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(54) Cutter and method of manufacture thereof

(57) A polycrystalline diamond cutter and method of
manufacturing a polycrystalline diamond cutter is dis-
closed. The method of manufacture comprising assem-
bling a first substrate component (30), a second sub-
strate component (32) and diamond crystals (34) into a

desired configuration. The assembly is subjected to high
temperature and high pressure conditions to cause the
diamond crystals to bond to one another and to the first
and second substrate components. The method forms
a cutter having a single body of polycrystalline diamond
bonded to the substrate components.
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Description

[0001] This invention relates to a cutter, and to a meth-
od of manufacture thereof. The invention relates, in par-
ticular, to a cutter suitable for use on a drill bit for the
formation of subterranean well bores. It will be appreci-
ated that the cutter may alternatively be used in other
applications.
[0002] One form of drill bit for use in the formation of
subterranean wellbores comprises a bit body having a
first end provided with a plurality of generally radially ex-
tending upstanding blades and a second end adapted
to be secured to a drill string. Each of the blades carries
a plurality of cutters. The cutters typically each comprise
a tungsten carbide or other metallic substrate to which
is bonded a layer of a superhard material, for example
polycrystalline diamond. The substrate may be bonded
directly to the bit body, or alternately may be bonded to
a relatively long substrate which, in turn, is secured to
the bit body.
[0003] In another form of drill bit, cutters are mounted
upon rotatable cones mounted upon a bit body. Each
cutter is typically manufactured by placing a sintered
tungsten carbide substrate and diamond crystals into a
container with a suitable binder catalyst material, and
subjecting the container to high pressure, high temper-
ature conditions such that the diamond crystals bond to
one another and to the substrate.
[0004] A number of different designs of cutter are
known, the different designs arising from, for example,
the use of substrates of different shapes. In one exam-
ple, the substrate includes an upstanding peripheral wall
extending around most, but not all of the circumference
of the substrate. A cutter manufactured using a sub-
strate of this shape includes a polycrystalline diamond
table which only extends to the periphery of the cutter
at the region where the peripheral wall is absent as
shown in Figures 1 and 2. It has been found that in cut-
ters of this type there is a tendency for the polycrystalline
diamond table to crack. This is thought to be as a result
of hoop stresses.
[0005] A number of cutter designs provide the cutter
with two or more cutting surfaces. This is achieved, in
some designs, by providing two separate substrates, a
first diamond layer located between the substrates and
a second, isolated diamond layer located upon the sec-
ond substrate. This type of cutter is shown in US Patent
No. 5,722,499 and US Patent No. 5,667,028, both in-
corporated by reference herein for all they disclose. An-
other design includes separate diamond layers formed
by providing grooves in the outer periphery of the sub-
strate and introducing diamond crystals into the grooves
prior to undertaking the high temperature high pressure
process. Cutters of this type are illustrated in US Patent
No. 5,979,578 and US Patent No. 5,667,028, both in-
corporated by reference herein for all they disclose. It
will be appreciated that, in these arrangements, two or
more independent, isolated regions of polycrystalline

diamond are formed.
[0006] The present invention provides a cutter with a
reduced tendency for the polycrystalline diamond table
to crack, and a method for manufacture of such a cutter.
[0007] According to the present invention there is pro-
vided a method of manufacturing a cutter comprising as-
sembling a first substrate component, a second sub-
strate component and diamond crystals into a desired
configuration, and subjecting the assembly to high tem-
perature and high pressure conditions to cause the dia-
mond crystals to bond to one another and to the first and
second substrate components to form a cutter having a
single body of polycrystalline diamond.
[0008] The first and second substrate components
may be arranged to engage one another, or alternatively
may be separated from one another by at least some of
the diamond crystals prior to subjecting the assembly to
high temperature, high pressure conditions.
[0009] The first and second substrate components
are preferably of sintered tungsten carbide form. How-
ever, this need not be the case and other materials could
be used. For example the second substrate component
could be of a STELLITE (R) material. A binder catalyst
material, for example cobalt, may be included in the as-
sembly. Although cobalt is the preferred binder catalyst
material, other iron group elements may be used, if de-
sired. The binder catalyst material may be included in
either of the first and second substrate components, or
mixed with the diamond powder, or provided in any com-
bination of these locations.
[0010] Also disclosed is a cutter with a single diamond
table bonded to first substrate component of circular
cross-section and to a second substrate component of
annular or part-annular form. At least one further sub-
strate component, for example of annular or part annular
form, may additionally be provided.
[0011] According to another aspect of the invention
there is provided a method of forming an assembly by
locating a powdered substrate component material, dia-
mond crystals and a first substrate component within a
container in a desired configuration, and subjecting the
assembly to high temperature and high pressure condi-
tions to cause the powdered substrate component ma-
terial to form a second substrate component, and the
diamond crystals to bond to one another and to the first
and second substrate components to form a cutter hav-
ing a single body of polycrystalline diamond.
[0012] The powdered substrate component material
is preferably powdered tungsten carbide. As mentioned
hereinbefore, a binder catalyst material may be provid-
ed, for example mixed with the powdered substrate
component material.
[0013] The configuration of the powdered substrate
component material within the assembly may be such
as to result in the formation of at least one additional
substrate component. The second and/or additional
substrate components may be of annular or part-annu-
lar form.
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[0014] The invention also relates to a cutter manufac-
tured using either of the methods described hereinbe-
fore.
[0015] The invention will further be described, by way
of example only, with reference to the accompanying
drawings.
[0016] Figure 1 is a diagrammatic sectional view of a
prior art cutter.
[0017] Figure 2 is an end view of the prior art cutter
of Figure 1.
[0018] Figure 3 is a perspective view of a drill bit.
[0019] Figure 4 is a perspective view of an alternative
drill bit.
[0020] Figures 5 and 6 are views similar to Figures 1
and 2 showing a cutter in accordance with an embodi-
ment of the invention.
[0021] Figure 7 is a diagrammatic view illustrating part
of the manufacturing operation.
[0022] Figures 8 to 25 are cross-sectional and side
views of other embodiments.
[0023] Figure 26 is a view similar to Figure 7 illustrat-
ing an alternative manufacturing technique.
[0024] Referring now to Figure 3 there is shown a drill
bit for use in the formation of subterranean wellbores.
The drill bit comprises a bit body 10 having a first end
12 upon which a plurality of blades 14 are provided, the
blades 14 upstanding from the first end 12 and extend-
ing in generally radial directions. The bit body 10 further
includes a second end 16 adapted to permit the drill bit
to be secured to the remainder of a drill string whereby
the drill bit can be driven for rotation about its longitudi-
nal axis 18. Each of the blades 14 is provided with a
plurality of cutters 20, each of the cutters 20 being ar-
ranged to engage the formation being drilled using the
drill bit, in use, such that the combination of rotation of
the drill bit and the application of a load, in a generally
axial direction, upon the drill bit causes the cutters to
scrape the material from the formation. The drill bit fur-
ther includes a plurality of nozzles 22 supplied with fluid
and arranged such that, in use, fluid supplied through
the nozzles 22 serves to clean the cutters and to carry
the material removed by the cutters away from the drill
bit.
[0025] As is common practice with drill bits of this
type, the drill bit includes a gauge region 24. In the ar-
rangement shown, the gauge region 24 is provided with
a plurality of inserts 26 intended to enhance the ability
of the drill bit to withstand wear of the gauge region.
[0026] Figure 4 illustrates an alternative type of drill
bit. In the drill bit of Figure 4, the bit body 110 has an
upper portion 116 which form legs 124 shaped to define
mounting regions which in turn carry rotatable rollers
128 of generally conical form. Each of the rollers 128 is
provided with a plurality of cutters 120. As with the drill
bit illustrated in Figure 3, in use, the drill bit of Figure 4
is rotated about its axis 118. With the drill bit of Figure
4, such rotation causes the rollers 128 to rotate about
their own axes, this movement causing the cutters 120

to engage and scrape against the formation being drilled
to remove material therefrom which, as in the arrange-
ment illustrated in Figure 3, is removed by the applica-
tion of drilling fluid. Similar to the drill bit of figure 3,
gauge inserts 126 are also provided.
[0027] Cutters 20, 120 may have various shapes and
sizes as shown. However, for ease of understanding,
the references and explanations for cutters 20 in this
specification apply equally to cutters 120, as both types
may be useful in both types of drill bits shown. The cut-
ters 20, 120 may also be useful in numerous other type
of down hole tools and other devices employing highly
wear resistant cutting elements.
[0028] Figures 5 and 6 illustrate one of the cutters of
the drill bits shown in Figures 3 and 4. The cutter 20
shown in Figure 5 comprises a first tungsten carbide
substrate component 30 of generally cylindrical form, a
second substrate component 32, also of tungsten car-
bide, and of part-annular form as shown in Figure 6, and
a polycrystalline diamond table 34. The cutter 20 is man-
ufactured by placing the second substrate component
32 into part of a suitable container 36, positioning pow-
dered diamond crystals 34a in the region in which the
table 34 of polycrystalline diamond is to be formed, and
positioning the first substrate component 30 onto the
second component 32 and diamond crystals 34a. The
container 36 is then closed and sealed, as shown in Fig-
ure 7, the assembly then being subjected to high tem-
perature, high pressure conditions to cause the dia-
mond crystals 34a to bond to one another and to the first
and second substrate components 30, 32. It will be ap-
preciated that the formation of such bonds results in the
production of the polycrystalline diamond table 34. In or-
der for the table 34 of polycrystalline diamond to form,
the assembly shown in Figure 7 may further include a
quantity of a suitable binder catalyst material. Typically,
the binder catalyst material takes the form of cobalt.
However, a number of other materials could be used. In
particular, any iron group element may be used as the
binder catalyst material. The binder catalyst material
may be introduced into the assembly by mixing the bind-
er catalyst material with the diamond crystals 34a, or by
incorporating the binder catalyst material into one or oth-
er, or both of the first and second substrate components
30, 32, or by including the binder catalyst material in the
material of the container 36, or by a combination of these
techniques. Where the binder catalyst material is includ-
ed in the substrate components, it will be appreciated
that it infiltrates into the diamond material during the high
pressure high temperature operation.
[0029] After completion of the high temperature, high
pressure sintering operation, the container 36 is re-
moved and the cutter subjected to a suitable machining
operation, if desired.
[0030] It will be appreciated that the cutter 20 manu-
factured using this technique and as shown in Figures
5 and 6 is similar in appearance to the known cutter
shown in Figures 1 and 2. However, the use ofthe two-
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part substrate results in the application of significantly
lower magnitude hoop stressing to the polycrystalline
diamond table, the separate second substrate compo-
nent 32 being more compliant than arrangements in
which a single substrate is used, and as a result the risk
of cracking of the polycrystalline diamond table is sig-
nificantly reduced.
[0031] Although the technique described hereinbe-
fore with reference to Figures 5, 6 and 7 can be used to
produce a cutter 20 which is similar to that of Figures 1
and 2, the same technique may be used to manufacture
a wide range of other cutter designs. A number of pos-
sible cutter designs are shown in Figures 8 to 19. In the
arrangement illustrated in Figures 8 and 9, the first and
second substrate components 30, 32 are spaced apart
from one another by a part of the polycrystalline dia-
mond table 34. It will be appreciated that a cutter of this
type may be produced simply by positioning the second
substrate component 32 within one part of the container
36, introducing the diamond crystals 34a into the con-
tainer 36, the diamond crystals 34a extending over the
second substrate component 32, and then introducing
the first substrate component 30 so that diamond crys-
tals 34a are located between the substrate components
30, 32. The application of high pressure, high tempera-
ture conditions to such an assembly will result in the pro-
duction of a cutter 20 of the type shown in Figures 8 and
9.
[0032] Figures 10 and 11 illustrate a cutter 20 which
is similar to that of Figures 8 and 9 but in which an ad-
ditional, third substrate component 38 is located be-
tween the first and second substrate components 30,
32. In this arrangement, the polycrystalline diamond ta-
ble 34 extends between the first and third substrate
components 30, 38 and between the third and second
substrate components 38, 32. The manufacturing proc-
ess used in the formation of a cutter 20 of this type sim-
ply requires the introduction of the second substrate
component 32 into the container 36, the application of
diamond material into the container 36 covering the sec-
ond substrate component 32, the introduction of the
third substrate component 38 into the container 36, the
application of more diamond material to cover the third
substrate component 38, and finally the introduction of
the first substrate component 30.
[0033] The arrangement shown in Figures 12 and 13
is similar to that of Figures 10 and 11 but includes a
fourth substrate component 42. A further distinction be-
tween the arrangement of Figures 12 and 13 and that
of Figures 10 and 11 is that no diamond material is pro-
vided between the various substrate components. It will
be noted from Figures 11 and 13 that in each of these
arrangements, the angular extent of the various part-an-
nular substrate components are not equal resulting in
the formation of steps in the polycrystalline diamond ta-
ble 34. This need not be the case. The arrangement of
Figures 10 and 11 further differs from that of Figures 12
and 13 in that, as shown in Figure 12, the various part-

annular substrate components are of non-equal radial
extent whereas in the arrangement shown in Figure 10,
the second and third substrate components 32, 38 are
of equal radial extent.
[0034] Turning to the arrangement shown in Figures
14 and 15, the second and fourth substrate compo-
nents, 32, 42 are of equal radial extent and equal angu-
lar extent, the third substrate component 38 being of
smaller radial and angular extent with the result that the
polycrystalline diamond table 34 includes a radially ex-
tending projection 34b around part of its periphery.
[0035] The arrangement shown in Figures 16 and 17
is similar to that of Figure 8, but differs therefrom in that
the second substrate component 32 is not located at the
surface of the cutter, but rather is buried within the poly-
crystalline diamond table 34.
[0036] In each of the arrangements described herein-
before, the first substrate component 30 is of generally
cylindrical form having a flat surface to which the other
substrate components and/or the polycrystalline dia-
mond table 34 is bonded. This need not be the case,
and Figures 18 and 19 illustrate an arrangement in
which the surface of the first substrate component 30 is
grooved. As a result, an arrangement is possible in
which in some areas of the cutter 20, the second sub-
strate component 32 rests directly upon the first sub-
strate component 30, and in other regions thereof the
second substrate component 32 is spaced from the first
substrate component 30. In the regions where the sec-
ond substrate component 32 is spaced from the first
substrate component 30, as shown in Figure 19, then
the polycrystalline diamond table 34 extends between
the first and second substrate components, 30, 32.
[0037] In each of the arrangements described herein-
before, it is important to note that the polycrystalline dia-
mond table 34 is in the form of a single element, rather
than taking the form of two or more separate compo-
nents spaced apart and isolated from one another by a
component of the substrate.
[0038] Although the cutters 20 described hereinbe-
fore are suitable for use with drill bits of the type illus-
trated in Figure 3, it will be appreciated that by appro-
priate selection of the shape of the cutter, similar cutters
may find application in drill bits of the type illustrated in
Figure 4. A cutter 20 more applicable for use in a drill
bit of the type illustrated in Figure 4 is shown in Figure
20.
[0039] The cutter 20 shown in Figure 20 comprises a
first tungsten carbide substrate component 30 of gener-
ally cylindrical form but having a domed upper surface
50, in the orientation illustrated. A second substrate
component 32 of annular form is positioned upon the
first substrate component 30, the space within the sec-
ond substrate component 32 containing a polycrystal-
line diamond table 34. The shapes of the second sub-
strate component 32 and polycrystalline diamond table
34 are such as to define a domed surface 52. It will be
appreciated that this type of cutter can be manufactured
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using a technique very similar to those described above.
[0040] It will be appreciated that a number of modifi-
cations can be made to the cutter of Figure 20, for ex-
ample to change its shape so that the surface 52 is of,
for example, generally conical form. Other variations in-
clude spacing the second substrate component 32 from
the first substrate component 30, as shown in Figure 21,
or including additional substrate components, as shown
in Figure 22. The second and/or additional substrate
components may be of annular or part-annular form.
Where they are of curved, part-annular, form then de-
pending upon their circumferential extent, two or more
components may be provided at the same axial position
as shown in Figure 23.
[0041] With cutters of the type used on drill bits of the
type shown in Figure 4, it is common to provide one or
more transition layers comprising a mixture of diamond
and tungsten carbide between the tungsten carbide
substrate and the polycrystalline diamond table. Such
transition layers 54 may also be incorporated into the
cutters shown in Figures 20 to 23. The second substrate
component may be positioned upon the transition layer
54 or layers, for example as shown in Figure 24, or the
transition layer 54 or layers may be at least partially en-
circled by the second substrate component, for example
as shown in Figure 25.
[0042] In each of the arrangements described herein-
before, the second and additional substrate compo-
nents are of pre-sintered tungsten carbide form. It will
be understood the other materials may be used, if de-
sired. Where pre-sintered tungsten carbide substrate
components are used, during the high pressure high
temperature sintering operation the diamond will typi-
cally be compressed to a greater extent than the pre-
sintered substrate components. This may result in, for
example, a significant machining operation being re-
quired to produce a cutter having a flat or smooth face.
It is thought that this effect may be reduced by modifying
the manufacturing technique so that, instead of locating
a pre-sintered second substrate component 32 with the
container 36, and where appropriate instead of using
pre-sintered third and fourth substrate components 38,
42, etc., a quantity of powdered tungsten carbide 56 is
positioned in the container 36, as shown in Figure 26,
in the areas in which the second substrate component
32, and where applicable the third and fourth substrate
components 38, 42, etc., are required.
[0043] Once assembled, the application of the as-
sembly to the high temperature, high pressure condi-
tions will cause the second substrate component 32,
and the third and fourth components 38, 42, etc., where
applicable, to form as well as resulting in the formation
of the polycrystalline diamond table and the bonding of
the table to the first substrate component 30 and to the
newly formed substrate components 32, 38, 42. As in
the arrangements described hereinbefore, a binder cat-
alyst material, typically cobalt, may be provided. The
binder catalyst material may be mixed with the diamond

powder, the tungsten carbide powder, the pre-sintered
first substrate component 30, or in any combination of
these locations.
[0044] During the manufacturing operation, the tung-
sten carbide forming the second substrate component
32 and, where appropriate, the additional substrate
components, compresses at a rate similar to the pow-
dered diamond with the result that a short, less complex
machining operation may be required to produce a cut-
ter with a generally flat or smooth surface.
[0045] It will be appreciated that this technique may
be used in the manufacture of any of the cutters 20 de-
scribed hereinbefore, or modifications thereto.
[0046] Whereas the present invention has been de-
scribed in particular relation to the drawings attached
hereto, it should be understood that other and further
modifications apart from those shown or suggested
herein, may be made within the scope and spirit of the
present invention.

Claims

1. A method of manufacturing a cutter comprising as-
sembling a first substrate component, a second
substrate component and diamond crystals into a
desired configuration, and subjecting the assembly
to high temperature and high pressure conditions
to cause the diamond crystals to bond to one an-
other and to the first and second substrate compo-
nents to form a cutter having a single body of poly-
crystalline diamond.

2. A method according to Claim 1, wherein the first and
second substrate components engage one another.

3. A method according to Claim 1, wherein the first and
second substrate components are spaced apart
from one another, some of the diamond crystals be-
ing located between the first and second substrate
components.

4. A method according to Claim 1, further comprising
assembling at least a third substrate component
with the first and second substrate components and
diamond crystals.

5. A method according to Claim 1, further comprising
locating the first and second substrate components
and diamond crystals within a container prior to sub-
jecting the assembly to high pressure, high temper-
ature conditions.

6. A method according to Claim 1, further comprising
including a binder catalyst material in the assembly.

7. A method according to Claim 6, wherein the binder
catalyst material is an iron group element.
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8. A method according to Claim 7, wherein the binder
catalyst material is cobalt.

9. A method according to Claim 1, wherein the first
substrate component is generally cylindrical and
the second substrate component is of part-annular
form.

10. A method according to Claim 1, wherein the first
substrate component is of grooved form.

11. A cutter comprising first and second substrate com-
ponents and a single table of polycrystalline dia-
mond which is bonded to the first and second sub-
strate components.

12. A cutter according to Claim 11, further comprising
at least one additional substrate component, the
polycrystalline diamond table being bonded to the
or each additional substrate component.

13. A cutter according to Claim 11, wherein the first sub-
strate component is of generally cylindrical form
and the second substrate component is of part-an-
nular form.

14. A cutter according to Claim 11, wherein the first and
second substrate components engage one another.

15. A cutter according to Claim 11, wherein the first and
second substrate components are spaced apart
from one another.

16. A cutter according to Claim 15, wherein the poly-
crystalline diamond table extends between the first
and second substrate components.

17. A cutter according to Claim 11, wherein the first sub-
strate component is grooved.

18. A method of manufacturing a cutter comprising
forming an assembly by locating a powdered sub-
strate component material, diamond crystals and a
first substrate component within a container in a de-
sired configuration, and subjecting the assembly to
high temperature and high pressure conditions to
cause the powdered substrate component material
to form a second substrate component and the dia-
mond crystals to bond to one another and to the first
and second substrate components to form a cutter
having a single body of polycrystalline diamond.

19. A method according to Claim 18, further comprising
including a binder catalyst material in the assembly.

20. A method according to Claim 19, wherein the binder
catalyst material is an iron group element.

21. A method according to Claim 20, wherein the binder
catalyst material is cobalt.

22. A method according to Claim 18, wherein the pow-
dered substrate component material is located to
form an additional, third substrate component.
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