurality of 
blades 38 extends generally radially outWardly in linear fash 
ion to gage pads 40 de?ning junk slots 42 therebetWeen. The 
bit 10 may employ ?uid passages 46 betWeen blades 38 and 
extending to junk slots 42 to enhance ?uid ?oW over the bit 
face 36. 

[0048] The bit 10 may include conventional impregnated 
bit cutting structures and/or discrete, impregnated cutting 
structures 44 comprising posts extending upWardly from the 
blades 38 on the bit face 36. The cutting structures 44 may be 
formed as an integral part of the matrix-type blades 38 pro 
jecting from the matrix-type bit body 12 by hand-packing 
diamond grit-impregnated matrix material in mold cavities 
on the interior of a bit mold de?ning locations of the cutting 
structures 44 and blades 38. Thus, each blade 38 and associ 
ated cutting structure 44 may de?ne a unitary structure. It is 
noted that the cutting structures 44 may be placed directly on 
the bit face 3 6, dispensing With the blades. It is also noted that, 
While discussed in terms of being integrally formed With the 
bit 10, the cutting structures 44 may be formed as discrete 
individual segments, such as by hot isostatic pressing, and 
subsequently braZed or fumaced onto the bit 10. 

[0049] The discrete cutting structures 44 may be mutually 
separate from each other to promote drilling ?uid ?oW there 
around for enhanced cooling and clearing of formation mate 
rial removed by the diamond grit. The discrete cutting struc 
tures 44 may be generally of a round or circular transverse 
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cross-section at their substantially ?at, outermost ends, but 
become more oval With decreasing distance from the face of 
the blades 38 and thus provide Wider or more elongated (in the 
direction of bit rotation) bases for greater strength and dura 
bility. As the discrete cutting structures 44 Wear, the exposed 
cross-section of the posts increases, providing progressively 
increasing contact area for the diamond grit With the forma 
tion material. As the cutting structures Wear doWn, the bit 10 
takes on the con?guration of a heavier-set bit more adept at 
penetrating harder, more abrasive formations. Even if discrete 
cutting structures 44 Wear completely aWay, the diamond 
impregnated blades 38 Will provide some cutting action, 
reducing the possibility of ring-out and having to pull the bit 
10. 

[0050] While the cutting structures 44 are illustrated as 
exhibiting posts of circular outer ends and oval shaped bases, 
other geometries are also contemplated. For example, the 
outermost ends of the cutting structures may be con?gured as 
ovals having a major diameter and a minor diameter. The base 
portion adjacent the blade 38 might also be oval, having a 
major and a minor diameter, Wherein the base has a larger 
minor diameter than the outermost end of the cutting structure 
44. As the cutting structure 44 Wears toWards the blade 38, the 
minor diameter increases, resulting in a larger surface area. 
Furthermore, the ends of the cutting structures 44 need not be 
?at, but may employ sloped geometries. In other Words, the 
cutting structures 44 may change cross-sections at multiple 
intervals, and tip geometry may be separate from the general 
cross-section of the cutting structure. Other shapes or geom 
etries may be con?gured similarly. It is also noted that the 
spacing betWeen individual cutting structures 44, as Well as 
the magnitude of the taper from the outermost ends to the 
blades 38, may be varied to change the overall aggressiveness 
of the bit 10 or to change the rate at Which the bit is trans 
formed from a light-set bit to a heavy-set bit during operation. 
It is further contemplated that one or more of such cutting 
structures 44 may be formed to have substantially constant 
cross-sections if so desired depending on the anticipated 
application of the bit 10. 
[0051] Discrete cutting structures 44 may comprise a syn 
thetic diamond grit, such as, for example, DSN-47 Synthetic 
diamond grit, commercially available from DeBeers of Shan 
non, Ireland, Which has demonstrated toughness superior to 
natural diamond grit. The tungsten carbide matrix material 
With Which the diamond grit is mixed to form discrete cutting 
structures 44 and supporting blades 38 may desirably include 
a ?ne grain carbide, such as, for example, DM2001 poWder 
commercially available from Kennametal Inc., of Latrobe, 
Pa. Such a carbide poWder, When in?ltrated, provides 
increased exposure of the diamond grit particles in compari 
son to conventional matrix materials due to its relatively soft, 
abradable nature. The base of each blade 38 may desirably be 
formed of, for example, a more durable 121 matrix material, 
obtained from Firth MPD of Houston, Tex. Use of the more 
durable material in this region helps to prevent ring-out even 
if all of the discrete cutting structures 44 are abraded aWay and 
the majority of each blade 38 is Worn. 

[0052] It is noted, hoWever, that alternative particulate 
abrasive materials may be suitably substituted for those dis 
cussed above. For example, the discrete cutting structures 44 
may include natural diamond grit, or a combination of syn 
thetic and natural diamond grit. Alternatively, the cutting 
structures may include synthetic diamond pins. Additionally, 
the particulate abrasive material may be coated With a single 












