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bevel 10 BACKGROUND 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 enploys a 15 multiplicity of

rolling cone cutters rotatably nounted to extend downwardly and i nwardly
W t.h respect to the central axis of the drill bit. The rolling cone
cutters may have mlled teeth or cutter inserts disposed on each cutter in

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 multiple ultra hard
cutting surfaces for the gage surface of a roller cone
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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



predefi ned patterns. 20 It has. been recognized that it is
i nportant i Rydbgaghei | | i ng operation for the drill bit to maing SF/03812
consi stent borehole dianeter. As the drill bit cuts into a roéﬁh?ornatﬁon
to forma borehole, one portion of each cone cutter, typically called the
gage surface, contacts 25 the sidewal | of the borehole Some roller
cone drill bits WO 97/ 35091

PCT/ US97/ 03812 2 have been provi ded wear-resistant and/or ultra hard cutter
inserts in the gage surface to cut the sidewall and nmmintain the dianeter
of the borehole. The wear-resistant inserts are generally susceptible to

heat cracking and 5 spal l,ing during use, and ultra hard cutter inserts
are general |y Pe¥RePEBN: PROVIGRE Wead Tafd SUAHpi anA Mokt B chardt getter

intense frictiandeattaeennt hehéocgaéer nghtPacénttd Nt - thel t shaewaligo hgan
recogni zed tha%aggialn EBe diameter of the borehole. The wear-resistant
inserts are dgenerally susceptible to heat cracking and

5 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
10 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
15 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
20 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-
25 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
30 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



i nserts mey be nore prone to damage associated with 10 friction heat,
and chi sel vpepgseeinserts may be nore prone to breakage. SUVNIRVUSY/0BBE2

| NVENTI ON Accordingly, there is a need for a gage surface 15 cutting
element that produces a reduced anmpunt of frictional heat, is |ess
prone to chi ppi ng damage, while maintaining an effective cutting surface.
In accordance with the present invention, a cutting elenent for the gage
surface of a cone cutter is provided 20 whi ch elim nates or
substantially reduces the disadvant ages assbci ated with prior cutter
Lnserts. In one aspect of the invention, a gage surface cutting elenent for

of & hard and AMarinssrtE ox dnidkn, mad, BpfE e Rywhedl ki She HEYpoPerEC
cutting el emredegmsdingenar aley dbametercoft ithe scutbibgsedement Ang the
per pendi cul ar .zIooc)f’jl lf%% t%rpak:oaxﬁé- HriieLy! M | cabubedyis The &shitAl
end may additi‘ona |yIIN§LIe a sl oped sugface connecting the COEIC&
cutting surfacmtdnng hesurface with alternating hard and ultra hard
: 5 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,
10 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
15 - 'For a better understanding of the present invention,.
reference may be méde 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
20 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; .
25 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;
30 FIGURE 6 is a side view of the cutting element shown
in FIGURE 5; |

FIGURE 7 is another side view of the cutting element;



30 - cylindrical body. The conical cutting surface has an obtuse angl e

a that may wa'oiskiyveen 160 and 180[err]. A plurality of sw.ll,‘gg%ﬂs gves
is formed in the conical cutting surface, and a plurality of 'strips of an
ultra hard material is disposed in the grooves. The nunber of grooves WO
97/ 35091 PCT/ US97/ 03812 3 and

I nserts or inlays nay range anywhere from one or nore, depending on the

di aneter of the cutting elenment and the rock formation to be drilled. The
result is a conical cutting surface with algdernating hard and ultra hard 5
cutting surfaces that can be oriented at O[err], 90[err], or any angle in
between with respect to the rotational direction of the cutter cone. In
anot her” aspect of tHECUREeBti b, at HeoBhaieww off oanethexy arbodimertedofn a he

ggcgfg! cutt iﬂ%rﬂ’ééf“&ut%@.ng s PAEREE Uodl fa It HiEng OB ERbNEY it ibd &g e,
according to the present invention;

FIGURE 9 is a side view of the cutting element shown

5 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

10 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

15 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;

20 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

25 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.
30

DETAILED DESCRIPTION OF THE INVENTION
The preferred embodiments of the present invention are
illustrated in FIGURES 1-19, like reference numerals being



the comical cutting surface, or open-ended toward the conical cutting
surface. BRalg97s063Rl PTI ON OF THE DRAW NGS 15 For a PETA§$7/03812
under st andi ng of the present invention, reference nay be nade to the
acconpanyi ng drawings, in.which: FIGURE 1 is an isonmetric view of a roller
cone drill bit having cutting elenments constructed according to the 20
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 el enent
constructed according to the present invent§on; 25 FIGURE 3 is a
side view of the cutting elenment; FIGURE 4 is another side view of the

cutting elenent; E RE 5 is_a AN an a ni
cutting sur f ac&® (ﬁd Sg&t‘f?% reléeman kgeong?'guc éeggég QthengaQEe pcgfe)sé:(ri;%l
i nvention; 30 various dH=@IRIg$.is a side view of the cutting el enent shown

in FI GURE 5; For purposes of illustration, the present invention is
shown embodied in a roller cone drill bit 10 used in
5 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
10 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 inner passage (not shown) that permits cool
15 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

20 drllllng 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

25 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

30 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



FIGURE 7 is another side view of the cutting el enent; WO 97/ 35091 .
PCT/ US97/ 03%rble7asi@yGURE 8 is a top view of another embodi mentypofy8064304,C2l
cutting surface of a cutting el enent constructed according to e present

i nvention;

FIGURE 9 is a si-de view of the cutting el enent shown 5 in

FIGURE 8; FIGURE 10 is a top view of another enbodi nent of a conical
cutting surface of a cutting el'enent constructed according to the present

i nventi on;

FIGURE 11 is a side view of the cutting el ement shown 10 in

FIGURE 10; FIGURE 12 is a top view of another enbodi ment of a conical
cutting surface of a cutting el enent constructed according to the present

i nventi on;
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FIGQURE 13 is _a si.de view of the guiting el ement shown

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



15 in FIGURE 12; FIGURE 14 is a cross-sectional view of the cuttin

el ement shoWOPM3SPGURE 2; FIGURE 15 is a side view of an enbBeT/HEN038I2 5
groove configuration according to the present invention; 20 FI GURE
16 is a side view of another enbodi nent of a groove configuration according
to.the present invention; FIGURE 17 is a side view of another enbodi nent of
a groove configuration according to the present invention, FIGURE 18 is a
side view of anot her enbodi nent of a 25 groove configuration according
to the present invention; and FlI GURES 19A aZd 19B are views of the gage
surface of the conical cutter to denonstrate the orientation of the cutting

elenent withr di 20 r | Q0. I
OF THE | NVENTI %%Q‘%%él%?’efgggrl_g@&g%&d ﬁ‘r’g tsg%?"{]li%&e %ﬁ?ﬁ#%&%ﬁgﬁgw
ill-ustrated i namAGURESTHrESigtant r gp&eicd ngwshal @sperfjented tungsten

carbide. Cutter insert body 52 includes a cutting end 54
and a base 56. Cutting end 54 defines a génerally conical
5 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
10 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
15  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
20 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
25 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
30 "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



WO 97/ 35091 ' PCT/ US97/ 03812 5 used to

refer to | wepomdsgeicorresponding parts of the various draw NGser588708842P0S€S
of illustration, the present invention is shown enbodied in a roller cone

drill bit 10 used in 5 drilling a borehole in the earth, as shown in
FIGURE 1. Roller cone drill bit 10 may al so 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 |l ower end of 10 adrill string 8not shown). Threaded portion 14
and the correspondi ng 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 wel | surfg¥gengingpg@perallyc| qrpeentriqneithaesgganatdiesnhovhilihag

permts cool lﬁ'theséf%ﬁ*bb@gsmd—ﬁ_& | blee eBERAIIA Y té shoWwas s roaLt he
dritl Strlng'SGTQSdgrkré&ngnqyftgglﬁgkérgéémgkggg¥g§¥}eé25tant material,
such as diamond, polycrystalline diamond, thermally stable
5 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
10 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.
15 Referring to FIGURES 10-11, another embodiment of a-

cutter insert 100 is shown. Cutter insert 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
20 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
25 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,
30 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.



(two are shown), flows downward to the bottom of the borehole and then
passes upwaw® 985091e annul us between the wall of the borehol ePERAISOTO8EZ | | |

string, carrying 20 drilling debris and rock chips therewith. In the
tri-cone roller cone drill bit 10, three substantially identical arns 18
(two are shown) depend frombit body 12. Each arm 18 rotatably supports a

coni cal cutter assenbly 20, and each conical cutter assenbly 20 has 25

a plurality of cutter inserts or mlled teeth arranged in a predeterm ned
manner thereon. The present invention is directed to cutter inserts or
cutting el ements 22 disposed In a gage surface 24 |ocated on cutter

assenbly 20. ter ins ke u y h ut 0
and 30 Y |sO£elﬁrf%%lt t grﬁonﬁ o r??%e{‘%ut ]‘séseﬁl & %% \/\/%’l%?:’h%néla ylg
contacts the ograovest 1p@r-|l|1lﬂe|by @arme(mm | hxfazulm@ bcmfnﬁ:rfee:(eme shibn) oxs
drill bit 10 'Sat{rfgrat:ﬁ‘é’éﬂo&é'“' BAckhad Dol fs 4B 88EL MW $0s1oped

comonly calle
sur ace 118 connecting conical cutting surface 108 and

5 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
10 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
15 .. 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
20 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.
25 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
30 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



WD 97/ 35091 PCT/ US97/ 03812 6 row in
the industioanskoyy | | be referred to as such hereinafter. Rep&fissGisR
FI GURES 2-4, a cutter insert 30 constructed according to the teachings of

the present 5 invention is shown. Cutter insert 30 includes a
generally cylindrical body 32 or substrate constructed froma hard and
wear -resi stant material such as cenented tungsten carbide. Cutter insert
body 32 has a cutting end 34 and a base 36 which is press fit into sockets
formed in gage 10 surface 24 of conicalOcutter assenbly 20. Cutting end
34 defines a generally conical cutting surface 38, which extends slightly
above the gage surface 24 to contact the borehole. Conical cutting surface
38 has ‘an obt EBwwahglamteing teementy B& yofet RESHREGOR er rit anids 18@uallly.
15 F%ﬁ?ﬁcaﬂlsorﬂ&ahu&%g Nglepehtacfy 3% PiGURE! 4 NI RI@TRIY
30 is a plurality of shaIIOM/%roove 40- 42 extendi ng generallyéparallel
with one anot Ifh€mard} a7 Pht BL1EHBEe 8yr savrdsing-ebeneit 18R gaf e § IGUREN S Qor -

inserts 44-46 and cutting element 120 of FIGURE 12.

5 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

10 vary gradually. Therefore, 3. may be greater or less than
Sp 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

1s 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

20 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

25 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

30 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



made from'an ultra hard and abrasion-resistant material, 20 such as

di anond, povoorpsedal | i ne di anond, thermally stable pol ycryst HEVE738IoNnd
(TSP), cubic boron nitride or other non-dianond material that is ultra hard
and abrasion- resistant. Elongated inserts 44-46 are manufactured and
shaped to conformto grooves. 40-42 to ensure a secure fit. 25 El ongat ed
ultra hard inserts 44-46 may be secured in grooves 40-42 by sintering,
brazing, interference fit, or other |ike nﬁ hods. Constructed in this
manner, conical cutting surface 38 is defimed by both hard and ultra hard
mat eri al s. Cutting end 34 may additionally include a 30 sl oped

suriace £ CoeEd e highefUt 4050, SULLASBEIP A GAD A e DolenE.

inclined. Refe3®ing to FI GURES 5-7, another enbodi ment of a cutter insert

50 is shown.  Cuttgpei ' 1 :
PCT}USS7?82812 RE£ED3SHG v "ESVEEBURE 16/0 246ERE2L embodiment of a

groove configuration for cutter element 30 is shown.
5 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
10 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
15 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
20 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.
25 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
o surface 38. As a result, the cutting element 30 has a
30 - 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




7 generally cylindrical body 52 also constructed froma hard and

wear - r esi stypglo7a%ogr i @l such as cenented tungsten car bi de. Oagpw LRSSkt
body 52 includes a cutting end 54 and a base 56. Cutting end Jg?iﬁgg a

generally conical 5 cutting surface 58, which extends slightly above

t he gage surface 24 when nmounted therein. Conical cutting surface 58 has an
obtuse angle [err] between 160[err] and 180[err]. Forned in conical cutting
surface 58 of cutting elenent 50 is a plurality of shall ow grooves 60-63 10
extending generally parallel with one another. Filling in these grooves
60-63 are elongated strips or inserts 64-67 made froman ultra hard and
abrasion-resi stant material, such as di anond, polycrystalline dianond,
thermal'ly stal® ergstnysthe | ingeditanobend TSR , weabi ddwsy opaatt tihge peint

ot her 15 Xl i i3 h : ASLON-
resi stant. Iﬁﬁﬁ%ﬁ%2§R?gsg§?§a6§%§7&2%g%nﬁhﬁ%ﬁ&%ﬁe%égﬁgggﬁgggéﬁF6 conform
to grooves 60-63 tRefeuring sWWIreof FEGUREoAfat canothes saediment 064267

may be secur edyitdo@e0RSEE f§uldtbrSi Fod | BAttBLaZé NEmehb!t &Id €A@NCEhbWH. OF

5 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
10 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
15 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
20 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 ﬁhe'teachings of the
present invention. Cutter 20 rotates about a center axis

25 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

30 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



20 ot her methods. Cutting end 54 may also include a sloped surface 68
connecting WOMTAS91 cutting surface 58 and cylindrical bE8GFUSINOIBLI2
The sloped surface 68 may be chanfered, radiused, beveled, or simlarly
inclined. Referring to FI GURES 8-9, another enbodi nent of a 25 cutter
insert 70 i s shown. Cutter insert 70 includes a generally cylindrical
body 72 constructed froma hard and wear-resistant material such as
cenment ed tungsten carbide. Cutter insert bo 72 includes a cutting end 74
and a base 76. Cutting end 74 defines a generally conical cutting 30
surface 78, which extends slightly above the gage surface 24 when nounted

therein. Conic | ce.lk a 5§§4 b Of;
and 180[err]. (ﬁééﬁ#é#g%%ﬁ%%glsgﬁ thgwgg?ggie 0 %d??iﬁg&gﬁg%gi ﬁ%?#s
a plurality of maveqiladr tshiheowigewadds ofothe borehode. 35Pgpending on the

PCT/U597/038123§$sition of ultra hard inserts, the leading edge or cutting
surface may be the hard or ultra hard material. As the
5 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

10 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

15 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

20 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

25 invention as defined by the appended claims.



ext endi ng generally concentric with one another. Filling in these grooves .
80-82 are qudowdsnsy Strips or inserts 84- 86 made from an ul t¥eEr8svh3sd
abrasi on-resi stant material, such as dianond, polycrystalline dianond,
thermally stable 5 pol ycrystal I'i ne di anond (TSP), cubic boron nitride
or other non-dianond material that is ultra hard and abLaSJ_gn-—r-es'r—sHarﬁ*t—
El ongated inserts 84-86 are manufactured and shaped to conformto
80-82 to ensure a secure fit. Elongated ultra hard |nseulml ml
secured in 10 grooves 80-82 by sinterint brazing,

ot her nmethods. Cutting end 74 may al so include a sl oped surface 88

connecting conical cutting surface 78 and cylindrical body 72. The

sl oped 'surfadﬁﬂﬂégﬂid¥3¥gﬂﬂ%hbﬁfered radi used, beveled, or simlarly
inclined. 15 1. Ref ghhen@ur® alleCdRES 3 1 erdéiot hebreabedirent iof 2
cutter |nsert ths shown in sert T00 includes a generally

cylindri cal Kepd %%?\%t‘?ﬁb&dbﬁ:on?'amﬁﬁ?‘ﬂlﬁﬁd wear -resi stant materi al
such as cerrent ed t ungsgietiereily deyltdkecal ndssdy bgdymbd oficlaudeara and

cutting end 104 and 2 e 10 ttin endl fine .
gener al lse COI‘qu%a -r 51gtant t%n"%xsco.arz.a.e‘ﬁ. angJ havgn g tg_(i ésng, said

cutting end having a generally conical cutting surface
substantially perpendicular to a longitudinal axis of said
cylindrical body;

OI‘

a plurality of shallow grooves formed in said conical
10 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
15 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.

20 - 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

25 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

30 direction of cutter rotation.
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cutting surface 108, which extends slightly above the gage suyr en
nount ed theP‘iQW’-”s@}nl cal cutting surface 108 has an obtuse a %ﬁ?gﬁww
between 160[err] and 180[err]. Formed in conical cutting surface 108 of

cutting 25

el enent 100 is a plurallty of curved ShaLLQML£H4M»M%}éEH}———

112 extending generally in equal spaced relation wt anot her .
I n these grooves 110-112 are el ongated curved strlps or

made froman ultra hard and abrasion-resisqgant mat er .wﬂll ﬂlu“ml'Em“l

di anond, 30
di anond (TSP),

pol ycrystal line dianond, thermally stable polycrystal i ne
cubic boron nitride or other non-di anond material that is

ultra hard and abrag Onmlga@tsuﬁmaé@ﬂtiﬁ eéléméi;ﬁ 1%@¢ &ex forth in
manuf act ured an haped t%_conforn1t %{oov to ensure a,se

fit. WO 97/

ereln sai

A lura 1ty o alternydl;} S&? ﬁrédg

El ongated ul trailwral | haed s ¢hécihg magubfasesur edean successively to

10

15

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

20

25

30

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. '
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grooves 110-112 by sintering, brazing, interference fit, or other nethods.
Cutting endyd@4ssp@y al so include a sloped surface 118 connecf,'t-pﬂ, G648
cutting surface 108 and 5 cylindrical body 102. The s opeg surface
118 may be chanfered, radiused, beveled, or simlarly inclined. Referring
to FI GURES 12-13, another enbodi ment of a cutter insert 120 is shown.

Cutter insert 120 includes a generally cylindrical body H

froma hard and 10 wear -resi stant nmaterial such as c mmnﬂlﬂmﬁm
carbide. Cutter insert body 122 includes aimatting end 124 ahd ‘a Wasé 126
Cutting end 124 defines a generally conical cutting surface 128, which
extends slightly above the gage surface 24 when nounted therein. Conical
cutting surface 15 10.128heagage sbrisceangttingbelement 169¢ eset forzith in
180[err]. For Is oni t] S 1 t3d _ 1 l.§ a
plurality of ?ngéﬁlgu 'ar%%ﬁ%wégggoéééﬁ%gg-,%%E%fgﬁcé;n |d1ngs€1Le§%§2+F GPckd
paral | el with dagdamntrrial extenggerbatpntiaddy tama mmlplwme%%ge of

grooves 130-13223€ chical SAEIHY | AirBdééps or inserts 134-136 made from
an uItrashard and abrasion-resistant material, such as di anond,

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.

10 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
15 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

20 ~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
25 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
30 radiused in said conical cutting surface.

This Sheet Has Been Reﬂlilced _



polycrystalline dianmond, thernally stable polycrystalline di anond éTSP
cubi ¢ bor on WOx%738®10or ot her non-di anond ‘material that is ult rECHEPYZ
abrasion-resistant. 25 Rectangul ar inserts 134-136 are manufactured and
shaped to conformto grooves 130-132 to ensure a securfr+ft—“ﬁﬁéféﬁﬁﬁrgr_

ultra hard inserts 134-136 nmay be secured in grooves 13Q;: “F
brazing, interference fit, or other methods. Cutting en “ t“‘
i nclude a sl oped 30 surface 138 connectlng coni cal cngLsunfa%e 128

and cylindrical body 122. The sl oped surfdce 138 may be chanf er ed,
radi used, beveled, or simlarly inclined. Referring nowto FIGURE 14, a

cross- seotfon of 4 cut! ngrgl SHBA! 3¢ Buc 84 hGOUILRELEFEs et forth in

PCF/ US97/ 03812 ql)asmoﬂé. cwheregnelsaight plepadityFIafREha low igroavesuakey
applicable to cgfhipdacbeferh 2Qidf JIfdER TuttihgNBurtace.

5 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
10 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
15 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.

20
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.
25 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
30 claim 20, wherein said plurality of shallow grooves are
open-ended toward said conical cutting surface.

[
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el enent 70 of FIGURE 8, cutting elenment 100 of FIGURE 10, and cutting '

el ement 12Qu@brdzpsfRE 12. 5 In FI GURE 14, the thickpegfsofosgePt h
of ultra hard nmaterial 45 near the center of insert 30, [err] and near the

periphery, [err], are specifically shown. It is contenplated that the
thi ckness of ultra hard material 45 and thus the dept h of shall ow groove 41

be groater or Tese than [orf] it desired depending on NRAN INANNA M

formation and application. In particularg [err] may He §rebtet thart
[err] because the edges experience nore friction and nore mearlng t han t he
center of the cutting surface. Note that the 15 variation in ultra

hard material thickfess They dagepreediace ruilting eilgment i @eerget iforth in
cutting el ementy t#}; R ”Wh@?e?ﬁe%"{ﬁd ! gm%&%%ﬂ bfsgﬁasllcﬁ?f %Bb%s”%é 0

FI GURES 15- 18, configuration groove“may be varied nprove
endur ance of tw‘&ﬂténdzseneraéléfm eqpadyNE sna:pe%hﬁaéataﬁn é‘?%t?éhl?ﬁﬁ]t

of a groove gz ydH«ir ation for cutter el ement 30. Al t hough FI GURE 15
particugarly shows cutting element 30 of FIGURE 2, it is

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.

10 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
15 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
20 open-ended toward said conical cutting surface.

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

25 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.

30 '
_______________ 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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equal | y- applicable to cutting element 50 of FIGURE 5, cutting el enent 70 of
FI GURE 8, cWeOi9#35681 emrent 100 of 25 FI GURE 10, and cutti n§CIMUSIFAIBIA 20
of FIGURE 12. As shown by FI GURE 15, grooves 40-42 are radiused in conical

cutting surface 38 of cutting el enment 30. Elongated inserts =

manuf act ured and shaped to conformto the radiused grooves 40-42.

Accordi ngly, the 30 bul k of the ultra hard and abragj “mﬂ““ “\“!
material formng inserts 44-46 is provided at or near tﬁ“‘m «1Q
surface 38. As a result, the cutting el emepy 30 has an i*ncfeased cutting
ability at the beginning of its WO 97/ 35091

PCT/ US97/ 03812 11 life that exponentially decreases with wear to the

el ement 30. Referring nowrhe dddgdRudfacansiteingrdinsharant «f sewgrimaeh in
conflguratlonfégaﬁgtgst(aﬁggggnBQa& %H%M%Iity of shallow grooves are

dovetailed in said conical cutting surface.

5 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
10 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
15 .. 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.

20

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.

25 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.

30 - 40, The gage surface cutting elément, 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.
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5 Al though FIGURE 16 particularly shows cutting elenent 30 of FIGURE 2,
it i's equalweoapsioi cable to cutting el ement 50 of FIGURE 5, petis ﬂkfment
70 of FIGURE 8, cutting elenent 100 of FIGURE 10, and cutting elenent 120
of FIGURE 12. As shown by FI GURE 16, grooves 40-42 are squared-off 10

in conical cutting surface 38 of cutting el enent 30.—Erongated—itserts—

44-46 are manufactured and shaped to conformto the rec
40-42. Accordingly, the ultra hard and abrasion-resist}ﬂﬂ mﬂrﬁﬁn1ng
inserts 44-46 is evenly distributed throu ut the inse

result, the cutting elenment 30 has a unifOrmcutting: ablllty over |ts
life. F@ferrlng now to FI GURE 17, anot her enbodi nent of a groove

bart Sul ar 1y shows cEpChelBI R0 chheoligin MUY EL BEAL e
appl i cabl e t ocontachingl anshdesaldbf of | TUREreholetdunineg| remmtmnai sa@QRE
8, cutting el 5%@ s&Q@aeé ﬁgwag ;&Q 1AEC Yrld %ﬁ'&f%&ué&? 9£SE£95’REa£2

As shown by F , grooves are dovetailed in.conical cutting
surface 38 of @app,ﬁ@eepgﬂﬁﬁl (;utter inserts comprising:

5 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;
la'plurality of.shallow grooves formed in said conical
10 .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

15 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
20 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
25 160° 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
30 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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25 £l ongated inserts 44-46 are manufactured and shaped to conformto:
t he dovet ai W@ 93¥W8Ves 40-42. Accordingly, the bul k of the uPCFASRHPIIZNG
abrasion-resistant material formng inserts 44-46 is provided bel ow the
conical cutting surface 38. As a result, the cutting elenent 30 has a 30
decreased cutting ability at the beginning of its life that exponentially
increases with wear to the el ement 30. Moreover, the do

40- 42 provide increased retention by the cutting el enennmﬂlnmilnmﬂum“,
44-46. As =~ WD 97/ 35091 21 L
PCT/ US97/ 03812 12 a result, the inserts tend to wear down past the point

where they woul d break off in other configurations. Referring now to FI GURE
18, anot her enbodi méAt of Thegrdthte ohRPEEEat idfh F6F QAR dPeM1IM043:

shown. 5 AyhBoegh HRBS-FBi ¢ Cof Al Yeshaws nglHd Y h&meDtrdOhakrd

FIGURE 2, it is equally applicable to cutti | enen
cutggng gurggces wear successr:l.grepl TS

f
y to contfnuously present
a new cutting surface to cut and maintain a full diameter

5 bore hole.

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

10
46. The cutter insert, as set forth in claim 44,

wherein a leading cutting surface material is
polycrystalline diamond.

15 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

20 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

25 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

30 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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FIGURE 5, cutting element 70 of FI GURE 8, cuttlngwglenent 100 of FI GURE 1Q,
and ‘cutti nowgleaaggey 120 of FIGURE 12. As shown. hy FlI GURE 18, gi. RIYEFaf- 42
are open-ended 10 toward the conical cutting surface 38.of cutting

el ement 30. Elongated inserts 44-46 are manufactured and shaped to conform
to the open-ended grooves 40-42. Accordingly, the bul Ko

and abrasion-resistant material formng inserts 44- 46J
near -t he coni cal- 15 cutting surface 38. As a resul m&mu Eﬂﬁ“lu
el ement 30 has an increased cutting ability2at the beglnn

t hat exponentially decreases with wear to the el enent ' 30. Referrlng to

FI GURES 19A and 19B, a partial view of 20 roller cone cutter 20 is
shown as seen from BAe baEhet et&sr Lonsest, 2@$rﬁ¢ﬁdé§ﬁ$ﬁﬁ%%uﬁﬂ§ém 2 i n
whi ch a row Ofwﬁléi-éiﬂgsﬂéngﬂéﬁlbﬁ ?968%@@ ah@lc'slt‘i‘ﬂiﬁ O PN SRR B e
constructed in_accordance with

a(; Il Nngs O resent véent i on.
Cutter 20 rot a@é§m853ute’ﬁ:%"§]nt%‘Fb%‘k?%tQBllY t‘PoarrP%ﬁéP%l?ﬂécFasr% of said

rotation as indbogaatad. chatEhQUlEﬁEQ%ecuttlng el ements 22 are nounted in
t he 5
51. The cutter insert, as set forth in claim 41,

further comprising a sloped surface coupling said conical
cutting surface and said cylindrical substrate.

10 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,

15 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,

20 " 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,
25 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
30 said conical cutting surface.
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gage row such that the ultra hard inserts are generally perpendicular to
the directiwo®mspBtation. In other words, the axis of the BFTURIHEGSE
inserts is at 90[err] to the 30 - direction of cone rotation. Wen

nounted in this manner, a-plurality of successive CUW
by.al ternating hard and ultra hard naterials are pre to the rock
formation in the sidewal | of the borehol e. The hard rTa \“\““\
protect the ultra hard inserts from 974 35091 lm\\ \““““

PCT/ US97/ 03812 13 chi ppi ng danage caused by over expos the"ul fra hard
material to the sidewall of the borehole. Depending on the position of

ul'tra hard inserts, c;the lr?%dl ggtggg.e ﬂésgyEtl NG SURLack, ey lg_ﬁ1 t@ea@r dsor

ultra hard materi al : wears away, the next
cutting surfacwhpresentsglai metﬁgoéd@aﬁ@%ml’%‘éﬁ$ anBnﬁm@cﬁ‘r’Q‘ff@Jt
a full diametef,bgteRol@nical cutting surface.

5 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,
10 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
15 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.

20 .

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

25 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,
30 wherein said plurality of shallow grooves are open-ended
toward said conical cutting surface.
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In FIGURE 19B, the axis of ultra hard inserts in cutting el enents 22 a?e

oriented ogegrdsheq parallel with 10 respect to the di rec,té-gﬂ ﬁ,
rotation. In other words, the ultra hard inserts are at 0 to e |rect|on

of rotation. The resulting.cutting action is rake or .claw |ike. The _
interruption of the ultra hard cutting surface by thg,naLd,eu%f%ng“§ET?ece

as the | eading edge of the 15 cutting surfaces is presented rock
formation results in less friction and nore efficient \M‘&! !“\M
n

seen that cutting element 22 constructed &@dcordi ng t€ vention

may popul ate all sockets in the gage row or sel ected}sotkets therein
dependi ng on 20 the application and rock formation. Although t he
present invention @nd iThe aguitexgeitnaayt .bead @@fcr £psEh Minjecdiaim j 41,

shoul d be undgpsi-ood tslaee wu%@paaleehﬂqwléyéw% ahe Eédﬁ;@dlaﬁa
can be made therein_w thout girtln fromthe spirit and scope of the 25

i nvention as YRREFRYULIByIRNBANBAdNIEP3SeS 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.

This Sheet Has Been Re
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14 WHAT-IS'CLAIMED IS: 1. A gage surface cutting element for a cutter in a
rol |l er cone woiorBs091t , conprising: a generally cylindrical bo®¢TUSSWEIBIDf a
hard and 5 wear -resi stant material and having a cutting end, said
cutting end having a generally conical cutting surface su '
per.pendi cular to a longitudinal axis of said cylindric . lurality
of shal l'ow grooves forned in said conical. 10 cuttﬂ'ﬂ'@@"tﬂ#&lﬂ“‘”
plurality of strips of an ultra hard materi havi ng a shape ot iflle
conformng to said shall ow grooves, said stfTps defining cutting surfaces
substantially in line with said conical cutting surface; 15 : sai d
hard and wear- resi stant DRIET Qe 3REGRLL I ALY TRLEEL 2SRRI R,
plurality of alternati’ng hard and ultra hard el ongated cufting surfaces and
a smal |l angl e ofhexepnoseidnpluradipyceit ghalipwegapbbves argodenNstailgsd in
said conical cutting surface.

5 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,
10 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
15 in said conical cutting surface. '

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

20 ' |

‘78. The cutter insert, as set forth in claim 41,
wherein said plurality of shallow grooves are open-ended
toward said conical cutting surface.

-
heet Has Been Reﬁaced _
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wherein said conical cutting surface has an angle 20 bet ween 160[ efr]
and 180. 2.wo d7Ra86¢! | ed. AMENDED SHEET 15 3. The gage surgc¢gse/osg12n9

el enent ,

as set forth in claim1, wherein a plurality of the cutting

elements are interference fitted into sockets forned LILllELLEEEijﬁHjéE¥i
the cutter, the cutting elenents being oriented so that 5 a plurality
of alternating hard and ultra hard cutting surfaces ar

' y
perpendi cular to the direction of cutter rotation. 4. ﬂ!ﬂﬂimgmmmﬁﬂmr

cutting elenent, as set forth in 10 claém 3, wherein s

id-plturality o

alternating hard and ultra hard cutting surfaces wear successively
continuously present a new cutting surface to cut and maintain a_ful

di anet er

10

15

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,

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.

This Sheet Has Been Reﬁaced

of

f
to

bore hole.79. A roller cone drill bit having a conical cutter

said strips defining cutting surfaces substantially in line



15 5. 'm%gaﬁﬁ’@'surface cutting elenment, as set forth in claim4,
wherein a leading cutting surface is of the hard material. 6. The gage

surface -cutting elenent, as set forth in 20 claim4, wherein aPCPUSIMBg;2
cutting surface is of the ul =pard material7/¢ 7. The gage surface
cutting el ement, j@t fart wherein a plurality of_the
cutting,el errent, are i'nteff nto sockets forned i f%’gag?
surface of the tter, the s being oriented so that 5° a
plurality of alte naf# ng ha rd cutting surfaces afle ngsally
defined parallel wth'nge er rotationyp8. 44e gage

surface* cutting elenent, a claim 7, g sf

plurality of alternating h dcuttingcﬁjrface

maintain a full dianeter hol e r | aw- | i ke 1\i~ng AC

N




9. .The gage surface cutting elenment, as set forth in 15 claim1l,
wherein a phwoadssdoyr of the cutting el enents are interference pai/selo3gR20
sockets fornmed in the gage surface of the cutter, the cutting elenents
being oriented so that an axis of said ppyglity of strips of ultra hard
material is orignted at an angle between O[err] to 90[err], inclusively, to
20 the direé®t\on of cutter rotation. 10. Thesgage surfiaes—esili ng

el ement, as sgf f rein said Qjad;o ’
of ultra hardridrial extend substfamfjially to a p#&)
said conical cuttflfijng surface Uz 4N A gagg surfage. cut
a tutter in %OH er cone drill bif, npri si aer;. -
body f ornmed alllard and wear -resj stlapt nat eM~al AT ,
said 5 cuttifpfl end havi ng a geperjally conical
) .
= | S
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substantial'ly perpendi cular to a longitudinal axis of said cylindrical
body; a pl umedotyseof shal |l ow grooves forned in said conical cwOT/UE7/03812

surface; 10 a plurality of strips of an ultra hard material having
a shape and profile conformng to said shgjfgow grooves, said strips
def.ining cutting surfaces substantially if line with said conical cutting
surface; said d and wear-re8 stant material and said ultra 15 har d
mat eri al definlng‘a pIuraI|ty_f alternatlng hard agd ed

ppr oach V\nth_r'_s to a sidewapl
ed surface pling said c_nlc.aJ._cm_t ifa
20 12. The Page sur fQe t el enent , Es t

cutting surfaces afff_
of a borehole; and] &\s
and said cylindri

)

forth in clai at | east pn f saidwhungylity_of shal | ow §r op¥es
has+ varyi ng d&h ‘I ongits length.|25 13} THe<gage surfacd
cutting elenment, g@ssset forth in clainmd, wherein gaid plurality of shalTlow
grooves are ' - w
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___edgeof said conical cutting surface. 18 14. The gage surface cutting
el enment, as set forth in claiml, wherein said plurality of shall ow grooves
are S%Lﬂﬂ'ﬂ!ﬂ near a center of said gonical cutting surface than near a
perip y edge of said conical cut t"i;n’g surface. 5 15. The gage surface
cutting elenent, as set forth in claim1, wherein said plurality of shallow
grooves are elongated and generally parallel with one another. 10
16. The gage surface cutting elenent, as set forth in claim 15, wherein
said plurality of shall ow grooves are radi used jR~3aid conical cutting
surface. 17. The gage surface cuttxs steneni .z At farth in 15 claim

15, wherein said plurality of sheg 2 Sowareeof f in said
coni cal cutting surface. / m \
@

20

)

FIG. 194




18. The gage surface cutting el enent,

said plurali

as set forth in claim15, wherein
ty of shall ow grooves are 20 dovetailed in said conical-

cutting surface. 19. The gage surface cutting el egﬁﬁ pgﬁyezﬂ?So&aad

claim15, wherein said plurality of shallow groov

sai d coni cal

cutting surface. AVENDED SHEET 19 2? mq.su o6
cutting elenment for a cutter in a roller cone drill B pdi Qi.nbel&ﬁf

generally cylindrical body formed of ‘a hard and wear-resistant material

having a cutting end, said 5 cutting end havi ng—a—geﬂe{—aJ—I—y_conmaL

and

cutting surface substantially perpendicular to a | ongjtudi nal axis of said

cut;[i ng. surfggg?/; a plurality of shallowgrooves for nH ,"H"HHIH”ﬂm”mI

cylindrical

10

15

.2(?

. [
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, éaid
cutting end having a genefally 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 profile conforming to said shallow grooves,
said strips defi:iing. cutting surfaces substantially in line
with said conical cutting surface; |

said hard .and wear-resistant méterial and said ultra
hard material defining a.piurality of alternating hard and
ulﬁ:a hard elongatéd cutting surfaces and a small angle of
approach with respect to a sidewall of a borehole; and

wherein said conical cutting surface. has an angle

between 160° and 180°.

2. Cancelled.

AMENDED SHEET



10 a plurality of strips of an ultra hard material havi ng a shape
and profile conform ng to said shall ow grooves, said strips defining

cutting surfaces substantially in line with said coni t iy ls 2
said hard and wear-resistant material and said ultra %%E ﬁ
defining a plurality of alternating hard and ultra h I t

surfaces and a snmall angl e of approach with respect to a sidewall of a
borehol e; and wherein said plurality of shallow grooves are circular and
general ly concentric with one another. 20 21. The gage surface cutting
element, as set forth in claim20, wherein said pl ulra“m" "'l '[

grooves are radiused in said conical cut tisng surfac:e “ ”I ﬁmmall The
gage surface cutting elenment, as set forth in claim?20, ‘khertei A s&id
plurality of shallow grooves are squared-off in said conical cutting

surface. AVENDED $FEhhe 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
5 a plurality of altemating' hard and ultra hard cutting
surfaces are defined generally perpendicular to the

direction of cutter rotation.

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

10 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.

15 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

20 - claim 4, wherein a leading cutting surface is of the ultra

- hard material.



20_53.I ThF_gagefsuLf?fe cutting elenment, as set forth in claim20, wherein
said plurality of shallow grooves are dovetailed in sgy i '
'slurfac.e. 5 24. The gage surface cutting el emv,i?gsgzzﬁaa Bglr‘z
claim 20, wherein said plurality of shall ow grooves owar.d
said conical cutting surface. 25. The gage surface cmsmm&f iggiet

forth in 10 claim1, wherein said plurality of shallow grooves are
curved and generally in equally spaced relation w 26. The
gage surface cutting elenent, as set forth in 15| cl ai m 25, wherein said

TR

27. The.gage surface cutting elenment, as;get for; W
said plurality of shallow grooves are 20 squar ed- o i n"saffd toni cal
cutting surface. 28. The gage surface cutting elenent, as set forth in

cl'ai m 25, wherei nsai dupl yrali Ly ol Shall O SPURSAE! Cas set forth in

claim 1, wherein a plurality of the cutting elements are

plurality of shallow grooves are radiused in sai F Hw’%
h
f

interference fitted into sockets formed in the gage surface
of the cutter, the cutting elements being oriented so that
5 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
10 claim 7, 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.

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

15 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 éxis of said plurality of strips of ultra hard material

is oriented at an angle between 0° to 90°, inclusively, to

20 the direction of cutter rotation.

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

25 said conical cutting surface.

MNDED



dovetailed in said conical cutting surface. 25 29. The gage surface cutting
el enment, as set forth in claim25, wherein said pIuraIity of shallow

gr'ooves are open-ended toward said conical cutting 81 ?
gage surface cutting elenment for a cutter in a roll ‘g?uggﬂ
conprising: a generally cylindrical ‘body forned of a 1 1997

wear -resi stant material and having a cutting end, said 5 cuttlng end
having a generally conical cutting surface substanTTHTTy—pETpendrtufaT to a

| ongi tudinal axis of said cylindrical body; a pIuraI ooves
formed in said conical cutting surface; 10 !E m Ijmligrl ps
of an ultra hard material having a shapg7and proflle*

shal | ow grooves,

11. 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
5 cutting end having a geﬁerally conical cutting surface
substantially perpendicular to a longitudinal axis of said
- cylindrical body;
n a plurality of shallow grooves'fofmed in said conical
cutting surface;
10 a plurality of strips of an ultra hard material having
a shape and profile conforming to said shallow grooves,'
said strips defining cutting surfaces substantially in line
with said conical cutting surface;
said hard and wear-resistant material and said ultra
15 hard material defihing 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; and
a sloped surface coupling said conical cutting surface

and said cylindrical body.

20
. 12. The gage surface cutting element, as set forth in
claim 1, wherein at least one of said plurality of shallow
grooves has varying depth along its length.
25 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.

AMENDED SHEET



said strips defining cutting surfaces substantially in line with said
conical cutting surface; said hard and wear-resistant materi al and said.

ultra 15 hard material defining a plurality of mt' g 1
ultra hard elongated cutting surfaces and a small a g; rgﬂ:’ﬁ] h2
respect to a sidewall of a borehol e; and wherein sgi [ | ow
grooves are generally parallel with one another angﬁmggipqﬁ-zm7
staggered pattern. 31. The gage surface cutting elenent, as set forth in
claim 30, wherein said plurality of shall ow grooves are radi i |

conical cutting surface. 25 32. The gage surface cut?ti set
forth in claim30, wherein said pluralitygof shallow g”ﬂ mﬁ' ”’"ﬁ”m
squared-off in said conical cutting surface. AVENDED SHE L ow sy
14. The gége surface cutti.ng 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.

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

radiused in said conical cutting surface.

17. The gage surface cutting element, as set forth in
15  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

20 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-endéd toward said conical cutting surface.

AMENDED SHEET



22 33. The gage surface cutting elenment, as set forth in claim30, wherein
sai-d plurality of shallow grooves are dovetailed in said conical cutting

surface. 5 34. The gage surface cutting ele
claim 30, wherein said plurality of shall ow grooves ams?g?ejm

sai-d conical cutting surface. 35. The gage surface c Iaa GT4997H

forth in 10 claim1, wherein said plurality of shallow grooves are
radi used in said conical cutting surface. 36. The gage\smﬁee\cwm
el ement, as set forth in claim1, wherein said plurali shal | ow g
are 15 squared-off in said conical cutting sur f ac m

surface cutting el ement, as set forth i n1(‘9I aiml, V\,Hereﬂ mmyﬂy of

shal | ow grooves are dovetailed in said conical cutting surface. The

gage surface cutting element, as set forth in claim1l, wherein said

pl Ural ity of shall oy gfogves are-openepded t oyard: sapd; conical custi ng

roller cone drill bit, comprising:
a generally cylindrical body formed of a hard and
wear-resistant material and having a cutting end, said
5 cutting end having a generally conical cutting surface
substantially perpendicxilar to a longitudinal axis of said
— cylindrical body;
a plurality of shallow grooves formed in said conical
cutting suffacie,- _

10 a plurality of strips of an ultra hard material having
a shape and profile conforming t'o_ said shallow grooves,
said strips defining cutting surfaces substantially in line
with said conical cutting surface;

_ said hard and wear-resistant material and said ultra

15 hard material defining a plurélity of alternating hard and
ultra hard elongéted cutting surfaces and a small angle of

approach with respect to a sidewall of a borehole; and

wherein said plurality of shallow grooves are circular

and generally concentric with one another.

20
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.
25 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.

AMENDED SHEET



25 _ - 39. The gage surface cutting elenent, as set forth in claiml,
wherein said wear-resistant hard material is cenented tungsten car bi de and

the l@??i ?

said ultra hard material is polycrystalline dianond
surface cutting elenent, as set forth in claiml,

el'ement is interference fitted into a socket so that
surface is generally above the gage surface. 5 24 41. |

drill bit having a gage surface contacting a sidewall of a borehol e duri
operations, said gage surface having at |east one rompgi—euttET’THEE?tE%

n arol

52T QG997

ng |
at

o (N

23. The gage surface cutting elemeht, as set forth in

claim 20, wherein said plurality of shallow

dovetailed in said conical cutting surface.

5 24. The gage surface cutting element, as

claim 20, wherein said plurality of shallow

grooves are

gset forth in

grooves are

. open-ended toward said conical cutting surface.

25. The gage surface cutting element, as

10 claim 1, wherein said plurality of shallow

set forth in

grooves are

curved and generally in equally spaced relation with one

another.

26. The gage surface cutting element, as
15 . claim 25, wherein said plurality of shallow

radiused in said conical cutting surface.

27. The gage surface cdtting element, as
claim 25, wherein said plurality of shallow

20 squared-off in said conical cutting surface.

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

25
29. The gage surface cutting element, as

claim 25, wherein said plurality of shallow

set forth in

grooves are

set forth in

grooves are

set forth in

grooves are

set forth in

grooves are

open-ended toward said conical cutting surface.
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5 | east one of said cutter inserts conprising: a generally cylindrical
substrate fornmed of cenented carbide and having a cutting end, said cutting
end having a general Iy conical cutting surface substaF{ﬂ%ﬂ] qpﬁhj qp 1

| ongi tudi nal axis of said.cylindrical substrate; ﬂ: E 7@ 2
shal | ow grooves forned in said conical cutting sur ENUS;MaQ f '
strips of polycrystalline dianond having a shape and profile conformng to
sai d shal | ow grooves, said polycrystalline dianmond stTips defining 15
cutting surfaces substantially in line with said conic

defined by said cenented carbide substrate; said coni cﬁ“ﬂg m “ﬂ“m‘
defined by said cenented carbi de substragije and said po stal i ne #annnd

strips formng a plurality of alternating hard and ultra hard 20
el ongated cutting surfaces and a small angle of approach w th respect to

the sidewal | of t p 0
' o %b[er%‘gds%é@%ﬂﬂn?'eqa@Hé%ofl& i SUrifiaGe has

an angl e between
roller cone drill bit, comprising:

a generally cylindrical body formed of a hard and
wear-resistant material and having a cutting end, said
5 cutting end having a -geﬁer_ally conical cutting surface
substantially perpendicular to a longitudinal axis of said
cylindrical body; | | |
a plurality of'shéllow grooves formed in said conical
cutting surface;

10 a plurality of str;ps of an ultra hard material having
a éhape and profile conforming to said shallow grooves,
said strips defining cutting surfaces substantially in line
with said conical cutting surface;

said hard and wear-resistant material and said ultra

15 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; and

wherein said plurality of shallow grooves are
génerally parallel with one another and arranged in a

20 staggered pattern.

3.1. The gage surface cuttirig element, as set forth in
claim 30, wherein said plurality of shallow grooves are
radius'éd"in said conical cutting surface.

2 .

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.

AMENDED SHEET



42. Cancel | ed. 43. The cutter insert, as set forth in clain141} wherein a
plurality of the cutter inserts are interference 5 fitted into sockets

formed in the gage surface of the cutter, the cutter g b N iR 3?
so that a plurality of alternating hard and ultra harﬁejﬁggngzﬁﬂ;gegri
are defined generally perpendicular to the direcig t

rotation. 10 44. The cutter insert, as set forth m‘MS?MLngT
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 dianeter 15 bore hol e. 45. The cut i , t
forth in claim44, wherein a | eadi ng cutgpng surface matI [“M"mi' (H'Iimliﬁ
carbi de. 20 o et L OMos ow

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.

5 . 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
10 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

15 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.

20
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. '
25 ' 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.
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46. The cutter insert, as set forth in claim44, wherein a |eading
cutting surface mat eri al is polycrystalline di 26 47 .The
cutter insert, as-set forth in claim4l, wherein a p?ﬁ&dl/”ﬂ/ ﬂ?&;rz
inserts are interference fitted into sockets forned PEAM sur f
the cutter, the cutter inserts being oriented so thJ gél]p 'El]gd97of
alternatlng hard and ultra hard cutting surfaces are generally define
parallel with the direction of cutter rotation. 48. The-cutter insert, as
set forth in claim47, 10 wherein said plurality of alternating hard
and ultra hard cutting surfaces cut and maintain a full ﬂlmﬂmlm "
with a clawlike cutting action. 49. 3Be cutter insert ,m mr
claima4l, 15 wherein a pIurallty of the cutter inserts arfe tnt®rference

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.

AMENDED SHEET



fitted into sockets forned in the gage surface of the cutter, the cutter
I nserts being oriented so that an axis of said pIuraIity of polycrystalline

difanond strips is oriented at an angle betmeen
to the 20 direction of cutter rotation. ﬁ gri b}aéi@
farth in claim.41l, wherein said shaIIOM/grooves and stuag

polycrystal li ne di anond extend substantially to a peri ilfﬁiébldﬁcaéﬂﬂg?s

coni cal cutting surface. 51. In aroller cone drill bit having a gage
surface contacting a sidewall of a borehole during operations, said
surface having at | east one row of cutter inserts, at'T?ﬁEﬂ'?iﬂ?Tﬁr?éﬁ%¥i_
cutter inserts conprising: 5 a ggnerally cylin

formed of cenmented carbide and having a cutting end, sa(ﬂ““ﬁ:m‘ m“ulm “l‘
having a generally conical cutting surface substantlally snormak th

| ongi tudinal axis of said cylindrical substrate;

"41. 1In 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

5 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 cylindricél substrate;

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

a plurality of strips of polycrystalline diamond
having a shape and pfofile conforming to said shallow
grooves, said polycrystalline diamond strips defining

15 cutting surfaces substantially in line with said conical

cutting surface defined by said cemented carbide substrate;

o said conical cutting surface defined by said cemented

carbide substrate and said polycrystalline diamond strips

forming a pltirality'. of aZ_Lternating hard énd ulﬁra hard

20 elongated cutting surfaces and a small angle of approach
with respect to the sidewall of the borehole; and

wherein said conical cutting surface has an angle

between 160° and 180°.

-
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a plurality of shallow grooves forned in said conical 10 cutting
surface; a plurality of strips of polycrystalline dianond having a shape

and profile conformng to said shall ow grooves, sg t '
di anond strips defining cutting surfaces substant mﬁgcﬁ)m;‘n}m;%

Cai'd coni cal cutting Suriace defined by said comol EAVOD B BOCI9% o and

said polycrystalline dianond strips formng a plurality of alternating hard
and ultra hard elongated cutting surfaces and a small angle of approach 20

with respect to the sidewall of the borehole; and astoped—surface—<coupling

sai d conical cutting surface and said cgégukical su e
cutter-insert, as set forth in claim41,~725 wher ﬂi!ﬂﬂﬂ ﬂ"t& of
gaid....plurality of shal |l ow grooves has varyi ng dep s t h.

42, Cancelled.

43, The cutter insert, as set forth in claim 41,
wherein é'plurality of the cutter inserts are interference
5 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 defiﬁed generally perpendicular to the

direction of cutter rotation.

10

44. The cutter insert, as.set forth in claim 43,
wherein said plurality of alternating hard ahd ultra hard
cutting surfaces wear successively to continuously present
a new cutting surface to cut and maintain a full diameter

15 bore hole.

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

20

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

wberein a leading cutting surface material is

polycryst;lline diamond.
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53. The cutter insert, as set forth in claim4l, wherein said plurality
of . shal | ow grooves are deeper near a center of said conical cutting surface
than near a periphery edge of said conical cutting surface. 29 54. In

aroller cone drill bit having a gage surface contact gb gg
borehol e during operations, said gage surface having m@’gt e/rg 831 2
cutter inserts, at |east one of said cutter inserts cMs;gdﬂ%g 37
a generally cylindrical substrate formed of cenented r ingg
cutting end, said cutting end having a generally coni j
substantially normal to a |longitudinal axis of said cylindrical substrate

Stace ' prurarity or Soree of poryersZratt ne. o ahAnu] I M URYAAN

. 47. The cutter insert, as set forth in claim 41,
wherein a plufality of the cutter inserts are interference
fitted into sockets formed in the gage surface of the
cutter, the cutter ihse:ts being oriented so that a

5 plurality of alternating hard and ultra hard cutting
surfaces are generaily defined parallel with the direction

- ‘of cutter rotation.

48. The cutter insert, as set forth in claim 47,
10 wherein said plurality of alternating hard and ultra hard
cutting surfaces cut and malntaln a full dlameter bore hole

with a claw-like cuttlng action.

49, The cutter insert, as set forth in claim 41,

15 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

20 direction of cutter rotation.

_ 50. 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

25 conical cutting surface.

AMENDED SHEET



having a shape and profile conformng to said shallow grooves, said
polycrystalline dianmond strips defining cutting surfaces substantially

inline with said conical 15 cutting surface defi § ;ﬂ nt ed
carbi de substrate; said conical cutting surface defi m'-sy feéglﬂq 2
carbi de substrate and said pol ycrystalline di anond P§W$ '

plurality of alternating hard and ultra hard el ongate %131 gg:r?z;lgg] and
a small angl e of approach 20 with respect to th idewal | of the
borehol e; and wherein said plurality of shalIom1grogggg_a?ﬁ*EﬁérfUWEF—ﬂear
a center of said conical cutting surface than near a ] f of said
conical cutting surface. 25 55. 57 The cutterﬂmugm," § ,Lorth
in claim41l, wherein said plurality of s%allom1groove§ arce el om ind

generally parallel with one another. 30 56. The cutter insert, as set

forth in claim5 ;
531. 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 corﬁprising:

5 a generally cylindrical substrate formed of cemented
carbide and having a cutting end, said éutting end having

- - a generally conical cutting surface substantially normal to

~e _ a longitudinal axis of said cylihdrical substrate;
» ~ a plurality of shallow grooves formed in said conical,
10 cutting surface;

a plurality of strips of polycrystalline diamond
having a shape and pﬁ:‘ofile conforming to said shallow
grooves, said polycrystalline diamond strips aefining
cutting surfacés substantiall.y in line with said conical

15 cutting surface defined by said cemented carbide substrate;
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

20 with respect to the sidewall of the borehole; and
a sloped surface coupling said conical cutting surface

and said cylindrical substrate.
52." The cutter insert, as set forth in claim 41,

25 wherein at least one of said_plurality of shallow gfooves

has varying depth along its length.

AMENDED SHEET



wherein said plurality of shallow grooves are radiused in said conical
cutting surface. 5 57. The cutter insert, as set forth in claim
55, wherein said plurality of shallow grooves are s ed off in said

coni cal cutting surface. 58. The cutter insert, as K? QﬁgiSz
1Q wherein said plurality of shall ow grooves are dovet ailed’i

conical cutting surface. 59. The cutter insert, as *gw% irﬂpw
wherein said plurality of shall ow grooves are open-ended 1 sai d
conical cutting surface. 60. The cutter insert, as set forth in ctrai m4l,
wherein said plurality of shall ow grooves are circul a

concentric with one another. 20 61. The ggtter i nsert[ lﬂﬂmngm’d M

cl ai m-60, wherein said plurality of shall ow grooves are radiwsea

conical cutting surface. 25 . 62. The cutter insert, as set forth

i'n ol ai m 60, whergyn Sapgh PLUEebit % fe:hal LOWaULOBER IR £n SRR f

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.

-~
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in said conical cutting surface. 63. The cutter insert, as set forth
in claim60, wherein said plurality. of shallom/groove re dovetalled I n
said conical cutting surface. 5 '64. The cutt IIU r}tauc;eg

forth in claim®60, wherein said plurality, of shaIIoTP S are
toward said conical cutting surface. 65. The cutter ggﬁﬁ] 'F

in claim4l, 10 wherein said plurality of shallom/grooves are cu

and generally in equally spaced relation with one another. 66. The cutter
insert, as set forth in claim®65, wherein said pIura%%ty‘ef‘§ﬁaTT6ﬁ7§réoves
are radiused in 15 said conical cutting surface.

insert, as set forth in claim®65, whereinggsaid pl uraI ﬂi““‘)-mmﬂnmﬁﬂmooves
are squared off in said conical cutting surface.

54. 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_insefts comprising:

5 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 ef shallow grooves formed in said conical,
10 cutting surface; ,

a plurality of strips of polycrystalline diamond
having a shape and profile conforming to said shallow
grooves, eaid polycrystalline diamond strips defining
cutting surfaces substantially in line with said conical

15 cutting surface defined by said cemented carbide substrate;
..... said conical cutting surface defined by said cemented
;: carbide substrate and said polyerystalline diamond strips
forming a plurality of alternating hard and ultra hard
elongated cutting sﬁrfaceé and a small angle of approach

20 with respect to the sidewall of the borehole; and

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.

25 55. The cutter insert, as set forth in claim 41,
wherein said plurality qf.shallow grooves are elongated and

generally parallel with one another..
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68. The cutter insert, as set forth in claim®65, wherein said plurality
of -shal | ow grooves are dovetailed in said conical c w0 SURfHC .
69. The cutter insert, as set forth in claim65, \MlPecI? 29?;/80358&2)1‘
shal | ow grooves are open-ended toward said coni cal ip surface.

70. The cutter insert, as set forth in claim4l, wh i21p00TR I]997of
shal | ow grooves are generally parallel with one another and arranged in a

staggered pattern. 5 71. The cutter insert, as set forth in claim 70,
wherein said plurality of shallow grooves are radi used I n sald conical

cutting surface. 10 72. The cutter insert, aim
70, V\/nerel n said plurality of shallow grgpves are squa lll H lfl "II"”"

56. The cutter insert, as set forth in claim 55,

wherein said plurality of shallow grooves are radiused in

said conical cutting surface.

5 57. The. cutter insert, as set forth in c¢laim 655,
wherein said plurality of shallow grooves are squared-off

in said conical cutting surface.

» 58. The dutt_er insert, as set forth in claim 55,
10 wherein said plurality of shallow grooves are dovetailed in

said conical cutting surface.

59. The cutter insert, as set forth in claim 55,
wherein said plurality of shallow grooves are open?ended

15 - 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.

20 |
61. The cutter insért,_ as set forth in claim 60,
wherein said plurality of shallow grooves are radiused in
said conical cutting surface.
25 62. The cutter insert, as set forth in claim 60,

wherein said plurality of shallow grooves are squared-off

in said conical cutting surface.
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in said conical cutting surface. 73. The cutter insert, as set forth in
cl.aim 70, 15 wherein said plurality of shall ow grooves are dovetail ed
in said conical cutting surface. 74. The cutter i ns@r gjgﬁg ]] ?
claim 70, wherein said plurality of shall ow grooves end

toward said conical cutting surface. 75. The cutter §?lsggragw
in claim4l, wherein said plurality of shallom/grooves are-r S I d
conical cutting surface. 25 76. The cutter insert, as set forth in claim-

41, wherein said plurality of shallow grooves are squared—eff—n-—said
onlcal cutting surface. 33 77. The cutter insert, as set forth in claim

48, vherein said plural ity of ‘shailow granves are dovetai I I I

-

63. The cutter insert, as set forth in claim 60,
wherein said plurality of shallow grooves are dovetailed in

said conical cutting surface.

5 64. The cutter insert, as set forth in claim 60,
wherein said plurality of shallow grooves are open-ended

toward said conical cutting surface.

> 65. The cutter insert, as set forth in claim 41,
10 - wherein said plurality of shallow grooves are curved and

generally in equally spaced relation with one another.

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

15 said conical cutting surface.

N ' 67. The cutter insert, as set forth in claim 65,
wherein said plurality of shallow grooves are squared-off

in said conical cutting surface.

20 |
68. The cutter insert, as set forth in claim 65,
wherein said plurality of shallow grooves are dovetailed in
said conical cutting surface.
25 ____69. The cutter insert, as set forth in c¢laim 65,

wherein said plurality of shallow grooves are open-ended

toward said conical cutting surface.
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said conical cutting surface. 5 78. The cutter insert, as set
faorth in claim41l, wherein said plurality of shall ow grooves are open-ended

toward said conical cutting surface. 34 79. Ar ' [
having a conical cutter assenbly with an inproved Péggzuﬁiﬁgc? urbt$rga
el-enment for actively cutting a sidewall of a boreho d ST ARG
generally cylindric formed of a hard and 5 'PEm&ilaﬁJ]ﬁgS?
material a aV|ng ac end, said cutting end having a generally
coni cal cutti W@@Q ~an angl e between 160 and 180[err], said
coni cal cuttlEﬂ» ng substantially perpendicular to a Iongltudlna
axis of said i fdr tcal body; 10 32 a plurality of shall ow grooves

formed in said conlcal cutting surface; a plurality of strips of an ultra
hard material having

70. The cutter insert, as set forth in claim 41,
wherein said plurality of shallow grooves are generally

parallel with one another and arranged in a staggered

pattern.
5 .

71. The cutter insert, as set forth in claim 70,
wherein said plurality of shallow grooves are :adiused in
said conicai cutting surface. '

iO 72. The cutter insert, as set forth in claim 70,
wherein said plurality of shallow grooves are squared-off
in said conical cutting surface.

73. The cutter insert, as set forth in claim 70,

15 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

20. 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 ééniéal cutting surface.

25

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

in said conical cutting surface.
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a'shapé_and profile conform ng to said shall ow grooves, said strips
defining cutting surfaces substantially in line 15 w th | el
cutting surface; and said hard and wear-resistant nmlus g? Zaﬁ$8:1rg
hard material defining a plurality of alternating hard and ultra hard

cutting surfaces and a small angle of approach wth‘pEAyHnS 2{1)@0(1' wgiwall

of the borehole. 20

S

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

said conical cutting surface.
5 78. The cutter insert, as set forth in claim 41,

wherein said plurality of shallow grooves are open-ended

- - toward said conical cixtting surface.

AMENDED SHEET



| | PCT/US 97 /03812
. . IPENUS 21 uu 1 1937

- | so (AN ORL NN v

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

5 wear-resistant material 'and having a cutting end, said
cutting end having a genérally conical cutting surface
. having an angle between 160° Iand 180°, said conical cutting
surface being substantially perpendicular to a longitudinal
axis of said cylindrical body; -
10 a pluralitir of shallow grooves formed in said conical
cutting surface; '
a plurality of strips of an ultra hard material having
a shape and profile conforming to said shallow grooves,
. said strips defining cutting surfaces substantially in line
15 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 thé sidewall of the borehole.
20

AMENDED SHEET



1POS Phe‘tUC()Pf@d ,

AR

DA

WP
LD

PCT _ WORLD mm%la m?gm ORGANIZATION |

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) Internationsl Patent Classification 6 : (11) International Publication Number: WO 97/3509
' Al

E21B 10/16, 10/50 (43) International Publication Date: 25 September 1997 (25.09.97
(21) International Application Number: PCI‘IUS971038/12 (81) Designated States: CN, GB, MX, SG‘/
(22) International Filing Date: 12 March 1997 (12.03.97)

Published
With international search report.
(30) Priority Data:
08/628,534 uUs

21 March 1996 (21.03.96‘)/

(71) Applicant: DRESSER INDUSTRIES, INC. [USIUS];‘Z/OOI
Ross Ayrrue. Dallas, TX 75201-2916 ¢US).

(72) Inventors: GUM, Robert, C.'./2702 Red Oak Drive, Grm
Prairie, TX 75052 ,((IS). VANDERFORD, William, D.;y
1922 Muret, Irving, TX 75062 4US). DENNIS, Thomay
M.; 7519 Basswood Forest, ﬁb{s(:)]n TX 77095 (US).

(74) Agent: FELGER, Thomas, R.; Baker & Botts, L.L.P., 2001
Ross Avenue, Dallas, TX 75201-2980 (US).

(54) Title: ROLLER CONE GAGE SURFACE CUTTING ELEMENTS WITH MULTIPLE ULTRA HARD CUTTING SURFA

(57) Abstract

A gage surface cutting element (22, 30, 50, 70, 100, 120)
for a cutter (20) in a roller cone drill bit (10) has a generally
cylindricat body (32, 52, 72, 102, 122) formed of a hard and wear-
resistant material. The cutting end (34, 54, 74, 104, 124) of the
cutting element (22, 30, 50, 70, 100, 120) has a generally conical
cutting surface (38, 58, 78, 108, 128) substantially perpendicular to
a longitudinal axis of the cylindrical body (32, 52, 72, 102, 122).
A plurality of generally parallel shallow and elongated grooves
(40-42, 60-63, 80-82, 110-112, 130-132) are formed in the conical
cutting surface (38, 58, 78, 108, 128), and a plurality of elongated
strips of an ultra hard material (44-46, 64-67, 84-86, 114-116,
134-136) is disposed in the grooves. The result is a conical cutting
surface (38, 58, 78, 108, 128) that has alternating hard and ultra
hard cutting surfaces that can be oriented at 0°, 50°, or any angle
in between with respect to the rorational direction of the cutter cone
(20).




