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ROTARY CONE DRILL BIT
WITH TRUNCATED ROLLING CONE CUTTERS
AND DOME AREA CUTTER INSERTS

I IELD OF E T ION

This invention is related in general to the field of
drill bits. More particularly, the invention is related to
a rotary drill bit with truncated rolling cone cutters and
dome area cutter inserts.

BACKGROUND I 10N
In the field of exploration and production of oil and
gas, one type of drill bit or rock bit used for drilling

_earth boreholes is commonly known as a rotary cone drill

bit. The typical rotary cone drill bit employs a
multiplicity of rolling cone cutters rotatably mounted to
extend downwardly and inwardly with respect to the central
axis of the drill bit. The rolling cone cutters may have
milled teeth or cutter inserts disposed on each cutter in
predefined patterns. The predefined teeth or insert
pattern of each rolling cone cutter are typically different
from one another so that the teeth or inserts of the cone
cutters mesh as the cone cutters are rotated. Constructed
in this manner, the teeth or inserts located on the conical
sides of the cuttefs do not create grooves in the borehole.
Further, the meshing rotating teeth or inserts on the
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conical sides is capable of contacting and cutting the
entire bottom of the borehole.

Although the typical rotary cone drill bit has been
the tool of choice for drilling earthbore holes, several
undesirable phenomenon affects the efficiency and
performance of the bit. Note that the teeth or inserts
located at or near the conical tips of the rolling cone
cutters mesh and cut the center of the borehole. Because
of the rotary cone drill bit configuration, the rotation at
the conical tips of the rolling cone cutters travel the
least amount of distance. Indeed, certain teeth or inserts
may remain substantially stationary but for the rotational
movement . Because the amount of cutting is directly
related to the movement of the teeth or inserts, it is a
poor translation of rotation energy to the cutting
structures which generate little rock removal. Therefore,
the center of the well bore presents a special challenge to
the progress of the drilling.

One measure of the rotary cone drill bit’s performance
is its ability to maintain a consistent borehole diameter.
This ability to hold gage is important to enable drill
strings to be easily removed from and inserted into the
borehole. Gage holding is particularly important for
directional drilling applications. A further disadvantage
associated with typical rotary cone drill bits is the
tendency for the conical cutters to cut under-gage. As the
drill bit advances, the rock formation tends to pinéh or
force the rolling cone cutters and the support arms inward.
The result is a borehole that is under-gage.
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SUMMARY OF THE INVENTION

Accordingly, there is a need for a rotary cone drill
bit with improved penetration zrate into hard rock
formations. ' |

In accordance with the present invention, a rotary
cone drill bit with truncated conical cutter assemblies and
dome area inserts are provided which eliminate or
substantially reduce the disadvantages associated with
prior drill bits.

In one aspect of the invention, a rotary cone drill
bit with two-stage cutting action is provided. The drill
bit includes at 1least two truncated conical ' cutter
assemblies rotatably coupled to support arms, where each
cutter assembly is rotatable about a respective axis
directed downwardly and inwardly. The truncated conical
cutter assemblies are frusto-conical or conical frustums in
shape, with a back face connected to a flat truncated face
by conical sides. The truncated face may or may not be
parallel with the back face of the cutter assembly. A
pPlurality of primary cutting elements or inserts are
arranged in a predetermined pattern on the f£lat truncated
face of the truncated conical cutter assemblies. The teeth
of the cutter assemblies are not meshed or engaged with one
another and the plurélity of cutting elements of each
cutter assembly are spaced from cutting elements of other
cutter assemblies. The primary cutting elements cuts
around a conical core rock formation in the center of the
borehole, which acts to stabilize the cutter assemblies and
urges them outwa;d to cut a full-gage borehole.

In another aspect of the invention, a plurality of
secondary cutting elements or inserts are mounted in the
downward surfaces of a dome area of the bit body. The
secondary cutting elements cuts down the free-standing core
rock formation when the drill bit advances.
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In yet another aspect of the invention, the cutter
inserts mounted on the truncated face of the cutter
assemblies and/or the dome area may be mounted with a rake
angle to provide a more aggressive cutting action.

In yet another aspect of the invention, the cutter
inserts may be doughnut-shaped and mounted on protruding
nubs formed on the truncated face of the cutter assemblies
and/or the dome area surfaces.

In anther aspect of the invention, the doughnut-shaped
cutter inserts may be mounted to mating contours formed in
the surface, which mounts the inserts at a predetermined
rake angle with respect to the surface.

One technical advantage of the present invention is
the improved penetration rate of the rotary cone drill bit
into hard formations. The ultra-hard cutter inserts or
cutting elements mounted in the truncated face of the
cutters are adapted to shear and cut the rock formation
more efficiently. As the cutters rotate around the uncut
core in' the center of the borehole, the full 360° conical
surface of the core is cut. This action relieves the in-
situ stress of the formation, weakens the native rock, and
enhances the drill bit penetration rate.

By leaving an uncut core rock formation in the center
of the borehole, the truncated conical cutters are urged to
rotate around it. This results in better directional
stability of the cutters, especially when hard rock
formation is encountered.

Further, by forcing'the cutters to rotate around the
core, the tendency for the outer wall of the borehole to
pinch the support arms and cutters inward is reduced or
eliminated. The result is an improvement in the
performance of the drill bit and a full-gage borehole. The
uncut core in the center of the borehole is then cut down
by a secondary cutting structure or cutter inserts located
in the dome of the bit body.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention,
reference may be made to the accompanying drawings, in
which:

FIGURE 1 is an isometric drawing of a rotary cone
drill kit having truncated conical cutter assemblies and
dome area cutter inserts constructed according to the
teachings of the present invention;

FIGURE 2 is a side view of the a portion of the rotary
cone drill bit showing a truncated conical cutter assembly,
dome area cutter inserts, and a central core rock
formation;

FIGURE 3 is a view of the dome area of the rotary cone
drill bit showing dome area cutter inserts constructed
according to the teachings of the present invention;

FIGURE 4 is a side view of a truncated conical cutter
assembly constructed in accordance with the teachings of
the present invention;

FIGURE 5 is a side view of an angled truncated conical
cutter assembly constructed in accordance with the
teachings of the present invention;

FIGURES 6A and 6B are cross-sectional views of 2
cutter insert located on the truncated face of the cutter
assembly or in the dome area;

FIGURES 72 and 7B are cross-sectional views of a
doughnut-shaped cutter insert and mounting nub constructed
according to the teachings of the present invention; and

FIGURES 8A and 8B are cross-sectional views of a
doughnut-shaped cutter insert and a rake angle mounting nub
constructed according to the teachings of the present
invention.
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DETATLED DESCRIPTION OF T I N

The preferred embodiments of the present invention and
its advantages are best understood by referring to FIGURES
1-8 of the drawings, like numerals being used for like and
corresponding parts of the various drawings.

For purposes of illustration, the present invention is
shown embodied in a rotary cone drill bit 10 used in
drilling a borehole in the earth. Rotary cone drill bit 10
may also be referred to as a "rotary drill bit" or "rock
bit." Rotary cone drill bit 10 preferably includes a bit
body 12 with an upper threaded portion or pin 14 adapted
for attaching to the lower end of a drill string (not
shown). Threaded portion 14 and the corresponding threaded
connection of the drill string allow for the rotation of
drill bit 10 in response to the rotation of the drill
string at the well. surface {not shown). Bit body 12
includes a inner passage (not shown) that permits a cool
drilling mud or like material to pass downward from the
drill string. The drilling mud exits through nozzles 14
{two are shown), flows downward to the bottom of the
borehole and then passes upward in the annulus between the
wall of the borehocle and the drill string, carrying
drilling debris and rock chips therewith.

In the tri-cone rotary cone drill bit 10, three
substantially identical arms 18 (two are shown) depend from
bit body 12. Each arm 18 rotatably supports a truncated
conical cutter assembly 20. The truncated conical cutter
assembly 20 is generally frusto-conical in shape with the
conical tip truncated. BEach truncated conical cutter
assembly 20 rotates about a downwardly and inwardly-defined
axis of rotation. Truncated conical cutter assemblies 20
have truncated face 22 which define a central gap and are
spaced apart from one another. A plurality of cutter
inserts 24 are preferably mounted in a predetermined
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pattern on truncdted face 22 of each conical cutter
assembly 20. As shown, cutter inserts 24 are disposed on
face 22 in a circular pattern, but other patterns may also
be incorporated. Cutter inserts 24 of each cutter assembly
20 are spaced apart from cutter inserts 24 of other cutter
assemblies 20 and do not mesh or engage in any manner. A
resulting gap is defined between cutter inserts 24 of’
cutter assemblies 20. Preferably, cutter inserts 24 are
manufactured from ultra-hard and abrasion-resistant
materials such as polycrystalline diamond (PCD), thermally
stable polycrystalline diamond (TSP}, and cubic boron
nitride (CBN). Each truncated conical cutter assembly 20
further includes a plurality of cutting elements or teeth
26 arranged in rows and projecting outwardly from the
conical surface of cutter assembly 20.

The drilling or cutting action of drill bit 10 occurs
ag truncated conical cutter assemblies 20 are rotated about
the respective axes around the bottom of the borehcle.
FIGURE ‘2 is a partial cross-sectional side view of one
truncated conical. cutter assembly 20 depending from a

. spindle 28 mounted in a support arm 18 in the process of

drilling the borehole. Cutter assembly 20 further includes
a plurality of roller bearing assemblies 30 in rotational
bearing engagement with spindle 28. Cutter assembly 20 is
retained on spindle 28 by a plurality of ball bearings 32
inserted through a ball passage 34 in spindle 28. As
shown, spindle 28 has a large thrust bearing engagement
surface area 34 with the internal cavity of cutter assembly
20. This is an improvement over the conventional thrust
button configuration with the attendant advantage of betterx
bearing life. Further, as a result of the truncated cone
configuration, the spindle length may be shortened to
reduce the stress placed on the spindle and the bearings
during drilling.
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Because cutter assemblies 20 have truncated faces 22
and do not have teeth or cutter inserts that mesh with one
another, a core rock formation 40 may be formed in the
center of the borehole generally along a center
longitudinal axis of drill bit 10 as cutter assemblies 20
rotatably cut out the bottom of the borehole. The conical
core rock formation 40 is cut and reduced on all sides by
cutter inserts 24 located on truncated face 22 of cutter
assemblies 20 and rotating about cutter assembly axes 44.
Constructed in this manner, conical core rock formation 40
serves as a stabilizing structure with a 360° surface to
force cutter assemblies 20 to rotate thereabout. Conical
core rock formation 40 further serves as a bearing surface
which urges rotating cutter assemblies 20 outward to drill
a full-gage well bore in hard formations.

The resulting narrow cylindrical formation 42
extending above conical core base 40 may not have
sufficient structural integrity and may crumble and fall
without  further cutting. At times however, narrow core 42,
which may range between ¥ inch to one inch in diameter, may
remain standing. Note that the degree of incline of
cutter assembly axis 44 may determine the configuration and
thickness of core rock formation 42.

The narrow cylindrical core formation 42 left standing
unsupported in the center of the borehole is cut down by a
secondary cutting structure or cutting elements mounted in
a dome area 52 located on the underside of bit body 12.
The secondary cutting structure may be implemented by a
plurality of cutter inserts 50 arranged in a predefined
pattern in dome area 52. Dome area cutter inserts 50 are
preferably manufactured from ultra-hard and abrasion-
resistant polycrystalline diamond materials and the like to
achieve efficient shear cutting of core formation 42.
Therefore, as bit body 12 rotates about its center
longitudinal axis 32, dome area cutter inserts 50 rotatably
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shear off the top of narrow cylindrical core formation 42.
Because of the proximity to the cool drilling mud flowing
through bit body 12, heat generated in dome area cutter
inserts 52 is quickly, dissipated by transferring to bit
body 12 and the drilling wud.

FIGURE 3 is a bottom view of rotary cone drill bit 10
showing dome area cutter inserts 50 located in dome area 52
of bit body 12. Alsc shown are cutter inserts 24 mounted
on truncated face 22 of truncated conical cutter assemblies
20. It is apparent from this view that cutter assemblies
20 are spaced from one another with no teeth or cutting
structure meshed or interlaced. Cutter inserts 24 located
on the truncated face of cutter assemblies 20 can be said
to represent a primary cutting structure for working the
center of the borehole, and dome area cutter inserts 52
represent a secondary cutting structure for finally cutting
down the core rock formation formed by the primary cutting
structure.

Constructed in this manner, rotary cone drill bit 10
provides an improved penetration rate. Ultra-hard cutter
ingserts 24 or the primary cutting structure mounted in
truncated face 22 of cutter assemblies 20 are adapted to
shear and cut the center of the borehole more efficiently.
As cutter assemblies 20 rotate around uncut core 40 in the
center of the borehole, the f£full 360° conical surface
thereof is cut and worn down. This action relieves the in-
gitu stress of the formation and weakens the native rock.

By leaving uncut core rock formation 40 in the center
of the borehole, truncated conical cutter assemblies 20 are
urged to rotate around it. This results in better
directional stability of cutter assemblies 20, especially
when hard rock formation is. encountered. Further, by
forcing cutter assemblies 20 to rotate around conical core

40, the tendency for the outer wall of the borehole to

pinch support arms 18 and cutter assemblies 20 inward is
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reduced or eliminated. The result is an improvement in the
performance of the drill bit and a full-gage borehole.

Referring to FIGURE 4, a sidé view of truncated
conical cutter assembly 20 is shown. Truncated conical
cutter assembly 20 is a conical frustum having truncated
face 22 generally parallel a back face 60 which forms the
base of the cone. Cutter inserts 24 located on truncated
face 22 therefore lie on a line (not shown) generally
parallel to back face 60. '

Another embodiment of truncated conical cutter
assembly 20 presents truncated face cutter inserts 24 on an
inclined truncated face 62 with respect to back face 60 in
cutter assembly 64 shown in FIGURE 5. The angle of
incline, «, may range from zexro to 45°, inclusively, where
truncated face 62 at a zero-degree incline is parallel to
back face 60.

In a tri-cone rotary cone drill bit 10, the three
cutter assemblies 64 may have truncated faces with
different angles of incline. For example, two cutter
assemblies may have parallel truncated faces, and the third
may have an angled truncated face. Alternatively, one
cutter assembly may have a parallel truncated face, the
second may have a truncated face at a selected angle, and
the third may have a truncated face at a greater angle.
The angles and configuration of the cutter assemblies may
be determined based on application and experimentation.
Cutter inserts 24 placed on the inclined truncated face 62
may cut and shear rock more aggressively resulting in a
center core rock formation 40 with slightly different
configuration and/or size.

A further variation and alternate embodiment in the
truncated conical cutter assembly is to slightly offset or
skew the rotational axis 44 by a predetermined angle, &, so
that the rotation of the cutter assemblies is about the
offset axis 66, as shown in FIGURES 4 an 5. The offset
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rotational axis 66 may be achieved by mounting the
truncated conical cutter assemblies 20 on the spindles 28
at an angle to introduce the desired offset. The offset
cutter assemblies may cut more aggressively into core rock
formation 40 and/or the outer wall of the borehole. In a
drill bit, one or more of the cutter assemblies may be
offset to improve the penetration rate of the bit.

' FIGURES 6A and 6B show that cutter inserts 70 for
truncated face 22 or 62 and dome area 50 may be installed
either with its longitudinal axis 72 perpendicular to the
surface or with a rake angle, . The rake angle, 8, may be
defined as ranging  approximately  between 0-45°,
inclusively. Preferably, the rake angle may be
approximately 20-35° for the dome area cutter inserts, and
approximately 15-25° for the truncated face cutter inserts.
The rake angle permits a more aggressive bite and an
artificial thickening of the ultra-hard polycrystalline
diamond layer 74 of the inserts to improve the service life
thereof. The cutter insexrts 70 are preferably brazed,
sintered, or secured by other like methods into mating
holes formed or pre-fabricated in the surface of truncated
face or dome area.

Where material depth in the surface of the truncated
face 22 or 62 or dome area 50 is insufficient or not suited
for the cutter insert installation described above, an
alternative embodiment may be used. 2As shown in FIGURES 7A
and 7B, a doughnut-shaped cutter insert 80 with a center
hole 82 defined therein may be brazed or otherwise attached
to a protrusion or nub 84 formed on the surface. The shape
of nub 84 preferably conforms with the shape of center hole
82 to ensure a secure bond therebetween. This installation
configuration obviates the need for a certain thickness
required to form the mating holes, increases the surface
area available for bond formation, and is adapted in
particular to truncated face and dome area installations.
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To achieve a rake angle, £, as described above, a
mating contour 86 may be pre-fabricated in the surface of
the material, as shown in FIGURES 8A and 8B. In
particular, mating contour 86 may include a nub 88 and a
shallow indentation 90. When cutter insert 80 is bonded to
mating contour 86, a rake angle of the desired magnitude is
achieved.

Doughnut-~shaped cutter insert 80 wmay be recycling
utilization of scrap material discarded in the manufacture
of polycrystalline diamond compacts (PDCs). The PDCs are
stamped out of the material, leaving a center hole in a
circular piece of material. Accordingly, the use of
doughnut-shaped cutter inserts 80 is economical and does
not require special manufacturing.

A rotary cone drill bit, when constructed according to
the teachings of the present invention, achieves a better
penetration rate by improving the cutting action in the
center of the borehole where drilling is the slowest with
conventional drill bits. The primary cutting structure or
elements on the flat face of the truncated conical cutter
assemblies leaves a conical rock core uncut in the center
of the borehole, which provides the added advantage.of
stabilizing the rotating cutter assemblies and cutting a
full-gage hole. The core is finally cut down with a
secondary cutting structure located in the dome area of the
bit body.

Although the present invention and its advantages have
been described in detail, it should be understood that
various changes, substitutions and alterations can be made
therein without departing from the spirit and scope of the
invention as defined by the appended claims.
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WHAT IS CLAIMED IS:
1. A rotary cone drill bit having a rotatable bit
body and at least two support arms extending therefrom,

said support arms defining a dome area below said bit body,
comprising:

at least two truncated conical cutter assemblies
rotatably coupled to said support arms and each rotatable
about a respective axis directed downwardly and inwardly,
said truncated conical cutter assemblies being conical
frustums in shape having a back face comnnected to a flat
truncated face by conical sides, said back face and said
truncated face having a predetermined angled relationship;

a plurality of primary cutting elements arranged in a
predetermined pattern and coupled to said flat truncated
face of said truncated conical cutter assemblies, said
plurality of cutting elements of each cutter assembly being
in spaced relationship with respect to cutting elements of
other cutter assemblies; and

a plurality of secondary cutting elements mounted in
downward facing surfaces of said dome area of said bit body
and rotating therewith.

2. The rétary cone drill bit, as set forth in claim
1, wherein said plurality of primary cutting elements are
inserts manufactured from ultra-hard and abrasion-resistant
materials.

3. The rotary cone drill bit, as set forth in claim
2, wherein said inserts are mounted at a rake angle with
respect to said flat truncated face of said cutter.

4. The rotary cone drill bit, as set forth in claim
3, wherein said rake angle ranges between 0-45°
inclusively.
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5. The rotary cone drill bit, as set forth in claim
3, wherein eaid rake angle ranges between 15-25°
inclusively.

6. The rotary cone drill bit, as set forth in claim
1, wherein said plurality of secondary cutting elements are
inserts manufactured from ultra-hard and abrasion-resistant
materials.

7. The rotary cone drill bit, as set forth in claim
6, wherein said inserts are mounted at a rake angle with
respect to mounting surfaces of said dome area.

8. The rotary cone drill bit, as set forth in claim
6, wherein said rake angle ranges between 0-45°
inclusively.

9. The rotary cone drill bit, as set forth in claim
6, wherein said rake angle ranges between 20-35°
inclusively.

10. The rotary cone drill bit, as set forth in claim
1, wherein said plurality of primary and secondary cutting
elements are inserts manufactured from ultra-hard and
abrasion-resistant materials such as polycrystalline
diamond, thermally stable polycrystalline diamond, and
cubic boron nitride.

11. The rotary cone drill bit, as set forth in claim
1, wherein said plurality of primary cutting elements are
doughnut -shaped ultra-hard inserts mounted on nubs formed
in flat truncated face of said cutter assemblies.
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12. The rotary cone drill bit, as set forth in claim
1, wherein said plurality of secondary cutting elements are
doughnut-shaped ultra-hard inserts mounted on nubs formed
in dome area surfaces of said bit body.

13. The rotary cone drill bit, as set forth in claim
1, further comprising:

a plurality of mating contours formed on said flat
truncated face of said cutter assemblies, said mating
contours having a protruding nub extending at an angle from
said face; and

a plurality of doughnut-shaped inserts bonded to said
mating contours.

14. The rotary cone drill bit, as set forth in claim
1, further comprising:

a plurality of nmting contours formed on downward
facing surfaces of said dome area, said mating contours
having ‘a protruding nub extending at an angle from said
face; and

a plurality of doughnut-shaped inserts bonded to said
mating contours.

i
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15. An earth-boring drill bit cutter assembly,
comprising:

a frusto-conical body having a back face connected to
a substantially f£lat truncated face by conical sides;

a plurality of cutter elements arranged in rows and
disposed on said conical sides; and

a plurality of ultra-hard abrasion-resistant cutting
elements bonded to said substantially flat truncated face.

16. The cutter assembly, as set forth in claim 15,
wherein said ultra-hard abrasion-resistant cutting elements
include polycrystalline diamond cutter inserts.

17. The cutter assembly, as set forth in claim 15,
wherein said plurality of ultra-hard abrasion-resistant
cutting elements each has a longitudinal center axis, said
cutting elements being bonded to said flat truncated face
with said longitudinal center axis being perpendicular
thereto.

i8. The cutter assembly, as set forth in claim 15,
wherein said plurality of ultra-hard abrasion-resistant
cutting elements each has a longitudinal center axis, said
cutting elements being bonded to said flat truncated face
with said longitudinal center axis being non-perpendicular
thereto.

1%. The cutter assembly, as set forth in claim 15,
further comprising:

a plurality of nubs protruding from said substantially
flat truncated face; and

a plurality of doughnut-shaped inserts bonded to said
nubs. '

i
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20. The cutter assembly, as set forth in claim 15,
further comprising:
a plurality of mating contours in said substantially
flat truncated face, said mating contours including a nub
5 protruding therefrom at an angle; and
a plurality of doughnut-shaped inserts bonded to said

mating contours.
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21. A method for drilling a borehole with a rotary
cone drill bit having a bit body and a number of support
arms extending downwardly therefrom defining a dome area
under the bit body, comprising the steps of:

rotating the same number of truncated conical cutter
assemblies as that of support arms depending therefrom
about a rotational axis of said bit body, said cutter
assemblies being in spaced relationship with one another;

rotating each of said truncated conical cutter
assemblies about respective center axes, said truncated
conical cutter assemblies each having a back face connected
to a flat truncated face by conical sides, said cutter
assemblies having a plurality of cutting structures
arranged in rows on said conical sides, and a plurality of
primary cutting elements mounted on said £flat truncated
faces of said truncated conical cutter assemblies; and

forming a free-standing conical core in the center of
the borehole as said truncated conical cutter assemblies
rotate around the bottom of the borehole and cutting around
said free-gstanding conical core while the drill bit
advances downward.

22. The wmethod, as set forth in claim 21, further
comprising the step of cutting a top portion of said free-
standing conical core with a plurality of seéondary cutting
elements mounted in said dome area rotatable with said bit
‘body while the drill bit advances downward.

23. The method, as set forth in claim 21, further
comprising the step of stabilizing said truncated conical
cutter assemblies with conical sides of said free-standing
conical core as said cutter assemblies rotate and contacts
the conical sides thereof.

LT
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24. The method, as set forth in claim 21, further
comprising the step of urging said truncated conical cutter
assemblies outward with conical sides of said free-standing
conical core as said cutter assemblies rotate and contacts
the conical sides thereof.

25. The method, as set forth in claim 21, wherein the
step of rotating said cutter assemblies includes the step
of rotating said cutter assemblies along respective
rotational axes coincident with center axes thereof.

26. The method, as set forth in claim 21, wherein the
gtep of rotating said cutter assemblies includes the step
of rotating said cutter assemblies along respective
rotational axes at an angular relation with center axes
thereof.
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27. A method for manufacturing a rotary cone drill
bit having a bit body and a predetermined number of support
arms depending therefrom forming a dome area under said bit
body, comprising the steps of:

forming the same predetermined number of truncated
conical cutter assemblies, each cutter assemblies being
frusto-conical in shape having a back face connected to a
substantially flat truncated face by conical sides, said
cutter assemblies being adapted to rotate about respective
rotational axes thereof in spaced relation with one
another; _

bonding a plurality of cutter inserts to said flat

truncated face of said cutter assemblies; and

bonding a plurality of cutter inserts to downward
facing surfaces of said dome area.

28. The method, as set forth in claim 27, wherein
said cutter insert honding to said flat truncated face step
further comprises the steps of:

forming a plurality of protruding nubs on said flat
truncated face of said cutter assemblies; and

bonding a plurality of doughnut-shaped cutter inserts
to said nubs and surrounding surface areas.

29. The method, as set forth in claim 27, wherein
said. cutter insert bonding to said flat truncated face step
further comprises the steps of:

forming a plurality of mating contours on said flat
truncated face of said cutter assemblies, said mating
contours each having a protruding nub extending above said
£flat truncated face at an angle; and

bonding a plurality of doughnut-shaped cutter inserts
to said mating contours.
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30. The method, as set forth in claim 29, wherein
said mating contour forming step comprises the step of
extending said nub at said angle ranging between 0-45°
inclusively.

31. The method, as set forth in claim 29, wherein
said mating contour formiﬁg step comprises the step of
extending said nub at said angle ranging between 15-25°
inclusively.

32. The method, as set forth in claim 27, wherein
said cutter insert bonding to said dome area step further
comprises the steps of:

forming a plurality of protruding nubs on said
downward facing surfaces of said dome area; and

bonding a plufality of doughnut-shaped cutter inserts
to said nubs and surrounding surface areas.

33, The method, as set forth in claim 27, wherein
said cutter insert bonding to said flat truncated face step
further comprises the steps of:

forming a plurality of mating contours on said flat
truncated face of said cutter assemblies, said mating
contours each having a protruding nub extending above said

" flat truncated face at an angle; and

bonding a plurality of doughnut-shaped cutter inserts
to said mating contours.

34. The method, as set forth in claim 33, wherein
said mating contour forming step comprises the step of
extending said nub at said angle ranging between 0-45°
inclusively. '

—_—
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35. The method, as set forth in claim 33, wherein
said mating contour forming step comprises the step of
extending said nub at said angle ranging between 15-25°
inclusively. ’
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