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@ Multi-component cutting element using triangular, rectangular and higher order polyhedral-shaped polycrystalline

diamond disks.

() A diamond cutter {18) for use in a drill bit having a
geometric size and shape normeally characterised by
unieached diamond product, such as STRATAPAX diamond
cutters, can be fabricated by assembling a plurality of prefab-
ricated leached polycrystalline diamond (PCD) elements (14)
in an array in a cutting slug (20). A cutting slug is formed of
matrix (16) material which in one embodiment is impregnated
with diamond grit. The cutting face of the cutting slug (20) is
characterized by exposing at least one surface of each of the
PCD elements {14) disposed therein. The diamond elements
(14) may be set within the cutting slug (20) either in a compact
touching array or in a spaced-apart relationship. More than
one type of array may also be employed within a single cut-
ting slug (20). The diamond elements (14} can assume a vari-
ety of polyhedral shapes such as triangular prismatic ele-
ments, rectangular elements, hexagonal elements and the
like. The plurality of diamond elements {14) and the cutting
slug (20) are fabricated using hot pressing or infiltration tech-
niques (Figure 2).
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MULTI~COMPONENT CUTTING ELEMENT USING

TRIANGULAR, RECTANGULAR AND HIGHER ORDER

POLYHEDRAL~-SHAPED POLYCRYSTALLINE DIAMOND DISKS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the £field of earth

boring tools and in particular relates to diamond cutters used on

rotating bits.

2. Description of the Prior Art

Rotating diamond drill bits were initially manufactured
with natural diamonds of industrial guality. The diamonds were
sguare, round or of irregular shape and fully embedaéd in &
metallic bit body, which was generally febricated by powder
metalluvrgical technigues. Typically, the natural diamonds were
of a small size ranging from various grades of grit to larcer
sizes where natural diamonds of 5 or 6 stones per carat were
fully embedded in the metal matrix. Because of the small size of
the natural diamonds, it was necessary to fully embed the
diamonds within the matrix in order to retain them on the bit
face under the tremendous pressures and forces to which a d&rill

bit is subjected during rock drilling.
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Later, the commercial production of synthetically
produced diamond grit and polycrystalline stones became a
reality. For example, synthetic diamond was sintered into larger
disk shapes and were formed as metal compacts, typically forming
an amalgam of polycrystalline sintered diamond and cobalt
carbide. Such diamond tables are commercially manufactured by
General Electric Company. under the trademark STRATAPAX. The
diamond tables are bonded, usually within a diamond press to a
cobalt carbide slug and sold as an integral slug cutter. The
slug cutters are then attached by the drill bit manufacturers to

a tungsten carbide slug which is fixed within a drill bit body

according to the design of the bit manufacturer.

However, such prior art polycrystalline diamond (PCD)

compact cutting slugs are characterised by a low temperzture
stability. Therefore, their direct incorporation into an

infiltrated matrix bit body is not practical or possible at this

time.

In an attempt to manufacture diamond cutting elements of
improved hardness, abrasion resistance and temperature stability,
prior art diamond synthesizers have developed a polycrystalline
sintered diamond element from which the metallic interstitial
components, typically cobalt, carbide and the 1like, have been
leached or otherwise removed. Such leached polycrystalline
synthetic diamond is manufactured by the General Electric Company

under the trademark GEOSET, for example 2102 GEOSETS, which are
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formed in the shape of an equilateral prismatic triangle % mn on
a side and 2.6 mm deep (3 per carat), and as a 2103 GEOSET shaped
in the form of an eguilateral triangular prismatic element 6 mm
on a side and 3.7 mm deep (1 per carat). Bowever, due to present
fabrication techniques, in order to leach the synthetic sintered
PCD and achieve the improved temperature stability, it is
necessary that these diamond elements be limited in size.
Therefore, whereas the diamond compact slug cutters, STRATAFAX,
may be formed in the shape of circular disks of 3/8" (9.5 mm) to
172" (12.7 mm) in diameter, the leached +triangular prismatic
diamonds, GEOSETS, have maximum dimensions of 4 mm to 6 mm. It
is well established that the cutting rate of a diamond rotating
bit is substantially improved by the size of the exposed diamond
element available for vuseful cutting. Therefore, according to
the prior art, the increased temperature stability of 1leached
diamond products has been achieved only at the sacrifice of the
size of the diamond elemeﬂts and therefore the amount of diamond

available in a bit design for useful cutting action.

What 1is needed then 1is a PCD cu£ter which 1is
characterised by the temperature stability and characteristics of
leached diamond products, and yet has the size available for
useful cutting action which 1is characterised by the larger

unleached diamond products.



10

15

20

0156264
BRIEF SUMMARY OF THE INVENTION :

The invention is a dlamond cutter for use in a driil
bit. The diamond cutter comprises & plurality of thermally
stable, prefabricated, synthetic polycrystalline diamond (PCD)
elements., A cutting slug is provided and is characterized by a
cutting face. The cutting slug is comprised of a metallic matrix
material. The PCD elements are disposed in the cutting sluvg ang
retained therein by the ma'trix material. The matrix material also
incorporates a dispersion of diamond grit, at 1least in that
portion of the matrix material adjacent to the cutting face of
the cutting slvg. By reason of this combination of elements, an

enlarged diamond cutter is provided for mounting in the drill

bit.

More particulerly, the invention is & diamond cutter for
use in 8 rotating 8rill bit comprising a piurality of leached PCI
triangular prismatic and prefabricated elements. A cutting slut
is providedé and is comprised of a metallic matrix material ant
characterized by a cutting face. The plurality of PCD element:
are disposed in an array within the cutting slug. Each one o
the PCD elements has at least one surface which is fully expose:
on the cutting face of the cutting slug. The matrix materia
also incorporates gdiamond grit in at least that pdrtion of th
cutting slug adjacent to the cutting face, and preferzbl

uniformally throughout the volume of the matrix material. B

25 reason of this combination of elements, a cutting slug i
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provided which has a geometry similar to that now only obtzined
by unleached PCD product but is characterised by the physiczl

temperature and wear properties of leached PCD product.

These and other embodiments of the invention can best be

understood by considering the following figures wherein like

elements are referenced by like numerals.
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BRIEF DESCRIPTICN OF THE DRAWINGS

Figure 1 is a diagrammatic perspective view of a first

embodiment incorporating a triangular PCD element.

Figure 2 is a diagrammatic perspective view of a second
embodiment of the invention incorporating a triangular diamond

element.

Figure 3 is a diagrammatic perspective view of a thirag
embodiment of the invention incorporating a triangular diamond

element.

Figure 4 is a perspective view of a fourth embodiment of
the invention incorporating a triangular diamond element.
Figure 5 is a perspective view of a fifth embodiment of

the invention incorporating a triangular diamond element.

Figure 6 is a plan view of a sixth embodiment of the

invention incorporating a triangular diamond element.

Figure 7 is a perspective view of a seventh embodimen:

of the invention incorporating & rectangular diamond element.

Figure 8 is a diagrammatic perspective view of th

eighth embodiment of the invention incorporating a higher orde



polyhedral shaped diamond element.

The invention and 1its various enbodiments are better
understood by considering the above Figures in light o©f the

5 following detailed description.
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DETAILED DESCRIPTION OF THE PREFERRED EMBOUDIMENTS

The invention is an enlarged diamond cutter in a
rotating bit comprised of &a plurality of synthetic
polycrystalline dJdiamond elements. The diamond elements are
bonded or embedded in a ;ufting slvug formed of matrix material.
The matrix material further incorporates diamond grit so that the
arrayed PCD elements, each of which have exposed surfaces on the
cutting face of the cutting slug, together with the diamong
impregnated matrix material therebetween simulates an integral
enlarged dGiamond table. However, the composite diamond table
made £from these components in turn is characterised by the
physical, temperature and wear characteristics of the smaller
components which may be chosen from leached diamond product.
Therefore, diamond cutters having the geometric size and design
configuration of the traditionally larger unleached diamond
compacts can be fabricated vusing a multiple component arrzy of
leached diamond elements according to the invention. The
invention is better understood by first considering the

embodiment in Figure 1.

Turn now to Figure 1 wherein a diamond cutter, generally
denoted by reference numeral 10, is diagrammatically depicted in
perspective view as forming the diamond table for an infiltrated
integral matrix tooth, also generally denoted by reference

numeral 12. Diamond cutter 10 is comprised of a plurality of

embodiment,
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¢iamond elements 14 are triangular prismatic elements such’as 5T €
s0ld by General Electric Company under the trademarks 2102 GEGSET
and 2103 GEOSET. This material is leached diamond material which
exerts greater temperature stability and improved wear

characteristics than unleached diamond material, such as sold by

General Electric Company under the trademark STRATAPRX.

Diamond elements 14 are arranged and grouped in an array
which collectively comprises diamond cutter 10. In the czse of
Figure 1, wherein diamond elements 14 are eguilateral triancular
prismatic elements, four such elements can be arranged to
collectively form a larger equilaterial triangular prismatic
shape. For example, in the case where 2103 GEOSETs are used as
diamond elements 14, four such elements can be combined to form
an eguilateral prismatic triangular shape having & side of 12 =mm,
and not 6 mm as in the case of a 2103 GEOSET. Clearly, the
number of PCD elements 14 can be increased to construct even

larger triangular arrays than that depicted in Figure 1.

The triangular array formed by diamond cutter 10
contemplates a compact array of diamond elements 14 wherein each
diamond element is in contact with, or in the immediate proximity
of , at least one adjacent diamond element 14. 1In the illustrated
embodiment, each diamond element 14 in the array is bonded to an
adjacent diamond ‘by a thin layer of matrix material generally
constituted of tungsten carbide and such other elements and

compounds as are well known in the art in powder metullurgy for
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inclusion in such metallic matrices, Matrix material layer 16 it
shown in Figure 1 simply as & dimensionless line. It is entirely
within the scope of the invention that diamond elements 14 may
2lso be arranged in a spaced-apart relstionship with the
interstitial spaces completely filled with matrix material 16.
PCD elements in the invéntion in a compact array ﬁay actually
touch each other or may be separated by a thin layer of matrix
material which tends to bond the adjacent elements together. For
the purposes of this specification, either situation or its
equivalent shall -be defined as an "immediately proximzte"

configuration.

Again, according to the invention, matrix material 16 as
shown in Figure 1, for example, includes diamond grit dispersed
at least in that portion of matrix material 16 in the proximity
of the cutting face of diamond cutter 10. The mesh or grit size
of the natural or synthetic diamond incorporzted tﬂén matrix
mzterial 16 may be of any magnitude or range according to the
grenularity and wear resistance properties ultimately desired as
dictated by well known principles. Generally, & grit diameter in
the range of 0.01 inch (0.254mm) to 0.05 inch (1.27mm) suffices.
Generally, a diamond grit concentration uniformly dispersed

Throught matrix material 16 of 50% to 100% by volume is utilized.

Turn now to Figure 2, wherein the second embodiment is
illustrated in perspective view. Again, a diamond cutter

cenerally denoted by reference numeral 1B is shown as a part of
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an integral matrix tooth in a matrix body bit. Diamond cutter 1¢
is comprised of a plurality of triangular prismatic &izmong
elements 14 disposed within a cutting slug 20. Cutting slug 2¢
mzy have a variety of geometric shapes such as semicircular as
shown in Figure 2. Diamond elements 14 in the illustrateg
embodiment of Figure afe ‘set within cutting slug 20 in a
spaced-apart relationship wherein matrix material 16 is disposed
between adjacent diamond elements 14. Diamond elements 14 &and

matrix material 16 are identical to the like numbered elements

described above in connection with the embodiment of Figure 1.

The first and second embodiments of Figures 1 &and 2
respectively are formed as part of & infiltrated matrix body bit,
only the tooth of which is diagrammatically shown in the figures.
Cutting slugs 10 &nd 20 can be formed by conventional hot press
technigues or by infiltration technigues separatel§ from the

matrix body bit or may be formed simultaneously throuckh

infiltration technigues with the bit body. Consider first a
fabrication technique using a hot press method. Triangular
prefabricated synthetic diamonds 14 are placed within an

appropriately shaped mold in the desired array. Thereafter, =
mixture of metallic powder containing the dispersed diamond grit
is tamped into the mold and distributed between diamond elements

14. Typically, a substantizlly greater thickness of diamond

25 bearing metallic powder is placed in the mold than the thickness

of PCDs 14. This differentizl thickness is to compenszte for the

greater compressibility of the powder as compared to the
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relatively noncompregsible diamonds 14. Thereafter, the molc ic
closed by one or more anvils, typically made with the sanme
material as the mold, such as carbon. The filled mold and anvils
are then placed within a conventional hot press which typicelly

5 heats the mold and its contents by an induction heater. Pressure
and temperature is then ;ppiied to the filled mold, causing the
diamond impregnated metallic powder to amalgamate and sinter,
vltimately compressing to the shape of cutting slug 10 or 20, as
Gefined by the mold. For example, a pressure of 200-psi and a

10 temperature of 1900°F held for 3 minutes is generally suitable
for producing the desired cutting slug. The pressures and
temperatures employed are well outside the diamond synthesis or
diamond-to-graphite conversion phase regions s0 that
substantially no diamond is created or destroyed in the process.

15

An infiltration technigue may also be employed to either
separately manufacture cutting- slugs 10 and 20 or to manufacture
cutting slvags 10 and 20 integrally with the matrix tooth. 1In the
case where the cutting slvgs a&are separately manufactured, an

20 eppropriately shaped@ carbon mold is fabricated and diamonds 14
set therein in the desired array. Once again, diamond
impregnated metallic matrix powder is filled within the mold and
mold then furnaced. The powder is allowed to sinter and
infiltrate between diamonds 14 to form the finished cutting =luc.

25 Thereafter, the preformed cutting slug may then be placed within

a carbon mold for a matrix bit and fabricated into the bit in &

conventional manner. Alternatively, diamond elements 14 mzy be
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individually glued into a mold for a matrix body bit in the
desired array and position. Thereafter, the matrix body bit is
filled first with a layer of diamond impregnated metallic powder

and then is continued to be filled with wvarious grzdes of

metallic powder according to conventional matrix bit fabrication

technigues. The entire mold is then furnaced so that the cutting

slug is simultaneously and integrally formed with the body of the

matrix bit.

Turn now to Figure 3 wherein a third embodiment is

illustrated showing a cutting slug, generally denoted by -

reference numeral 22, bonded to & steel or tungsten carbide stud
24 zlso well known to the art. Again, cutting slug 22 is
comprised of an array of a plurality of prefabricated, synthetic
' PCDs l4a and 14b. Again, these diamonds are generally triangular
prismatic elements such as 2103 and 2102 GECSETS and are disposed
in & diamond impregnated metallic mat}ix 16. The array of
diamonds shown in the embodiment of Figure 3 is comprised of =&
first grouping of diamonds l4a and a second grouping 14b. First
)grouping 14a are a plurality of diamonds in spaced apart
relationship to form staggered rows of exposed triangular faces
in an alternating inverted pattern. Group 14b of diamonds are
placed along the circumference of circular cutting slug 22 so
that their apical points 26 are directed in a2 generally radially
>outward direction. As cutting sluvg 22 wears, the apical points
will begin to be exposed &and provide for an aggressive cuttinc

action along the edge of cutting slug 22. Diamonds in grouping
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l4a simulate a planar diamond table adapted for cutting soit
rock. The two groupings 1l4a and 14b of diamonds in the
embodiment of Figure 3 are only shown hypothetically to
illustrate that different arrays which can be employed, and to
5 demonstrate that diamond groupings on a single cutting slug 22
may be varied at different regions within the cutting slvug in
order to provide edges or faces characterised by a different

diamond profile and cutting behavior. .

10 Cutting slug 22 is bonded by soldering, brazing and
other means as diagrammatically indicated by braze layer 28,
shown in greatly exaggerated view in Figure 3. Stud 24 is then

- press fit, soldered or otherwise fitted into a bit body,
typically a steel bit body as is well known to the art. Many

15 such studs are known and could be advantageously combined with

the cutting slugs of the present invention.

Turn now to Ficgure 4 wherein a fourth embodiment of the

invention is illustrated, again shown as a cutting tooth of =&
20matrix bit body. Bere the cutting sluvg, generally denoted by
reference numeral 30, is rectangular or sguare in gross
geometric outline and is comprised of an array of prefabricated
PCDs 14 which are again generally triangular &and prismatic in
shape. Diamonds 14 are mounted within cutting slug 30 in =&
25 spaced apart relaiionship so that the interstitial spaces between
diamonds 14 are again filled with diamond impregnated matrix

material 16. Those diamonds 14 along the periphery of cutting
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slug 30 are oriented to have one side face 32 exposed zné arc
coplanar with the flat sides of rectangular cutting slug 30. The
end faces 34 of diamonds 14 are similarly exposed on the cutting
face 36 of cutting sluvg 30. Although diagrammatically depicted
> as incorporated within a2 matrix tooth 38, a rectangular cutting
slug 30 such as shown in Figure 4 could be well adaptéd to a step
bit where it could be bonded, soldered or brazed to the corners

of the rectangular steps of the bit.

0 Turn now to Figure 5 wherein yet a fifth embodiment of
the invention is diagrammaticezlly 3illustrated in perspective
view. In the fifth embodiment & cutting slvg, generzlly denoted
by reference numeral 40, is comprised of a plurality of compactly
arrayed diamonds 1l4. More particulariy, diamonds 14 are bonded

5 together in groups of six to form a regular hexagonal slug 40.
individual d&iamond elements 14 are bonded together by & thin
matrix layer 16 between each adjacent diamond element 1l4. As
with the prior embodiments, cutting slug 40 is fabricated by a
conventional hot press or infiltration technigque. The completed

20 cutting slug 40 is similarly bonded to a stud 42 by soldering,

brazing or other means as diagrammatically depicted by brazing

layer 44,

The eguilateral triasngular prismatic diamond elements 14
250f the embodiment of Figure 5 can be generalized to form larger
structures as shown in plan view in Figure 6. Thus, a number of

hexagonal arrays, each generally denoted by reference numerzl 46§,
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can be combined to form a larger cutting sluvug 46. Each hexezoorzl
subarray 48 which forms part of larger array 46 is bonded

together by diamond impregnated matrix material 16 as previously

described.

Turn now to Figure'7. Heretofore, the cutting slugs in
each embodiment.have been described as being built up of
triangular prismatic prefabricated synthetic PCDs. The
embodiment of Figure 7 generalizes the teachings of the prior
embodiments by incorporating prefabricated rectangular prismztic
PCD or cubic diamond elements 50. Cubic diamond elements 50 are
then combined and bonded together by thin layers of diamong
impregnated metallic matrix 16 as before to form a larger cutting
slug, génerally denoted by reference numeral 52. 1In addition to
forming the thimn interstitial layer, bonding adjacent diamond
elements 50, matrix material 16 may also frame or provide an
ovter encapsulating rectangular enclosure for the zrray of
dismondés 50 for zoditional security. The rectangular or saquare
cutting slug 52 of the embodiment of Figure 7 can then be bonded

to a stud cutter or integrally formed within a matrix body bit.

Turn finally to the embodiment of figure B wherein a
higher order, regular polyhedral shaped diamond element 54 is
combined with other 1like-shaped diamond elements of the same or
different orders of polyhedral shapes in a compact or
spaced-apart array to form an enlarged cutting slug, generally

denoted by reference numeral 56. 1In the embodiment of Figure 8,
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pentagonal elements 54 are employed in an array wherein séme of
the elements 54 may contact each other while others remain in
spaced-apart relationship. Again, elements 54 are bound to each
other and in cutting slug 56 by amalgamation in a d&iamond

impregnated matrix material 16 formed by hot pressing or

infiltration.

Many other modifications or alterations may be made by
those having ordinary skill in the art without departing from the
spirit and scope of the iﬁvention. The illustrated embodiment
has only been shown by way of an example and should not be tzken

as limiting the invention which is defined in the following

claims.




. re

P

0156264

CLAIMS

We claim:

1. A diamond cutter for use in a drill bit comprising:
a plurality of therﬁally stable, prefabricated synthetic
polycrystalline diamond (PCD) elements; and
a cutting slug having a cutting face and comprised of
5 matrix material, said PCD elements disposed in said cutting slug
and retained therein by said matrix material,
whereby an enlarged diamond cutter may be provided for

mounting in said bit.

10 2. The cutter of Claim 1 wherein said matrix material
incorporating a dispersion of diamond grit at 1least in that
portion of said matrix material adjacent to said cutting face of

said cutting slug

15 3. The cutter of Claim 1 wherein said plurality of PCD
-elements are each comprised of a prefabricated triangular

prismatic diamond element.

4. The cutter of Claim 3 wherein said plurality of PCD
20 elements are disposed within said cutting slug in a compact array
wherein each PCD element is immediately proximate to at least one

adjacent PCD element.
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5. The cutter of Claim 4 wherein said plurality of PCD

elements are &arranged and configured to form a triangular

prismatic array.

6. The cutter of Claim 4 wherein said plurality of PCD

diamond elements are arrangéd and configured to formhqvhexagonal

prismatic array.

-

7. The cutter of Claim 6 wherein said hexagonal array

is comprised of six triangular prismatic elements forming a

subarray.

8. The cutter of Claim 7 wherein a plurality of

hexagonal subarrays are arranged and configured to form a larger

composite array.

9. The cutter of Claim 3 wherein szid plurzlity of PCD
elements are arranged and configured in a spaced-apsart
relationship, said matrix material being disposed between said

spaced-apart PCD elements.

10. The cutter of Claim 9 wherein said cutting slug is

formed in the shape of a semicircular disk.

1l. The-cutter of Claim 9 wherein said cutting slug is

formed in the shape of a full circular disk.
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12. fThe cutter of Claim 9 wherein said cutting slug is

formed in a rectangular shape.

13. The cutter of Clazim 1 wherein said plurality of PCD

5 elements are rectangular prismatic shape prefabricated synthetic
diamond elements arranged.and configured within said-cutting slug
in a compact array wherein each PCD element 1is immediately

proximate to at least one adjacent PCD. element.

10 14. The cutter of Claim 1 wherein each of szid PCD

elements is in the shape of a regular polyhedral.

15. The cutter of Claim 1 further comprising a matrix
body bit including cutting teeth and wherein said cutting slug

15 comprises a portion of a cutting tooth of said matrix body bit.

i6. The cutter of Claimi 1 further comprising &z bit
body, and & plurality of studs disposed in said bit body wherein
each said stud has one cutting slug affixed thereto, said cutting

20 face of said slug forming a cutting face of said stud.

17. A diamond cutter for use in a drill bit comprising:

a plurality of 1leached PCD triangular prismatic and
prefabricated elements; and

25 a cutting slug comprised of metallic matrix material &and

characterised by a cutting face, said plurality of PCD elements

being disposed in an array within said cutting slug, each one of
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said PCD elements having at least one surface fully expbésed on
said cutting face of said cutting slug, said matrix material
incorporating diamond grit at least in that portion of said
cutting slug adjacent to said cutting face,

5 whereby a cutting slug having a geometry similar to
unleached PCD product caﬁ be provided and characterised by the

physical properties of leached PCD product.

18. 7The cutter of Claim 17 wherein said diamond grit
10 impregnated in said matrix material is uniformly dispersed

throughout said volume of matrix material.

18. The cutter of Claim 18 wherein said plurality of
said PCD elements are disposed in said cutting slug in a compact
15 array wherein each PCD element is immediately proximate to at

least one adjacent PCD element.

-
*

20. The cutter of Claim 18 wherein said plurzlity of

PCD elements are disposed in said array in said cutting slvg in &
20 spaced-apart relationship wherein said matrix material is
disposed between each adjacent PCD element and no PCD element is

immediately proximate to any adjacent element.

21. The cutter of Claim 17 wherein said plurality of
25 PCD elements are arranged and configured in said cutting slug in

a plurality of distinguishable arrays.
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