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BITS AND CUTTING STRUCTURES 

BACKGROUND OF INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates generally to down 
hole cutting tools used in the oil and gas industry. 
0003 2. Background Art 
0004 Rotary drill bits with no moving elements on them 
are typically referred to as "drag' bits. Drag bits are often 
used to drill very hard or abrasive formations. Drag bits 
include those having cutting elements attached to the bit 
body, Such as polycrystalline diamond compact insert bits, 
and those including abrasive material, Such as diamond, 
impregnated into the Surface of the material which forms the 
bit body. The latter bits are commonly referred to as 
“impreg' bits. 
0005. An example of a prior art diamond impregnated 
drill bit is shown in FIG. 1. The drill bit 10 includes a bit 
body 12 and a plurality of blades 14 that are formed in the 
bit body 12. The blades 14 are separated by channels 16 that 
enable drilling fluid to flow between and both clean and cool 
the blades 14. The blades 14 are typically arranged in groups 
20 where a gap 18 between groups 20 is typically formed by 
removing or omitting at least a portion of a blade 14. The 
gaps 18, which may be referred to as “fluid courses,” are 
positioned to provide additional flow channels for drilling 
fluid and to provide a passage for formation cuttings to travel 
past the drill bit 10 toward the surface of a wellbore (not 
shown). 
0006 During abrasive drilling with a diamond impreg 
nated bits, the diamond particles Scour or abrade away the 
rock. AS the matrix material around the diamond granules 
crystals is worn away, the diamonds at the Surface eventually 
fall out and other diamond particles are exposed. Diamond 
impregnated drill bits are particularly well Suited for drilling 
very hard and abrasive formations. The presence of abrasive 
particles both at and below the surface of the matrix body 
material ensures that the bit will substantially maintain its 
ability to drill a hole even after the surface particles are worn 
down. 

0007 Diamond impregnated bits are typically made from 
a solid body of matrix material formed by any one of a 
number of powder metallurgy processes known in the art. 
During the powder metallurgy process, abrasive particles 
and a matrix powder are infiltrated with a molten binder 
material. Upon cooling, the bit body includes the binder 
material, matrix material, and the abrasive particles SuS 
pended both near and on the surface of the drill bit. The 
abrasive particles typically include Small particles of natural 
or Synthetic diamond. Synthetic diamond used in diamond 
impregnated drill bits is typically in the form of Single 
crystals. However, thermally Stable polycrystalline diamond 
(TSP) particles may also be used. 
0008. In a typical impreg bit forming process, the shank 
of the bit is Supported in its proper position in the mold 
cavity along with any other necessary formers, e.g., those 
used to form holes to receive fluid nozzles. The remainder of 
the cavity is filled with a charge of tungsten carbide powder. 
Finally, a binder, and more Specifically an infiltrant, typi 
cally a nickel brass copper based alloy, is placed on top of 
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the charge of powder. The mold is then heated sufficiently to 
melt the infiltrant and held at an elevated temperature for a 
sufficient period to allow it to flow into and bind the powder 
matrix or matrix and Segments. For example, the bit body 
may be held at an elevated temperature (>1800 F) for a 
period on the order of 0.75 to 2.5 hours, depending on the 
Size of the bit body, during the infiltration process. 
0009. By this process, a monolithic bit body that incor 
porates the desired components is formed. It has been found, 
however, that the life of both natural and synthetic diamond 
is shortened by the lifetime thermal exposure experienced in 
the furnace during the infiltration process. Accordingly, prior 
art patents disclose a technique for manufacturing bits that 
include imbedded diamonds that have not suffered the 
thermal exposure normally associated with the manufacture 
of Such-bits. Such a bit structure is disclosed in U.S. Pat. No. 
6,394,202 (the 202 patent), which is assigned to the 
assignee of the present invention and is hereby incorporated 
by reference. 
0010 Referring now to FIG. 2, a drill bit 20 in accor 
dance with the 202 patent comprises a Shank 24 and a 
crown 26. Shank 24 is typically formed of steel or a matrix 
material and includes a threaded pin 28 for attachment to a 
drill String. Crown 26 has a cutting face 22 and outer Side 
surface 30. According to one embodiment, crown 26 is 
formed by infiltrating a mass of tungsten-carbide powder 
impregnated with Synthetic or natural diamond, as described 
above. 

0011 Crown 26 may include various surface features, 
such as raised ridges 27. Preferably, formers are included 
during the manufacturing process, So that the infiltrated, 
diamond-impregnated crown includes a plurality of holes or 
SocketS 29 that are sized and shaped to receive a correspond 
ing plurality of diamond-impregnated inserts 10. Once 
crown 26 is formed, inserts 10 are mounted in the Sockets 29 
and affixed by any Suitable method, Such as brazing, adhe 
Sive, mechanical means Such as interference fit, or the like. 
As shown in FIG. 3, the sockets can each be substantially 
perpendicular to the Surface of the crown. Alternatively, and 
as shown in FIG. 3, holes 29 can be inclined with respect to 
the Surface of the crown 26. In this embodiment, the Sockets 
are inclined such that inserts 10 are oriented substantially in 
the direction of rotation of the bit, So as to enhance cutting. 
0012. As a result of the manufacturing technique of the 
202 patent, each diamond-impregnated insert is Subjected 
to a total thermal exposure that is significantly reduced as 
compared to previously known techniques for manufactur 
ing infiltrated diamond-impregnated bits. For example, dia 
monds imbedded according to the 202 patent have a total 
thermal exposure of less than 40 minutes, and more typically 
less than 20 minutes (and more generally about 5 minutes), 
above 1500 F. This limited thermal exposure is due to the 
hot pressing period and the brazing process. This compares 
very favorably with the total thermal exposure of at least 
about 45 minutes, and more typically about 60-120 minutes, 
at temperatures above 1500 F., that occur in conventional 
manufacturing of furnace-infiltrated, diamond-impregnated 
bits. When diamond-impregnated inserts are affixed to the 
bit body by adhesive or by mechanical means Such as 
interference fit, the total thermal exposure of the diamonds 
is even leSS. 

0013 Another type of bit is disclosed in U.S. Pat. Nos. 
4,823,892; 4.889,017; 4,991,670; and 4,718,505, in which 



US 2005/O133276 A1 

diamond-impregnated abrasion elements are positioned 
behind the cutting elements in a conventional tungsten 
carbide (WC) matrix bit body. The abrasion elements are not 
the primary cutting Structures during normal bit use. 
0.014) A second type of fixed cutter drill bit known in the 
art are polycrystalline diamond compact (PDC) bits. Typical 
PDC bits include a bit body which is made from powdered 
tungsten carbide infiltrated with a binder alloy within a 
suitable mold form. The particular materials used to form 
PDC bit bodies are Selected to provide adequate toughness, 
while providing good resistance to abrasive and erosive 
wear. The cutting elements used on these bits are typically 
formed from a cylindrical tungsten carbide “blank” or 
Substrate. A diamond "table' made from various forms of 
natural and/or Synthetic diamond is affixed to the Substrate. 
The Substrate is then generally brazed or otherwise bonded 
to the bit body in a selected position on the surface of the 
body. 

0015 The materials used to form PDC bit bodies, in order 
to be resistant to wear, are very hard and difficult to machine. 
Therefore, the selected positions at which the PDC cutting 
elements are to be affixed to the bit body are typically 
formed substantially to their final shape during the bit body 
molding process. A common practice in molding PDC bit 
bodies is to include in the mold at each of the to-be-formed 
cutter mounting positions, a shaping element called a "dis 
placement.” A displacement is generally a Small cylinder 
made from graphite or other heat resistant material which is 
affixed to the inside of the mold at each of the places where 
a PDC cutter is to be located on the finished drill bit. The 
displacement forms the shape of the cutter mounting posi 
tions during the bit body molding process. See, for example, 
U.S. Pat. No. 5,662,183 issued to Fang for a description of 
the infiltration molding process using displacements. 
0016 FIG. 4 shows a prior art PDC drill bit. In FIG. 4, 
the bit body 100 has thereon a plurality of blades 110. Each 
of the blades 110 has mounted thereon on mounting pads 
(shaped according to FIG. 3) a PDC cutting element 112. 
Each PDC cutting element 112 includes a diamond table 113 
affixed to a tungsten carbide substrate 114. The bit body 100 
includes suitably positioned nozzles or “jets' 120 to dis 
charge drilling fluid in Selected directions and at Selected 
rates of flow. 

0.017. Different types of bits are selected based on the 
primary nature of the formation to be drilled. However, 
many formations have mixed characteristics (i.e., the for 
mation may include both hard and Soft Zones), which may 
reduce the rate of penetration of a bit (or, alternatively, 
reduces the life of a selected bit) because the selected bit is 
not preferred for certain Zones. One type of "mixed forma 
tion' include abrasive Sands in a shale matrix. In this type of 
formation, if a conventional impregnation bit is used, 
because the diamond table exposure of this type of bit is 
Small, the Shale can fill the gap between the exposed 
diamonds and the Surrounding matrix, reducing the cutting 
effectiveness of the bit (i.e., decreasing the rate of penetra 
tion (ROP)). In contrast, if a PDC cutter is used, the PDC 
cutter will shear the shale, but the abrasive sand will cause 
rapid cutter failure (i.e., the ROP will be sufficient, but wear 
characteristics will be poor). 
0.018 When drilling a typical well, a bit is run on the end 
of a bottom hole assembly (BHA) and the bit drills a 
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wellbore with a selected diameter. However, during drilling 
operations, it may be desirable to increase a diameter of a 
drilled hole to a Selected larger diameter. Moreover, increas 
ing the diameter of the Wellbore may be necessary if, for 
example, the formation being drilled is unstable Such that the 
wellbore diameter decreases after being drilled by the drill 
bit. Accordingly, tools Such as "hole openers' and “under 
reamers' have been designed to enlarge diameters of drilled 
wellbores. These types of tools also may be thought of as 
using fixed cutters. 
0019. In some drilling environments, it may be advanta 
geous, from an ease of drilling Standpoint, to drill a Smaller 
diameter hole (e.g., and 8% inch diameter hole) before 
opening the hole to a larger diameter (e.g., to a 17/2 inch 
diameter hole) with a hole opener. Moreover, it is difficult 
to directionally drill a wellbore with a large diameter bit 
because, for example, larger diameter bits have an 
increased tendency to “torque-up” (or stick) in the well 
bore. When the larger diameter bit torques-up, the bit 
tends to stick and drill a tortuous trajectory while 
periodically sticking and then unloading torque. There 
fore it is often advantageous to directionally drill a 
Smaller diameter hole before running a hole opener in 
the wellbore to increase the wellbore to a desired larger 
diameter. 

0020. A typical prior art hole opener is disclosed in U.S. 
Pat. No. 4,630,694 issued to Walton et al. The hole opener 
includes a bull nose, a pilot Section, and an elongated body 
adapted to be connected to a drillstring used to drill a 
wellbore. The hole opener also includes a triangularly 
arranged, hardfaced blade Structure adapted to increase a 
diameter of the wellbore. 

0021 Another prior art hole opener is disclosed in U.S. 
Pat. No. 5,035,293 issued to Rives. The hole opener may be 
used either as a Sub in a drillstring or may be run on the end 
of a drillstring in a manner similar to a drill bit. The hole 
opener includes radially spaced blades with cutting elements 
and Shock absorbers disposed thereon. AS described in detail 
below, embodiments of the present invention relate to hole 
opening technology in addition to bits, typically found at the 
end of a BHA. 

0022 What is still needed, however, are improved cutting 
Structures that are Suited to drill various types of formation. 

SUMMARY OF INVENTION 

0023. In one aspect, the present invention relates to a 
cutting element for a downhole cutting tool including a 
Support element, a shearing element disposed on Said Sup 
port, wherein the shearing element is disposed proximal to 
a leading edge of the downhole cutting tool, and a retaining 
element overlaying at least a portion of Said shearing ele 
ment. 

0024. In one aspect, the present invention relates to a a 
cutting element for a downhole cutting tool including a 
Support element, a shearing element disposed on Said Sup 
port, wherein the shearing element is disposed proximal to 
a leading edge of the downhole cutting tool to provide 
Substantially continuous thermally stable polycrystalline 
diamond exposure during drilling. 
0025. Other aspects and advantages of the invention will 
be apparent from the following description and the appended 
claims. 
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BRIEF DESCRIPTION OF DRAWINGS 

0.026 FIG. 1 shows a prior art diamond impregnated bit; 
0.027 FIG. 2 is a perspective view of a second type of 
diamond impregnated bit; 

0028 FIG. 3 shows rotated inserts; 
0029 FIG. 4 shows a prior art PDC drill bit; 
0030 FIGS. 5a-5b show a cutting structure formed in 
accordance with an embodiment of the present invention; 
0.031 FIG. 6 shows a drill bit formed using cutting 
Structures in accordance with embodiments of the present 
invention; 

0032 FIG. 7 shows a drill bit formed using cutting 
Structures formed in accordance with embodiments of the 
present invention, that further includes PDC cutting ele 
ments, 

0.033 FIG. 8 shows a downhole cutting tool in accor 
dance with one embodiment of the present invention; 
0034 FIG. 9 shows a flow chart illustrating one method 
of forming a cutting Structure in accordance with an embodi 
ment of the present invention 

0035 FIG. 10 shows a removable overlay that is attached 
to a TSP in accordance with an embodiment of the present 
invention; and 

0036 FIG. 11 shows a coated TSP shearing element in 
accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION 

0037. In one aspect, the present invention relates to 
cutting Structures that use a shearing element, disposed on a 
Support. In particular, the present invention relates to cutting 
structures for use in lieu of, or in combination with, PDC 
cutter elements to provide a shearing action. Moreover, 
embodiments of the present invention are particularly useful 
in high Speed applications, Such as applications that use a 
mud motor and/or turbines. 

0.038 According to some embodiments, a cutting struc 
ture that comprises a shearing element (which may com 
prises thermally stable polycrystalline diamond (TSP)) is 
disposed on a Support. In Some embodiments, the Support 
comprises diamond impregnated material. The Shearing ele 
ment may be formed from a number of compounds, Such as 
cubic boron nitride (CBN), PDC, or TSP. 
0039. In some embodiments, at least a portion of the 
Shearing element is overlayed by a retaining element to 
provide an additional retention mechanism to prevent the 
Shearing element from dislodging from the Support. In Some 
embodiments, the retaining element may be integrally 
formed with the Support. In other embodiments the retaining 
element may be discretely formed from either the same 
composition as the Support or a different composition. 

0040. In particular, in some embodiments of the present 
invention, diamond impregnated blades, which are used in 
lieu of the matrix or steel blades commonly used in PDC 
bits, provide the Support for a thermally stable polycrystal 
line diamond Shearing element. 
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0041. The manufacture of TSP is known in the art, but a 
brief description of a process for manufacturing TSP is 
provided herein for convenience. When formed, diamond 
tables comprise individual diamond “crystals” that are inter 
connected. The individual diamond crystals thus form a 
lattice Structure. Binder material, Such as cobalt particles, is 
often found within the interstitial Spaces in the diamond 
lattice Structure. Cobalt has a Significantly different coeffi 
cient of thermal expansion as compared to diamond, So upon 
heating of the diamond table, the cobalt will expand, causing 
cracks to form in the lattice Structure, resulting in deterio 
ration of the diamond table. 

0042. In order to obviate this problem, strong acids are 
used to “leach' the cobalt from the diamond lattice structure. 
Removing the cobalt causes the diamond table to become 
more heat resistant, but also causes the diamond table to be 
more brittle. Accordingly, in certain cases, only a Select 
portion (measured either in depth or width) of a diamond 
table is leached, in order to gain thermal Stability without 
losing impact resistance. AS used herein, the term TSP 
includes both of the above (i.e., partially and completely 
leached) compounds. 
0043. As a result of these structures, embodiments of the 
present invention provide a “shearbit” with shearing cutting 
elements positioned at a leading edge of the blade that are 
Supported by a Selected material. In Some embodiments, the 
shearing element (which may be TSP), is coated with a 
titanium carbide or Silicon carbide coating, to enhance its 
retention through chemical means. Further, the Shearing 
element may be shaped, as discussed with reference the 
figures below, to mimic the shapes of traditional PDC cutters 
or, depending on the application, to have other Selected 
geometries. 

0044) A cutting structure in accordance with an embodi 
ment of the present invention is now described, with refer 
ence to FIGS. 5A and 5B. In FIG. 5A, a support 502 is 
shown. In certain embodiments, the Support 502 comprises 
a diamond impregnated Support. In the embodiment shown 
in FIG. 5A, the Support 502 comprises a blade, as is known 
for PDC bits. Shaped shearing elements 500, are disposed at 
selected locations on the Support 502. In this embodiment, 
the shaped shearing elements 500 comprise thermally stable 
polycrystalline diamond. The shearing elements 500 are 
placed proximal to a leading edge 508. Moreover, in this 
embodiment, a retaining portion 504 is provided to cover at 
least a portion of the shaped shearing element 500 (as shown 
in FIG. 5B). 
0045. In this embodiment, the retaining portion 504 is 
formed from the support 502, and is created during the 
manufacturing process. However, in other embodiments, the 
retaining portion may comprise a discretely applied Support, 
which may be formed from non-infiltrated tungsten carbide, 
or other suitable materials (such as boron nitride). By 
covering at least a portion of the shearing elements 500, the 
retaining portion 504 provides a “mechanical retention 
mechanism, and decreases the likelihood of the Shearing 
element 500 coming free from the support 502. 
0046) Moreover, in FIGS. 5A and 5B, the shearing 
elements 500 are shown having a “teardrop” shape, so that 
an exposed portion 510 (i.e., the portion of the shearing 
element 500 not covered by the retaining portion 504) 
mimics the shape of a typical PDC cutter. Because the 
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shearing elements 500 can be so shaped, and because the 
Support can be molded into the shape of a blade, embodi 
ments of the present invention can be used in applications 
where PDC bits are typically used. Thus, embodiments of 
the present invention provide the advantages of PDC bits, 
Such as Shearing action and hydraulics cleaning. In Some 
embodiments, these advantages may be realized without the 
limitation of high wear in abrasive formations that PDC bits 
typically experience, because TSP may be used as a shearing 
element. 

0047 FIG. 6 illustrates a drill bit having cutting elements 
formed in accordance with an embodiment of the present 
invention. In FIG. 6, a bit body 600 has a plurality of blades 
610 extending from the bit body 600. In this embodiment, 
the blades 610 are formed from diamond impregnated 
material, which may be manufactured using any technique 
known in the art. The bit body 600 itself may also be formed 
from diamond impregnated material, or may be formed of a 
high Strength matrix material (known to those having ordi 
nary skill in the art), or may be steel (which may be 
overlayed with hard facing). 

0048. The blades 610 have cutting elements 612 mounted 
at Select locations. The cutting elements 612 include a 
Shearing element, comprising thermally stable polycrystal 
line diamond Supported by diamond impregnated material, 
that forms the blades 610. Moreover, a retaining portion 614 
is disposed over at least a portion of the cutting elements 
612, to help prevent cutting element 612 loss. The cutting 
elements 612 are arranged proximal to a leading edge 630 of 
the blades 610, Such that the shearing portion (not separately 
numbered) contacts the formation to be drilled. The shearing 
element is So disposed to provide Substantially continuous 
Shearing engagement with an earth formation during drill 
ing. Furthermore, the bit body 600 includes suitably posi 
tioned nozzles or “jets'620 to discharge drilling fluid in 
Selected directions and at Selected rates of flow. 

0049 Moreover, in certain embodiments, the shearing 
element may be coated with a material to either create or 
enhance a bond between the support (e.g., the blades 610 in 
the embodiment described above) and the Shearing element 
(e.g., cutting element 612 in the embodiment described 
above). In various embodiments, the coating may comprise 
a titanium based coatings, tungsten based coatings, nickel 
coatings, various carbides, nitrides, and other materials 
known to those skilled in the art. In particular embodiments, 
a TSP shearing element is provided with a titanium or silicon 
carbide coating. FIG. 11 illustrates a titanium carbide coat 
ing 1110 deposited on shearing element 1100, which is 
disposed on Support 1120. 

0050 FIG. 7 illustrates another embodiment of the 
present invention. In this embodiment, shearing elements 
formed in accordance with an embodiment of the present 
invention are used in combination with standard PDC 
inserts. In particular, as shown in FIG. 7, two groups of 
cutting elements 710, 720 are shown extending from bit 
body 700. The first group of cutting elements 710, which 
extend slightly further and, therefore, will engage the for 
mation first, comprise PDC inserts. The PDC inserts com 
prise a cylindrical tungsten carbide Substrate to which a 
diamond table made from various forms of natural and/or 
synthetic diamond is affixed. The substrate is brazed or 
otherwise bonded to the bit body 700 in a selected position. 
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0051. The second group of cutting elements 720 com 
prise a shearing element having a retaining portion 724 
disposed over at least a portion of the cutting elements 720 
to help prevent cutting element 720 loss. 
0052. When drilling, the first group of cutting elements 
710 (which include the “standard” PDC cutters) interact 
with the formation first. After drilling for a period of time, 
the PDC cutting elements 710 will begin to wear. At some 
point during the drilling process, the diameter of the PDC 
cutters will wear to the point where the cutting elements 720 
begin to interact with and shear the formation. 
0053. In some embodiments, the shearing elements 
(which may comprise TSP) may be disposed to follow or 
track PDC cutters (on the same radius) to minimize PDC 
wear progreSS. In other embodiments, the Shearing elements 
may be arranged at a different exposure than the PDC cutter 
where the diamond volume (assuming that the Shearing 
element comprises diamond) increases once PDC cutters are 
worn beyond a certain degree (i.e., both sets of cutting 
elements begin to interact with the formation). Also, in Some 
embodiments, the different cutting elements may alternate 
where elements having Similar characteristics track. The 
higher wear on the PDC cutters will leave more pronounced 
scallops on the hole bottom to stabilize the bit and reduce 
vibration. 

0054. This structure for a drill bit, which uses two dif 
ferent types of cutters, is particularly advantageous for 
formations that go from “soft' to “hard.” PDC cutters wear 
relatively quickly in hard formations, causing a significant 
drop in the rate of penetration (ROP). However, by using a 
structure as described above, the TSP cutting elements begin 
to interact with the formation as the PDC cutters wear, 
maintaining or even increasing ROP. 

0055 Again, it is noted that while reference has been 
made to particular compositions and structures in the above 
embodiments, the present invention is not So limited. In 
particular, embodiments of the present invention relate to a 
Shearing element disposed on a Support, the shearing ele 
ment being disposed to provide shearing engagement with 
an earth formation during drilling. In certain embodiments, 
the shearing element may be formed from TSP, CBN, and/or 
polycrystalline diamond. 

0056 Further, in certain embodiments, the Support com 
prises a diamond impregnated material, but may be formed 
from matrix materials (any Suitable material known in the 
art), or steel, for example. Those having ordinary skill in the 
art will recognize that other materials may be used. Also, in 
certain embodiments, the Shearing element is formed Such 
that the leading edge consists of essentially a Single type of 
material. Moreover, in certain embodiments, a retaining 
element is provided. The retaining element may be formed 
integrally from the Support element, or may comprise a 
discrete element that may or may not be formed from the 
Same material as the Support. 
0057. In other embodiments of the present invention, 
cutting structures formed in accordance with the present 
invention may be used in a downhole drilling tool, which in 
one embodiment may be a hole opener. FIG. 8 shows a 
general configuration of a hole opener 830 that includes one 
or more aspects of the present invention. The hole opener 
830 comprises a tool body 832 and a plurality of blades 838 
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disposed at Selected azimuthal locations about a circumfer 
ence thereof. The hole opener 830 generally comprises 
connections 834,836 (e.g., threaded connections) so that the 
hole opener 830 may be coupled to adjacent drilling tools 
that comprise, for example, a drillstring and/or bottom hole 
assembly (BHA) (not shown). The tool body 832 generally 
includes a bore therethrough so that drilling fluid may flow 
through the hole opener 830 as it is pumped from the surface 
(e.g., from Surface mud pumps (not shown)) to a bottom of 
the wellbore (not shown). The tool body 832 may be formed 
from steel or from other materials known in the art. For 
example, the tool body 832 may also be formed from a 
matrix material infiltrated with a binder alloy. 
0058. The blades 838 shown in FIG. 8 are spiral blades 
and are generally positioned at Substantially equal angular 
intervals about the perimeter of the tool body so that the hole 
opener 830. This arrangement is not a limitation on the scope 
of the invention, but rather is used merely to illustrative 
purposes. Those having ordinary skill in the art will recog 
nize that any prior art downhole cutting tool may be used. In 
this embodiment, the blades 838 are formed from matrix 
material infiltrated with a binder alloy, and cutting elements 
840. Such as those described above with reference to FIG. 5 
are disposed on the blades 838. Other blade arrangements 
may be used with the invention, and the embodiment shown 
in FIG. 8 is not intended to be limiting. 
0059 Moreover, in addition to downhole tool applica 
tions Such as a hole opener, reamer, Stabilizer, etc., a drill bit 
using cutting elements according to various embodiments of 
the invention Such as disclosed herein may have improved 
drilling performance at high rotational Speeds as compared 
with prior art drill bits. Such high rotational speeds are 
typical when a drill bit is turned by a turbine, hydraulic 
motor, or used in high rotary Speed applications. 
0060. As known in the art, various types of hydraulically, 
pneumatically, or rotary operated motors can be coupled to 
the bit. These so-called “mud motors' are operated by 
pumping drilling fluid through them. Generally, there are 
two basic types of mud motors. On type of motor is called 
“positive displacement.” Positive displacement motors 
include a chambered stator in the interior of the motor 
housing which is usually lined with an elastomeric material, 
and a rotor which is rotationally coupled to the motor output 
shaft (and thence to the drill bit). 
0061 Movement of drilling fluid through chambers 
defined between the Stator and rotor causes the rotor to turn 
correspondingly to the Volume of fluid pumped through the 
motor. The other type of mud motor is called “turbine,” 
because the output of the motor is coupled to a turbine 
disposed inside the motor housing. AS those having ordinary 
skill in the art will appreciate, the additional motors cause a 
higher rotational Speed in the bit. By coupling cutting 
Structures in accordance with embodiments of the present 
invention with motors, turbines, and the like, higher pen 
etration rates can be achieved. The cutting Structures in 
accordance with the present invention provide the necessary 
flow required, as well as providing the necessary durability, 
to Survive under these conditions. 

0.062. In one embodiment of the invention, the support 
(which may comprise the blades and/or the body of the bit) 
is made from a solid body of matrix material formed by any 
one of a number of powder metallurgy processes known in 
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the art. During the powder metallurgy process, abrasive 
particles and a matrix powder are infiltrated with a molten 
binder material. Upon cooling, the Support includes the 
binder material, matrix material, and the abrasive particles 
suspended both near and on the surface of the drill bit. The 
abrasive particles typically include Small particles of natural 
or Synthetic diamond. AS noted above, Synthetic diamond 
used in diamond impregnated drill bits is typically in the 
form of Single crystals. However, thermally stable polycrys 
talline diamond (TSP) particles may also be used. 
0063. One suitable method of forming a cutting structure 
in accordance with an embodiment of the present invention 
is now described, with reference to FIG. 9. In the present 
invention, as illustrated in FIG. 9, a shaped, shearing 
element is placed into a mold (step 900). Depending on the 
embodiments, the shearing element may comprise thermally 
Stable polycrystalline diamond. Further, in certain embodi 
ments, the shearing element may be coated with a chemical 
coating, Such as titanium carbide or Silicon carbide. In order 
to form the retaining portion that overlays the Shearing 
element in embodiments of the present invention, a remov 
able overlay is attached to the Shearing element, prior to 
being placed in the mold. This structure is shown in FIG. 10. 
0064. In FIG. 10, removable overlay 1020 is shown 
attached to thermally Stable polycrystalline diamond Shear 
ing element 1010. The removable overlay 1020 is also 
shown in contact with mold bottom 1030. The removable 
overlay 1020 is formed from a material such that during the 
diamond infiltration process (resulting in the diamond 
impregnated Support) it is destroyed. In one embodiment, 
the removable overlay 1020 may be formed from sand. 
0065 Returning to FIG. 9, after the shearing elements 
(and the removable overlay) are placed into the mold, one of 
two steps may occur. A discrete retaining portion may be 
added or, a “charge' of matrix powder (which may be 
tungsten carbide) is added to “fill” the mold (step 910). 
0066 Finally, a binder, and more specifically an infiltrant, 
(which may be a nickel brass copper based alloy), along with 
the diamonds (in the case where the Support comprises a 
diamond impregnated Support), is placed on top of the 
charge of powder. The mold is then heated Sufficiently to 
melt the infiltrant and held at an elevated temperature for a 
sufficient period to allow it to flow into and bind the powder 
matrix or matrix and Segments. For example, the bit body 
may be held at an elevated temperature (>1800 F) for a 
period on the order of 0.75 to 2.5 hours, depending on the 
size of the bit body, during the infiltration process (step 920). 
0067. The diamond particles which are used to form the 
matrix powder may be either natural or Synthetic diamond, 
or a combination of both. The matrix in which the diamonds 
are embedded to form the diamond impregnated material 
should Satisfy Several requirements. The matrix preferably 
has Sufficient hardneSS So that the diamonds exposed at the 
cutting face are not pushed into the matrix material under the 
very high preSSures encountered in drilling. In addition, the 
matrix preferably has Sufficient abrasion resistance So that 
the diamond particles are not prematurely released. 
0068 To satisfy these requirements, as an exemplary list, 
the following materials may be used for the matrix in which 
the diamonds are embedded: tungsten carbide (WC), tung 
Sten alloys Such as tungsten/cobalt alloys (W-Co), and 
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tungsten carbide or tungsten/cobalt alloys in combination 
with elemental tungsten (all with an appropriate binder 
phase to facilitate bonding of particles and diamonds) and 
the like. Those of ordinary skill in the art will recognize that 
other materials may be used for the matrix, including 
titanium-based compounds, nitrides (in particular cubic 
boron nitride), etc. 
0069. It will be understood that the materials commonly 
used for construction of bit bodies can be used in the present 
invention. Hence, in one embodiment, the bit body may 
itself be diamond-impregnated. In an alternative embodi 
ment, the bit body comprises infiltrated tungsten carbide 
matrix that does not include diamond. If this is the case, the 
blades which form the Support for the shearing element may 
or may not be separately formed from diamond impregnated 
material. In an alternative embodiment, the bit body can be 
made of Steel, according to techniques that are known in the 
art. The bit can optionally be provided with a layer of 
hard facing. Again, if this is the case, the blades may be 
formed from diamond impregnated material. 
0070 Advantageously, cutting structures formed in 
accordance with embodiments of the present invention pro 
vide drill bits and downhole cutting tools that provide good 
Shearing action, even in hard formations. Moreover, embodi 
ments of the present invention provide drill bits and down 
hole cutting tools that may be run at high speeds (i.e., higher 
bit RPM's). 
0071 While the invention has been described with 
respect to a limited number of embodiments, those skilled in 
the art, having benefit of this disclosure, will appreciate that 
other embodiments can be devised which do not depart from 
the Scope of the invention as disclosed herein. Accordingly, 
the scope of the invention should be limited only by the 
attached claims. 

What is claimed is: 
1. A cutting element for a downhole cutting tool, com 

prising: 

a Support element; 
a shearing element disposed on Said Support, wherein the 

shearing element is disposed proximal to a leading edge 
of the downhole cutting tool; and 

a retaining element overlaying at least a portion of Said 
shearing element. 

2. The cutting element of claim 1, wherein Said Support 
element comprises thermally stable polycrystalline dia 
mond. 

3. The cutting element of claim 1, wherein Said retaining 
element is integral to the Support element. 

4. The cutting element of claim 1, wherein Said shearing 
element comprises at least one Selected from the group of 
polycrystalline diamond, thermally stable polycrystalline 
diamond, and boron nitride. 

5. The cutting element of claim 4, wherein the shearing 
element is thermally stable polycrystalline diamond. 

6. The cutting element of claim 5, wherein Said shearing 
element further comprises a coating. 

7. The cutting element of claim 4, wherein Said coating 
comprises at least one Selected from a titanium based 
coating, a tungsten based coating, and a nickel based coat 
Ing. 
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8. The cutting element of claim 1, wherein the Support 
element comprises coated natural diamond. 

9. The cutting element of claim 1, wherein the cutting 
element is disposed on a reamer, Stabilizer, or hole opener. 

10. The cutting element of claim 1, wherein the cutting 
element is disposed on a drill bit. 

11. A cutting element for a downhole cutting tool, com 
prising: 

a Support element; 
a thermally stable polycrystalline diamond shearing ele 

ment disposed on Said Support, wherein the thermally 
Stable polycrystalline diamond Shearing element is dis 
posed proximal to a leading edge of the downhole 
cutting tool to provide Substantially continuous ther 
mally stable polycrystalline diamond exposure during 
drilling. 

12. The cutting element of claim 10, wherein the Support 
element comprises diamond impregnated material. 

13. The cutting element of claim 10, further comprising a 
retaining element overlaying at least a portion of Said 
Shearing element. 

14. A hole opener comprising: 
a tool body comprising upper and lower ends adapted to 

be coupled to adjacent drilling tools or pipe; 
at least two blades formed on the tool body; and 
a plurality of cutting elements, wherein the cutting ele 

ments comprise: 
a Support element; 
a shearing element disposed on Said Support, and 
a retaining element overlayed on at least a portion of 

Said shearing element, 
wherein the plurality of cutting elements are configured to 

increase a diameter of a previously drilled wellbore. 
15. The hole opener of claim 13, wherein said support 

element comprises thermally stable polycrystalline dia 
mond. 

16. The hole opener of claim 13, wherein said shearing 
element comprises at least one Selected from the group of 
polycrystalline diamond, thermally stable polycrystalline 
diamond, and boron nitride. 

17. The cutting element of claim 13, wherein said retain 
ing element is integral to the Support element. 

18. The hole opener of claim 13, wherein said shearing 
element further comprises a coating. 

19. The hole opener of claim 18, wherein said coating 
comprises at least one Selected from a titanium based 
coating, a tungsten based coating, and a nickel based coat 
Ing. 

20. A hole opener comprising: 
a tool body comprising upper and lower ends adapted to 

be coupled to adjacent drilling tools, 

at least two blades formed on the tool body; and 
a plurality of cutting elements, wherein the cutting ele 

ments comprise: 
a Support element; 
a thermally Stable polycrystalline diamond Shearing 

element disposed on Said Support, wherein the ther 
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mally Stable polycrystalline diamond Shearing ele 
ment is disposed proximal to a leading edge of the 
downhole cutting tool to provide Substantially con 
tinuous thermally stable polycrystalline diamond 
exposure during drilling, 

21. The hole opener of claim 20, wherein the support 
element comprises diamond impregnated material. 

22. The hole opener of claim 20, further comprising a 
retaining element overlaying at least a portion of Said 
Shearing element. 

23. A drill bit comprising: 
a bit body having at least one Support element; 
a shearing element disposed on Said Support, and 
a retaining element overlaying at least a portion of Said 

shearing element. 
24. A drill bit comprising: 
a bit body having at least one Support element; and 
a thermally Stable polycrystalline diamond shearing ele 
ment disposed on Said Support, wherein the thermally 
Stable polycrystalline diamond Shearing element is dis 
posed proximal to a leading edge of the downhole 
cutting tool to provide Substantially continuous ther 
mally stable polycrystalline diamond exposure during 
drilling. 

25. A drill bit comprising: 
a bit body having at least one Support formed from a 
diamond impregnated material; 

a thermally Stable polycrystalline diamond shearing ele 
ment disposed on Said Support, and 

a retaining element overlaying at least a portion of Said 
shearing element. 

26. A drill bit comprising: 
a bit body having at least one blade thereon, wherein at 

least one insert is disposed on the at least one blade, 
wherein the insert comprises 
a Substrate; and 
a diamond table disposed on Said Substrate; and 

a shearing element disposed on the at least one blade, 
wherein the shearing element has a retaining element 
overlaying at least a portion of Said shearing element. 
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27. The drill bit of claim 26, wherein said support element 
comprises thermally stable polycrystalline diamond. 

28. The drill bit of claim 26, wherein said retaining 
element is integral to the diamond impregnated Support. 

29. The drill bit of claim 26, wherein the at least one insert 
on the first blade is arranged to contact a formation prior to 
the Shearing element on the Second blade. 

30. A drill bit comprising: 

a bit body having at least one blade thereon, wherein at 
least one insert is disposed on the at least one blade 
blade, wherein the insert comprises 

a Substrate; and 

a diamond table disposed on Said Substrate; and 
a thermally stable polycrystalline diamond shearing ele 

ment disposed on the at least one blade, wherein the 
thermally stable polycrystalline diamond Shearing ele 
ment is disposed proximal to a leading edge of the 
downhole cutting tool to provide Substantially continu 
ous thermally stable polycrystalline diamond exposure 
during drilling. 

31. The drill bit of claim 30, wherein the at least one insert 
on the first blade is arranged to contact a formation prior to 
the Shearing element on the Second blade. 

32. A method of forming a cutting element, comprising: 

forming a Support element; 

bonding a shearing element to the Support element; and 

providing a retaining element that overlays a portion of 
the Shearing element. 

33. A cutting element for downhole applications, com 
prising: 

a diamond impregnated Support; 

a thermally stable polycrystalline diamond shearing ele 
ment disposed on Said Support, wherein the Shearing 
element is arranged So that the thermally Stable poly 
crystalline diamond is Substantially the only material 
cutting the formation. 


