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ROLLER CONE GAGE SURFACE CUTTING ELEMENTS WITH
MULTIPLE ULTRA HARD CUTTING SURFACES

TECHNICAL FIELD OF THE INVENTION

This invention is related in general to the field of
down hole drill bits. More particularly, the invention is
related to cutting elements- with muitiple ultra hard
cutting surfaces for the gage surface of a roller cone

~drill bit.

Square bevel

BACKGRQUND OF THE INVENTION

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 roller cone drill
bit. The typical roller 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.-'

It has been recognized that it is important in the
drilling operation for the drill bit to maintain a
consistent borehole diameter. As the drill bit cuts into
a rock formation to form a borehole, one portion of each
cone cuttexr, typically called the gage surface, contacts
the sidewall of the borehole. Some roller cone drill bits
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have been provided wear-resistant and/or ultra hard cutter
inserts in the gage surface to cut the sidewall and
maintain the diameter of the borehole. The wear-resistant
inserts are dgenerally susceptible to heat cracking and
spalling during use, and ultra hard cutter inserts are
generally prone to frictional heat and chipping damage due
to the intense friction between the rock formation and
insert. It has also been recognized that flat-tipped
inserts may be more prone to damage associated with

friction heat, and chisel-tipped inserts may be more prone
to breakage.

SUMMARY OF THE INVENTION

Accordingly, there is a need for a gage surface
cutting element that producéé a reduced amount of
frictional heat, is less prone to chipping damage, while
maintaining an effective cutting surface.

In accordance with the present invention, a cutting
element for the gage sﬁrface of a cone cutter is provided
which eliminates or substantially reduces the disadvantages
associated with prior cutter inserts.

In one aspect of the invention, a gage surface cutting
element for a cutter in a roller cone drill bit has a
generally cylindrical body formed of a hard and wear-
resistant material. The cutting end of the cutting element
has a generally conical cutting surface substantially
perpendicular to a longiﬁudinal axis of the cylindrical
body. The cutting end may additionally include a sloped
surface connecting the conical cutting surface and the
cylindrical body. The conical cutting surface has an
obtuse angle o that may vary between 160° and 180°. A
plurality of shallow grooves is formed in the comical
cutting surface, and a plurality of strips of an ultra hard
material is disposed in the grooves. The number of grooves
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and inserts or inlays may range anywhere from one or more,
depending on the diameter of the cutting element and the
rock formation to be drilled. The result is a conical
cutting surface with alternating hard and ultra hard
cutting surfaces that can be oriented at 0°, 90°, or any
angle in between with respect to the rotational direction
of the cutter cone.

'In another aspect of the invention, the shallow
grooves may be radiused in the conical cutting surface,
squared-off in the conical cutting surface, dovetailed in
the conical cutting surface, or open-ended toward the
conical cutting surface.

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 view of a roller cone drill
bit having cutting elements constructed according to the
present invention installed in the gage surface of the
conical cutters;

FIGURE 2 is a top view of a conical cutting surface of
a cutting element constructed according to the present
invention; .

FIGURE 3 is a side view of the cutting element;

FIGURE 4 is another side view of the cutting element;

FIGURE 5 is a top view of another embodiment of a
conical cutting surface of a cutting element constructed
according to the present invention;

FIGURE 6 is a side view of the cutting element shown
in FIGURE 5; |

FIGURE 7 is another side view of the cutting element;
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FIGURE 8 is a top view of another embodiment of a
conical cutting surface of a cutting element constructed
according to the present invention;

FIGURE 9 is a side view of the cutting element shown
in FIGURE 8; | |

FIGURE 10 is a top view of another embodiment of a
conical cutting surface of a cutting element constructed
according to the present invention;

FIGURE 11 is a side view of the cutting element shown
in FIGURE 10;

FIGURE 12 is a top view of another embodiment of a
conical cutting surface of a cutting element constructed
according to the present invention;

FIGURE 13 is a side view of the cutting element shown

in FIGURE 12;

FIGURE 14 is a cross-sectional view of the cutting
element shown in FIGURE 2;

FIGURE 15 is a side view of an embodiment of a groove
configuration according to the present invention;

FIGURE 16 is a side view of another embodiment of a
groove configuration according to the present invention;

FIGURE 17 is a side view of another embodiment of a
groove cbnfiguration according to the present invention;

FIGURE 18 is a side view of another embodiment of a
groove configuration according to the present invention;

.and

FIGURES 192 and 19B are views of the gage surface of
the conical cutter to demonstrate the orientation of the
cutting element with respect to the direction of rotation.

DETAILED DESCRIPTION OF THE INVENTION
The preferred embodiments of the present invention are
illustrated in FIGURES 1-19, like reference numerals being
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used to refer to like and corresponding parts of the
various drawings.

For purposes of illustration, the present invention is
shown embodied in a roller cone drill bit 10 used in
drilling a borehole in the earth, as shown in FIGURE 1.
Roller cone drill bit 10 may also be referred to as a
"rotary drill bit" or "rock bit." Roller 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. Bit body
12 includes an iqner'passage (not shown) that permits cool
drilling mud or like material to pass downward from the
drill string. The drilling mud exits through nozzles 16
(two are shown), flows downward to the bottom of the
borehole and then passes upward in the annulus between the
wall of the borehole and the drill string, carrying
drilling debris and rock chips therewith. '

' In the tri-cone roller cone drill bit 10, three
substantially identical arms 18 (two are shown) depend from
bit body 12. Each arm 18 rotatably supports a conical
cutter assembly 20, and each conical cutter assembly 20 has
a plurality of cutter inserts or milled teeth arranged in
a predetermined manner thereon. The present invention is
directed to cutter inserts or cutting elements 22 disposed
in a gage surface 24 located on cutter assembly 20. Cutter
inserts 22 make up a surf row of the cutter assembly 20 and
is defined as the portion of the cutter assembly 20 which
contacts the outermost periphery or sidewall of the
borehole (not shown) as drill bit 10 is rotatably cutting

. the borehole. The surf row is also commonly called a gage



10

15

20

28

30

WO 97/35091 _ PCT/US97/03812

row in the industry and will be referred to as such
hereinafter. ' '

Referring to FIGURES 2-4, a cutter insert 30
constructed according to the teachings of the present
invention'is_shown.ﬂ Cutter insert 30 includes a generally
cylindrical body 32 or substrate constructed from a hard
and wear-resistant material such as cemented tungsten
carbide. Cutter insert body 32 has a cutting end 34 and a
base 36 which is press fit into sockets formed in gage
surface 24 of conical cutter assembly 20. Cutting end 34
defines a generally cohical cutting surface 38, which
extends slightly above the gage surface 24 to contact the
borehole. Conical cutting surface 38 has an obtuse angle
a that may vary between 160° and 180°.

Formed in conical cutting surface 38 of cutting
element 30 is a plurality of shallow grooves 40-42
extending generally parallel with one another. Inlaid into
these grooves 40-42 are elongated strips or inserts 44-46
made from an ultra hard and abrasion-resistant material,
such as diamond, polycrystalline diamond, thermally stable
polycrystalline diamond (TSP), cubic boron nitride or other
non-diamond material that is ultra hard and abrasion-
resistant. Elongated inserts 44-46 are manufactured and
shaped to conform to grooves 40-42 to ensure a secure fit.
Elongated ultra hard inserts 44-46 may be secured in
grooves 40-42 by sintering, brazing, interference fit, or
other like methods. Constructed in this manner, conical
cutting surface 38 is defined by both hard and ultra hard
materials. Cutting end 34 way additionally include a
sloped surface 48 connecting conical cutting surface 38 and
cylindrical body 32. ‘The sloped surface 48 may be
chamfered, radiusgarwbeveléd, or similarly inclined.

Referring to FIGURES 5-7, another embodiment of a
cutter insert 50 is shown. Cutter insert 50 includes a
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generally cylindrical body 52 also constructed from a hard
and wear-resistant material such as cemented tungsten
carbide. Cutter insert body 52 includes a cutting end 54
and a base 56. Cutting end 54 defines a génerally conical
cutting surface 58, which extends slightly above the gage
surface 24 when mounted therein. Conical cutting surface
58 has an obtuse angle o between 160° and 180°.

Formed in conical cutting surface 58 of cutting
element 50 is a plurality of shallow grooves 60-63
extending generally parallel with one another. Filling in
these grooves 60-63 are elongated strips or inserts 64-67
made from an ultra hard and abrasion-resistant material,
such as diamond, polycrystalline diamond, thermally stable
polycrystalline diamond (TSP), cubic boron nitride or other
non-diamond material that is ultra hard and abrasion-
resistant. - Elongated inserts 64-67 are manufactured and
shaped to conform to grooves 60-63 to ensure a secure fit.
Elongated ultra hard inserts 64-67 may be secured in
grooves 60-63 by'sintering, brazing, interference fit, or
other methods. Cutting end 54 may also include a sloped
surface 68 connecting conical cutting surface 58 and
cylindrical body 52. The sloped surface 68 may be
chamfered, radiused, beveled, or similarly inclined. |

Referring to FIGURES 8-9, another embodiment of a
cutter insert 70 is shown. Cutter insert 70 includes a
generally cylindrical body 72 constructed from a hard and
wear-resistant material such as cemented tungsten carbide.
Cutter insert body 72 includes a cutting end 74 and a base
76. Cutting end 74 defines a generally conical cutting

"surface 78, which extends slightly above the gage surface

24 when mounted therein. Conical cutting surface 78 has an
obtuse angle o between 160° and 180°.°

Formed in conical cutting surface 78 of cutting
element 70 is a plurality of circular shallow grooves 80-82
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extending generally concentric with one another. Filling
in these grooves 80-82 are circular strips or inserts 84-
86 made from an ultra hard and abrasion-resistant material,
such as diamond, polycrystalline diamond, thermally stable
polycrystalline diamond (TSP), cubic boron nitride or other
non-diamond material that is ultra hard and abrasion-
resistant. Elongated inserts 84-86 are manufactured and
shaped to conform to grodves 80-82 to ensure a secure fit.
Elongated ultra hard inserts B84-86 may be secured in
grooves 80-82 by sintering, brazing, interference fit, or
other methods. Cutting end 74 may also include a sloped
surface 88 connecting conical cutting surface 78 and
cylindrical body 72. ;The' sloped surface 88 may be
chamfered, radiused, beveled, or similarly inclined.
Referring to FIGURES 10-11, another embodiment of a-
cutter insert 100 is shown. Cutter inéert 100 includes a
generally cylindrical body 102 constructed from a hard and
wear-resistant material such as cemented tungsten carbide.

" Cutter insert body 102 includes a cutting end 104 and a

base 106. Cutting end 104 defines a generally conical
cutting surface 108, which extends slightly above the gage
surface 24 when mounted therein. Conical cutting surface
108 has an obtuse angle o between 160° and 180°.

Formed in conical cutting surface 108 of cutting
element 100 is a plurality of curved shallow grooves 110-
112 extending generally in equal spaced relation with one

another. Filling in these grooves 110-112 are elongated
curved strips or inserts 114-116 :ade from an ultra hard
and abrasion-resistant materia.. such as diamond,

polycrystalline diamond, thermally stable polycrystalline
diamond (TSP}, cubic boron nitride or other non-diamond
material that is wultra hard and abrasion-resistant.
Elongated inserts 114-116 are manufactured and shaped to
conform to grooves 110-112 to ensure a secure fit.
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Elongated ultra hard inserts 114-~116 may be secured in
grooves 110-112 by sintering, brazing, interference fit, or
other methods. Cutting end 104 may also include a sloped
surface 118 connecting conical cutting surface 108 and
cylindrical body 102. The sloped surface 118 may be
chamfered, radiused, beveled, or similarly inclined.
Referring to FIGURES 12-13, another embodiment of a
cutter insert 120 is shown. Cutter insert 120 includes a
generally cylindrical body 122 constructed from a hard and
wear-resistant material such as cemented tungsten carbide.
Cutter insert body 122 includes a cutting end 124 and a
base 126. Cutting end 124 defines a generally conical
cutting surface 128, which extends slightly above the gage
surface 24 when mounted therein. Conical cutting surface
128 has an obtuse angle a between 160° and 180°.
_ Formed in conical cutting surface 128 of cutting
element 120 is =a plﬁrali;y of rectangular shallow grooves
130-132 extending generally parallel with one another in a
staggered pattern. Filling in these grooves 130-132 -are
rectangular strips or inserts 134-136 made from an ultra
hard and abrasion-resistant material, such as diamond,
polycrystalline diamond, thermally stable polycrystalline.
diamond (TSP), cubic boron nitride or other non-diamond
material that is wultra hard and abrasion-resistant.
Rectangular inserts 134-136 are manufactured and shaped to
conform to grooves 130-132 to ensure a secure fit.
Rectangular ultra hard inserts 134-136 may be secured in
grooves 130-132 by sintering, brazing, interference fit, or
other methods. Cutting end 124 may alsoc include a sloped
surface 138 connecting conical cutting surface 128 and
cylindrical body 122. The sloped surface 138 may be
chamfered, radiused, beveled, or similarly inclined.
Referring' now to FIGURE 14, a cross-section of a
cutting element is shown. Although FIGURE 14 particularly
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shows cutting element 30 of FIGURE 2, it 1is equally
applicable to cutting element 50 of FIGURE 5, cutting
element 70 of FIGURE 8, cutting element 100 of FIGURE 10,
and cutting element 120 of FIGURE 12.

In FIGURE-14, the thickness or depth of ultra hard
material 45 near the center of insert 30, 3;, and near the
periphery, J,, are specifically shown. It is contemplated
that the thickness of ultra hard material 45 and thus the
depth of shallow groove 41 need not be the same and may
vary gradually. Therefore, 3. may be greater or less than
S, if desired depending on the  rock formation and
application. In particular, 3, may be greater than &
because the edges experience more friction and more wearing
than the center of the cutting surface. Note that the
variation in ultra hard material thickness may be present
in all elongatea inserts in a cutting element or it may be
present in selected inserts.

Referring now to FIGURES 15-18, the configuration of
the ‘groove may be varied to improve endurance of the cutter
element. FIGURE 15 shows an embodiment of a groove
configuration for cutter element 30. Although FIGURE 15
particularly shows cutting element 30 of FIGURE 2, it is
equally applicable to cutting element 50 of FIGURE 5,
cutting element 70 of FIGURE 8, cutting element 100 of
FIGURE 10, and cutting element 120 of FIGURE 12.

As shown by FIGURE 15, grooves 40-42 are radiused in
conical «cutting surface 38 of cutting element 30.
Elongated inserts 44-46 are manufactur:d and shaped to
conform to the radiused grooves 40-42. Accordingly, the
bulk of the ultra hard and abrasion-resistant material
forming inserts 44-46 is provided at or near the conical
cutting surface 38. As a result, the cutting element 30

~has an increased cutting ability at the beginning of its
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life that exponentially decreases with wear to the element
30. o |

Referring now to FIGURE 16, another embodiment of a
groove configuration for cutter element 30 is shown.
Although FIGURE 16 particularly shows cutting element 30 of
FIGURE 2, it is equally applicable to cutting element 50 of
FIGURE 5, cutting element 70 of FIGURE 8, cutting element
100 of FIGURE 10, and cutting element 120 of FIGURE 12.

As shown by FIGURE 16, grooves 40-42 are squared-off
in conical cutting surface 38 of cutting element 30.
Elongated ihsert3r44446:are manﬁfactured and shaped to
conform to the rectangular grooves 40-42h Accordingly, the
ultra hard and abrasion-resistant material forming inserts
44-46 is evenly distributed throughout the inserts. 2as a
result, the cutting element 30 has a uniform cutting.
ability over its life.

Referring now to FIGURE 17, another embodiment of a
groove configuration for cutter element 30 is shown.

- Although FIGURE 17 particularly shows cutting element 30 of

FIGURE 2, it is equally applicable to cutting element 50 of
FIGURE 5, cutting element 70 of FIGURE 8, cutting element
100 of FIGURE 10, and cutting element 120 of FIGURE 12.

As shown by FIGURE 17, grooves 40-42 are dovetailed in
conical cutting surface 38 of cutting element 30.
Elongated inserts 44-46 are manufactured and shaped to
conform to the dovetailed grooves 40-42. Accordingly, the
bulk of the ultra hard and abrasion-resistant material
forming inserts 44-46 is provided below the conical cutting
surface 38. As a result, the cutting element 30 has a
decreased cutting ability at the beginning of its life that
exponentially increases with wear to the element 30.
Moreover, the dovetailed grooves 40-42 provide increased
retention by the cutting element for the inserts 44-46. As




10

15

20

25

30

WO 97/35091 PCT/US97/03812

12

a result, the inserts tend to wear down past the point
where they would break off in other configurations.

Referring now to FIGURE 18, another embodiment of a
groove configuration for cutter element 30 is shown.
Although FIGURE 18 particularly shows cutting element 30 of
FIGURE 2, it is équally applicable to cutting element 50 of
FIGURE 5, cutting element 70 of FIGURE 8, cutting element
100 of FIGURE 10, and cutting element 120 of FIGURE 12.

As shown by FIGURE 18, grooves 40-42 are open-ended
toward the conical cutting surface 38 of cutting element
30. Elongated inserts 44-46 are manufactured and shaped to
conform to the open-ended grooves 40-42. Accordingly, the
bulk of the ultra hard and abrasion-resistant material
forming inserts 44-46 is provided at or near the conical
cutting surface 38. As a result, the cutting element 30
has an . increased cutting ability at the beginning of its

- life that exponentially decreases with wear to the element
30.

Referring to FIGURES 19A and 19B, a partial view of
roller cone cutter 20 is shown as seen from the base
thereof. Cutter 20 includes gage surface 24 in which a row
of cutting elements is mounted, including cutting elements
22 constructed in accordance with the teachings of the
present invention. Cutter 20 rotates about a center axis
70 in the direction of rotation as indicated.

In FIGURE 197, cutting elements 22 are mounted in the

‘gage row such that the ultra hard inserts are generally

perpendicular to the direction of rotation. In other
words, the axis of the ultra hard inserts is at 90° to the
direction of cone rotation. When mounted in this manner,
a plurality of successive cutting surfaces formed by
alternating hard and ultra hard materials are presented to
the rock formation in the sidewall of the borehole. The
hard material acts to protect the ultra hard inserts from
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chipping damage caused by over exposure of the ultra hard
material to the sidewall of the borehole. Depending on the
position of ultra hard inserts, the leading edge or cutting
surface may be the hard or ultra hard material. As the
leading edge wears away, the next cutting surface presents
a new cutting edge and surface to continuously cut a full
diameter borehole.

In FIGURE 19B, the axis of ultra hard inserts in
cutting elements 22 are oriented generally parallel with
respect to the direction of cone rotation. In other words,'
the ultra hard inserts are at 0° to the direction of
rotation. The resulting éutting action is rake or claw-
like. The interruption of the ultra hard cutting surface
by the hard cutting surface as the leading edge of the
cutting surfaces is presented to the rock formation results
in less friction and more efficient cutting.

It may be seen that cutting element 22 constructed
according to the present invention may populate all sockets
in the gage row or selected sockets therein depending on
the application and rock formation.

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 gage surface cutting element for a cutter in a
roller cone drill bit, comprising: '

a generally cylindrical body formed of a hard and
wear-resistant material and having a cutting end, said
cutting end having a generally conical cutting surface
substantially perpendicular to a longitudinal axis of said
cylindrical body;

a plurality of shallow grooves formed in said conical
cutting surface; . .

a plurality of strips of an ultra hard material having
a shape and prbfile conforming to said shallow grooves,
said strips defining cutting surfaces substantially in line
with said conical cutting surface; and

said hard and wear-resistant material and said ultra
hard material defining a plurality of alternating hard and

"ultra hard elongated cutting surfaces and a small angle of
approach with respect to a sidewall of a borehole.

2. The gage surface cutting element, as set forth in
claim 1, wherein said conical cutting surface has an angle
between 160° and 180°.

3. The gage surface cutting eiement, as set forth in
claim 1, wherein a plurality of the cutting elements are
interference fitted into sockets formed in the gage surface
of the cutter, the cutting elements being oriented so that
a plurality of alternating hard and ultra hard cutting
surfaces are defined generally perpendicular to the
direction of cutter rotation.
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4. The gage surface cutting element, as set forth in

15

claim 3, wherein said plurality of alternating hard and
ultra hard cutting surfaces wear successively to
continuously present a new cutting surface to cut and
maintain a full diameter bore hole.

5. The gage surface cutting element, as set forth in
claim 4, wherein a leading cutting surface is of the hard
material.

6. The gage surface cutting element, as set forth in
claim 4, wherein a leading cutting surface is of the ultra
hard material.

7. The gage surface cutting element, as set forth in
claim 1, wherein a plurality of the cutting elements are

. interference fitted into sockets formed in the gage surface

of the cutter, the cutting elements being oriented so that
a plurality of alternating hard and ultra hard cutting
surfaces are generally defined parallel with the direction
of cutter rotation. '

_ 8. The gage surface cutting element, as set forth in
claim 7, wherein said plurélity of alternating hard and
ultra hard cutting surfaces cut and maintain a full
diameter bore hole with a claw-like cutting action.

9. The gage surface cutting element, as set forth in
claim 1, wherein a plurality of the cutting elements are
interference fitted into sockets formed in the gage surface
of the cutter, the cutting elements being oriented so that
an axis of said plurality of strips of ultra hard material
is oriented at an angle between 0° to.90°, inclusively, to
the direction of cutter rotation. '

This Sheet Has B

.
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10. The gage surface cutting element, as set forth in
claim 1, wherein said shallow grooves and strips of ultra
hard material extend substantially to a periphery edge of
said conical cutting.surface.

11. The gage surface cutting element, as set forth in
claim 1, further comprising a sloped surface coupling said
conical cutting surface and said cylindrical body.

12. The gage surface cutting element, as set forth in
claim 1, wherein at least Onetqf said plurality of shallow
grooves has varying depth along its length.

13. The gage surface cutting element, as set forth in
claim 1, wherein said plurality of shallow grooves are
deeper near a center of said conical cutting surface than

' near a periphery edge of said conical cutting surface.

14. The gage surface cutting element, as set forth in

~claim 1, wherein said plurality of shallow grooves are

shallower near a center of said conical cutting surface
than near a periphery edge of said conical cutting surface.

15. The gage surface cutting element, as set forth in
claim 1, wherein said plurality of shallow grooves are
elongated and generally parallel with one another.

16. The gage surface cutting element, as set £ =h in
claim 15, wherein said plurality of shallow grool .s are
radiused in said conical cutting surface.

This Sheet Has Been Reﬂlaced _




10

15

20

25

30

WO 97/35091 - PCT/US97/03812

/:

s

17

17. The gage surface cutting element, as set forth in
claim 15, wherein said plurality of shallow grooves are
squared-off in said conical cutting surface.

18. The gage surface cutting element, as set forth in
claim 15, wherein said plurality of shallow grooves are
dovetailed in said conical cutting surface.

19. The gage surface cutting element, as set forth in
claim 15, wherein said plurality of shallow grooves are
open-ended toward said conical cutting surface.

20. The gage surface cutting element, as set forth in
claim 1, wherein said plurality of shallow grooves are
circular and generally concentric with one another.

21. The gage surface cutting element, as set forth in :
claim 20, wherein said plurality of shallow grooves are
radiused in said conical cutting surface.

22. The gage surface cutting element, as set forth in
claim 20, wherein said plurality of shallow grooves are

.squared-off in said conical cutting surface.

23. The gage surface cutting element, as set forth in
claim 20, wherein said plurality of shallow grooves are
dovetailed in said conical cutting surface.

24. The gage surface cutting element, as set forth in
claim 20, wherein said plurality of shallow grooves are
open-ended toward said conical cutting surface.

heet Has Been Reﬁaced
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25. The gage surface cutting element, as set forth in
claim 1, wherein said plurality of shallow grooves are

curved and generally in equally spaced relation with one
another.

26. The gage surface cutting element, as set forth in
claim 25, wherein said plurality of shallow grooves are
radiused in said conical cutting surface.

27. The gage surface cutting element, as set forth in
claim 25, wherein said plurality of shallow grooves are
squared-off in said conical cutting surface.

28. The gage surface cutting element, as set forth in
claim 25, wherein said plurality of shallow grooves are
dovetailed in said conical cutting surface.

29. The gage surface cutting element, as set forth in
claim 25, wherein said plurality of shallow grooves are
open-ended toward said conical cutting surface.

30. The gage surface cﬁtting element, as set forth in
claim 1, wherein said plurality of shallow grooves are
generally parallel with one another and arranged in a
staggered pattern.

31. The gage surface cutting element, as set forth in
claim 30, wherein said plurality of shallow grooves are
radiused in said conical cutting surface.

_______________ 32. The gage surface cutting element, as set forth in
claim 30, wherein said plurality of shallow grooves are
squared-off in said conical cutting surface.
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33. The gage surface cutting element, as set forth in
claim 30, wherein said plurality of shallow grooves are
dovetailed in said conical cutting surface.

34. The gage surface cutting element, as set forth in
claim 30, wherein said plurality of shallow grooves are
open-ended toward said conical cutting surface.

35. The gage surface cutting element, as set forth in
claim 1, wherein said plurality of shallow grooves are
radiused in said conical cutting surface.

36. The gage surface cutting element, as set forth in
claim 1, wherein said plurality of shallow grooves are
squared-off in said conical cutting surface.

37. The gage surface cutting element, as set forth in
claim 1, wherein said plurality of shallow grooves are
dovetailed in said conical cutting surface.

38. The gage surface cutting element, as set forth in
claim 1, wherein said plurality of shallow grooves are
open-ended toward said conical cutting surface.

39. The gage surface cutting element, as set forth in
claim 1, wherein said wear-resistant hard material is
cemented tungsten carbide and said ultra hard material is
polycrystalline diamond.

40. The gage surface cutting element, as set forth in
claim 1, wherein the cutting element is interference fitted
into a socket so that said conical cutting surface is
generally above the gage surface.

R
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41. In a roller cone drill bit having a gage surface
contacting a sidewall of a borehole during operations, said
gage surface having at least one row of cutter inserts, at
least one of said cutter inserts comprising:

a generally cylindrical substrate formed of cemented
carbide and having a cutting end, said cutting end having
a generally conical cutting surface substantially normal to
a longitudinal axis of said cylindrical substrate;

-a plurality of shallow grooves formed in said conical

.c@ttigg surface;

a plurality of strips of polycrystalline diamond
having a shape and profile conforming to said shallow
grooves, said polycrystalline diamond strips defining
cutting surfaces substantially in line with said. conical
cutting surface defined by said cemented carbide substrate;
and o |
" said conical cutting surface defined by said cemented
carbide substrate and said polycrystalline diamond strips
forming a plurality of alternating hard and ultra hard
elongated cutting surfaces and a small angle of approach
with respect to the sidewall of the borehole.

42. The cutter insert, as set forth in claim 41,
wherein said conical cutting surface has an angle between
160° and 180°.

43. The cutter insert, as set forth in claim 41,
wherein a plurality of the cutter inserts are interference
fitted into sockets formed in the gage surface of the
cutter, the cutter inserts being oriented so that a
plurality of alternating hard and .ultra hard cutting
surfaces are defined generally perpendicular to the

direction of cutter rotation. _
——
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44 . The cutter insert, as set forth in claim 43,
wherein said plurality of alternating hard and ultra hard

21

cutting surfaces wear successively to continuocusly present

a new cutting surface to cut and maintain a full diameter
bore hole. '

45. The cutter insert, as set forth in claim 44,
‘wherein a leading cutting surface material is cemented
carbide.

46. The cutter insert, as set forth in claim 44,

wherein a leading cutting surface material is
polycrystalline diamond.

47. The cutter insert, as set forth in claim 41,
wherein a plurality of the cutter inserts are interference
fitted into sockets formed in the gage surface of the
cutter, the cutter inserts being oriented so that a
plurality of alternating hard and ultra hard cutting
surfaces are generally defined parallel with the direction
of cutter rotation.

48, The cutter insert, as set forth in claim 47,
wherein said plurality of alternating hard and ultra hard
cutting surfaces cut and maintain a full diameter bore hole
with a claw-like cutting action.

49. The cutter insert, as set forth in claim 41,
wherein a plurality of the cutter inserts are interference
fitted into sockets formed in the gage surface of the
cutter, the cutter inserts being oriented so that an axis
of said plurality of polycrystalline diamond strips is
oriented at an angle between 0° to 90°, inclusively, to the
direction of cutter rotation.
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S0. The cutter insert, as set forth in claim 41,
wherein said shallow grooves and strips of polycrystalline
diamond extend substantially to a periphery edge of said
conical cutting surface.

51. The cutter insert, as set forth in claim 41,
further comprising a sloped surface coupling said conical
cutting surface and said cylindrical substrate.

52. The cutter insert, as set forth in claim 41,
wherein at least one of said plurality of shallow grooves
has varying depth along its length.

53. The cutter insert, as set forth in claim 41,
wherein said plurality of shallow grooves are deeper near
a center of said conical cutting surface than near a
periphery edge of said conical cutting surface.

54. The cutter insert, as set forth in claim 41,
wherein said plurality of shallow grooves are shallower
near a center of said conical cutting surface than near a
periphery edge of said conical cutting surface.

5S. The cutter insert, as set forth in claim 41,
wherein said plurality of shallow grooves are elongated and
generally parallel with one another.

$6. The cutter insert, as set forth in claim 55,

wherein said plurality of shallow grooves are radiused in
said conical cutting surface.
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57. The cutter insert, as set forth in claim S5S5,
wherein said plurality of shallow grooves are squared-off
in said conical cutting surface.

58. The cutter insert, as set forth in c¢laim 55,
wherein said plurality of shallow grooves are dovetailed in
said conical cutting surface. '

59. The cutter insert, as set forth in c¢laim 55,
wherein said plurality of shallow grooves are open-ended

toward said conical cutting surface.

60. The cutter insert, as set forth in claim 41,

' wherein said plurality of shallow grooves are circular and

generally concentric with one another.

61. .The cutter insert, as set forth in claim 60,
wherein said plurality of shallow grooves are radiused in
said conical cutting surface.

62. The cutter insert, as set forth in claim 60,
wherein said plurality of shallow grooves are squared-off
in said conical cutting surface.

63. The cutter insert, as set forth in claim 60,

wherein said plurality of shallow grooves are dovetailed in
said conical cutting surface.

64. The cutter insert, as set forth in claim 60,

wherein said plurality of shallow grooves are open-ended

toward said conical cutting surface.

—_—
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65. The cutter insert, as set forth in claim 41,
wherein said plurality of shallow grooves are curved and
generally in equally spaced relation with one another.

5 66. The cutter insert, as set forth in claim 65,
wherein said plurality of shallow grooves are radiused in
said conical cutting surface.

67. The cutter insert, as set forth in claim 65,
10 wherein said plurality of shallow grooves are squared—off'
in said conical cutting surface.

68. The cutter .insert, as set forth in claim 65,
wherein said plurality of shallow grooves are dovetailed in _
i5 said conical cutting surface.

69. The cutter insert, as set forth in claim 65,
wherein said plurality of shallow grooves are open-ended
toward said conical cutting surface.

20
70. The cutter insert, as set forth in claim 41,
wherein said plurality of shallow grooves are generélly
parallel with one another and arranged in a staggered
. pattern. |
25
' 71. The cutter insert, as set forth in claim 70,
wherein said plurality of shallow grooves are radiused in
said conical cutting surface.
30 72. The cutter insert, as set forth in claim 70,

R wherein said plurallty of shallow grooves are squared-off
in said conical cutting surface.
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73. The cutter insert, as set forth in claim 70,
wherein said plurality of shallow grooves are dovetailed in
said conical cutting surface.

74. The cutter insert, as set forth in claim 70,
wherein said plurality of shallow grooves are open-ended

toward said conical cutting surface.

75. The cutter insert, as set forth in claim 41,

wherein said plurality of shallow grooves are radiused in

said conical cutting surface.

76. The cutter insert, as set forth in claim 41,
wherein said plurality of shallow grooves are squared-off
in said conical cutting surface. '

77. .The cutter insert, as set forth in claim 41,
wherein said plurality of shallow grooves are dovetailed in -
said conical cutting surface.

‘78. The cutter insert, as set forth in claim 41,
wherein said plurality of shallow grooves are open-ended
toward said conical cutting surface.
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79. A roller cone drill bit having a conical cutter
assembly with an improved gage surface cutting element for
actively cutting a sidewall of a borehole, comprising:

a generally cylindrical body formed of a hard and
wear-resistant material and having a cutting end, said
cutting end having a generally conical cutting surface
having an angle between 160° and 180°, said conical cutting
surface being substantially_perpendiéular to a longitudinal
axis of said cylindrical body;

a plurality of shallow grooves formed in said conical
cutting surface;

a plurality of strips of an ultra hard material having
a shape and profile éonforming to said shallow grooves,

said strips defining cutting surfaces substantially in line

with said conical cutting surface; and

said hard and wear-resistant material and said ultra

"hard material defining a plurality of alternating hard and

ultra hard cutting surfaces and a small angle of approach
with respect to the sidewall of the borehole.
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