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(57) Abstract

A drill bit (10) includes at least two truncated conical cutter
assemblies (20) rotatably coupled to support arms (18). The truncated
conical cutter assemblies (20) are frusto-conical or conical frustoms
in shape, with a back face (60) connected to a fiat truncated face (22,
62) by conical sides. Primary cutting elements (24) are arranged in
a predetermined pattern on the flat truncated face (22, 62). The teeth
(26) of the cutter assemblies (20) are spaced from cutting elements
(24) of other cutter assemblics (20). The primary cutting elements
(24) cut around a conical core rock formation (40).in the center of the
borehole, which acts to stabilize the cutter assemblies (20) and urges
them outward to cut a full-gage borehole. Secondary cutting elements
(52) are mounted in the downward surfaces of a dome area (50). The
secondary cutting ¢lements (52) cut down the free-standing core (42)
when the bit (10} advances.




AND DOVE AREA CUTTER | NSERTS TECHNI CAL FI ELD OF THE | NVENTI ON

This invention is related in general to the field of drill bits. Mire
particularly, the invention is related to a rotary drill bit with
truncated rolling cone cutters and 5 done area cutter inserts.
BACKGROUND OF THg o ddehd ! ON In the field of expl or gicramediidhe
production of oil and 10 gas, one type of drill bit or rock bit used for

drilling earth borehdl es I ary cone drill
bit. The typical rotary c &hphﬁggbn%fwémnpléé a multiplicity

of rolling cone cutters rot %%95%‘?@”%% _______ ta pap,,,@x_t_:c_a_pd downwar dl y and

inwardly with respect to th i1l bit. The
rolling cone cutters may hg¥é Ciaimis)  FiResedy- teepﬁle? cu ter inserts di sposed
on each cutter in pr gde e atiseths. ... 9Teepr.edeti ned teeth or

I nsert. pattern of eaalr:relding :qens cULt @rn2e€ . typlcal ly different
‘from one another so that the_teeth or inserts of the coné 20 cutters
mesh -as the cone cutters are rotated. Constructed in this manner,

the teeth or inserts |located on the conical sides of the cutters do
not create grooves in the borehole. .

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

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

BACKGROUND I 10N
In the field of exploration and production of oil and
10 gas, one type of drill bit or rock bit used for drilling
_earth boreholes is commonly known as a rotary cone drill
bit. The typical rotary cone drill bit employs a
multiplicity of rolling cone cutters rotatably mounted to
extend downwardly and inwardly with respect to the central

15 axis of the drill bit. The rolling cone cutters may have
milled teeth or cutter inserts disposed on each cutter in
predefined patterns. The predefined teeth or insert

pattern of each rolling cone cutter are typically different
from one another so that the teeth or inserts of the cone
20 cutters mesh as the cone cutters are rotated. Constructed
in this manner, the teeth or inserts located on the conical
sides of the cuttefs do not create grooves in the borehole.
Further, the meshing rotating teeth or inserts on the



Further, the neshing rotating teeth or inserts on the WO
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2 coni cal sides is capable of contacting and cutting the
entire bottom of the borehol e. Al t hough the typical rotary cone

drill bit has begfigpe7mssze t he tool of choice for drilling earthlyrrudetsse
undesirabl e phenonenon affects the efficiency and

sever al 5

performance of the bit. Note that the teeth or inserts | ocated at or
near the conical tips of the rolling cone cutters nmesh and cut the
center of the borehol e. Because of the roEPry cone drill bit

configuration,

the rotation at
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conical sides is capable of contacting and cutting the
entire bottom of the borehole.

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

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



10 ,the conical tips of the rolling cone cutters travel the | east

anount of distance. Indeed, certain teeth or inserts may remain
stibstantially stationary but for the rotational novenent . Because
t he amount of cutting is directly related to the novenent of the
teeth or insertswoiohegase a 15 poor translation of rotatiopcressngse to
the cutting : structures which generate little rock renoval

Ther ef or e, the center of the well bore presents a special challenge
to the progress of the drilling. One neasure of the rotary
cone drill bit's performance 20 is its abiljty to nmaintain a consistent
borehol e di aneter. This ability to hold gage is inportant to enable
drill strings to be easily renoved fromand inserted into the

bor ehol e. Gage hol ginenry @38 MigeC Wilvyogpor t ant for di recti onal

drilling applications. A further |saé*gnta e 25 agsociated with tygﬁcgh
‘rotary cone drill bits i g THE o PI Yy Sgﬁcgsf%rn?ﬁg hi RaForAH &0 §r¢
-under-gage. As the bit with| bprovednmsnetitationck fagenatingoe t &add t rock
pi nch -or forcegbigat Mdd Ng cone cutters and the support arnms inward.

The result is a borehole that is nder-ga e. 30 . .
5 In accordance Wwil the present invention, a rotary

cone drill bit with truncated conical cutter assemblies and
dome area inserts are provided which eliminate or
substantially reduce the disadvantages associated with
prior drill bits.

10 In one aspect of the invention, a rotary cone drill
bit with two-stage cutting action is provided. The drill
bit includes at 1least two truncated conical ' cutter
assemblies rotatably coupled to support arms, where each
cutter assembly is rotatable about a respective axis

15 directed downwardly and inwardly. The truncated conical
cutter assemblies are frusto-conical or conical frustums in
shape, with a back face connected to a flat truncated face
by conical sides. The truncated face may or may not be
parallel with the back face of the cutter assembly. A

20 pPlurality of primary cutting elements or inserts are
arranged in a predetermined pattern on the f£lat truncated
face of the truncated conical cutter assemblies. The teeth
of. the cutter assemblies are not meshed or engaged with one
another and the plurélity of cutting elements of each

25 cutter assembly are spaced from cutting elements of other
cutter assemblies. The primary cutting elements cuts
around a conical core rock formation in the center of the
borehole, which acts to stabilize the cutter assemblies and
urges them outwa;d to cut a full-gage borehole.

30 In another aspect of the invention, a plurality of
secondary cutting elements or inserts are mounted in the
downward surfaces of a dome area of the bit body. The
secondary cutting elements cuts down the free-standing core
rock formation when the drill bit advances.
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3 SUWWARY OF THE | NVENTI ON Accordingly, there is a need
ffor a rotary cone drill bit with inproved penetration rate into hard
rock formations. 5 I n accordance with the present invention,

arotary ROGdkadel | DIt with truncated conical cutter aseanisvéresaiend
done area inserts are provided which elimnate or substantially

reduce the di sadvant ages associated with prior drill bits. 10

In one aspect of the invention, a rotary cone drill bit with
two-stage cutting action is provided. The drill bit includes at |east
two truncated conical cutter - assenbl i es ?otatably coupl ed to support
arnms, where each cutter assenbly is rotatable about a respective axis

In yet another aspect of the invention, the cutter
inserts mounted on the truncated face of the cutter
assemblies and/or the dome area may be mounted with a rake
angle to provide a more aggressive cutting action.

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

In anther aspect of the invention, the doughnut-shaped

10 cutter inserts may be mounted to mating contours formed in
the surface, which mounts the inserts at a predetermined
rake angle with respect to the surface.

One technical advantage of the present invention is
the improved penetration rate of the rotary cone drill bit

15 into hard formations. The ultra-hard cutter inserts or
cutting elements mounted in the truncated face of the
cutters are adapted to shear and cut the rock formation
more efficiently. As the cutters rotate around the uncut
core in' the center of the borehole, the full 360° conical

20 surface of the core is cut. This action relieves the in-
situ stress of the formation, weakens the native rock, and
enhances the drill bit penetration rate.

By leaving an uncut core rock formation in the center
of the borehole, the truncated conical cutters are urged to

25 rotate around it. This results in better directional
stability of the cutters, especially when hard rock
formation is encountered.

Further, by forcing'the cutters to rotate around the
core, the tendency for the outer wall of the borehole to

30 pinch the support arms and cutters inward is reduced or
eliminated. The result is an improvement in the
performance of the drill bit and a full-gage borehole. The
uncut core in the center of the borehole is then cut down
by a secondary cutting structure or cutter inserts located

35 in the dome of the bit body.



15 . directed downwardly and i nwardly. The truncated coni cal

cutter assenblies are frusto-conical or conical frustunms in shape,
wth a back face connected to a flat truncated face by coni cal sides.
The truncated face nmay or may not be parallel with the back face of
the cutter asserdyrosaed 20 plurality of primary cutting eperosisasser

I nserts are arranged in a predetermned pattern on the flat

truncat ed face of the truncated conical cutter assenblies. The teeth
of the cutter assenblies are not nmeshed or engaged with one anot her
and the plurality of cutting elenents of each 25 cutter assenbly are
spaced fromcutting el enents of other cuter assenblies. The
primary cutting elenments cuts around a conical core rock formation in
the center of the borehol e, which acts to stabilize the cutter
assenbl i es and uroes then1outmard to cut a fuII-gage borehol e. 30

| n anot her aspect of2REHg D RLPTL AL TN LN secondary cutting
‘el ements or inserts are mutntaewetrtetrhanderstaﬂ@myvacﬁﬂ tshe fmeasemf imveadton,

area of th_e bi't bOdyrefeJé}?cq( ?‘%}’mgc% [ Ve & uf:]ﬁé nrgcﬁloﬁg%}fl%aéuﬁ§agﬂ@s t hfn

free-standing gore tion en t ances

which:

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

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

formation;
FIGURE 3 is a view of the dome area of the rotary cone
i5 drill bit showing dome area cutter inserts constructed

according to the teachings of the present invention;

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

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

FIGURES 6A and 6B are cross-sectional views of a
cutter insert located on the truncated face of the cutter

25 assembly or in the dome area;

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

FIGURES 8A and 8B are cross-sectional views of a

30 doughnut-shaped cutter insert and a rake angle mounting nub
constructed according to the teachings of the present
invention.
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yet anot her aspect of the invention, the cutter
the truncated face of the cutter assenbl i es

and/ or the done area may be nmounted with a rake angle to provide a
nmor e aggr essi ve wybihgasy action. 5 In yet anot her aspsEUsSinisne

i nvention, the cutt

er ~inserts nmay be doughnut-shaped and nounted on

pr ot rudi ng nubs formed on the truncated face of the cutter

assenbl i es and/ or the done area surfaces. I n ant her
aspect of the invention, the doughnut-shaped 10 cutter inserts may be
nmounted to mating contours forned in t he gurface, whi ch nounts the
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erm ned rake angle with respect to the surface.
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t he r.aqtar n il bi into hard formations.
DETALHT DecPRABr 0k Or ke MvpriBy© o7 0T RO

he The preferred embodiments of the present invention and

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

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

In the tri-cone rotary cone drill bit 10, three
substantially identical arms 18 (two are shown) depend from
bit body 12. Each arm 18 rotatably supports a truncated
conical cutter assembly 20. The truncated conical cutter
assembly 20 is generally frusto-conical in shape with the
conical tip truncated. BEach truncated conical cutter
assembly 20 rotates about a downwardly and inwardly-defined
axis of rotation. Truncated conical cutter assemblies 20
have truncated face 22 which define a central gap and are
spaced apart from one another. A plurality of cutter
inserts 24 are preferably mounted in a predetermined



cutters are adapted to shear and cut the rock formation nor e
efficiently. As the cutters rotate .around the uncut core in the
cénter of the borehole, the full 360[err] conical 20 surface of the
core is cut. This action relieves the in- situ stress of the
formati on, weakgpgoddpdzonati ve rock, and enhances t he drpdtussiiz41o
penetration rate. By | eaving an uncut core rock formation in the
center of the borehole, the truncated conical cutters are urged to
25 rotate around it. This results in better directional

stability of the cutters, especially when hard rock formation is
encount er ed. Further, by forcing the cutters to rotate around
t he core, the tendency for the outer wall of the borehole to 30

pi nch the support arﬂ%t@}% Cht %ﬁ;ﬂé&t@ﬁd fécée%e@foreach co, Eh'.’(‘ ”é&ﬁ’er

The result 1is an nprovenent I n f or mance o

‘bit and a ful | - gage 3RHBRG¥e 20 ThdS shown, Lﬂb‘iﬁe%o’rzbsqlﬁ"st #é Bzt ?SB‘PS?‘ﬂe"n
‘borehol e is then cutfadem2 in a cigcuia&epanﬂery,chntlwgheﬂrpamtarnsomapualsm

‘inserts |ocated 35 be iiﬁct:?ﬁogaﬂ{@pf chPEeP indR% 24 of each cutter assembly

5 20 are spaced apart from cutter inserts 24 of other cutter
assemblies 20 and do not mesh or engage in any manner. A
resulting gap is defined between cutter inserts 24 of’
cutter assemblies 20. Preferably, cutter inserts 24 are
manufactured from ultra-hard and abrasion-resistant

10 materials such as polycrystalline diamond (PCD), thermally
stable polycrystalline diamond (TSP}, and cubic boron
nitride (CBN). Each truncated conical cutter assembly 20
further includes a plurality of cutting elements or teeth
26 arranged in rows and projecting outwardly from the

15 conical surface of cutter assembly 20.

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

20 truncated conical . cutter assembly 20 depending from a
. spindle 28 mounted in a support arm 18 in the process of
drilling the borehole. Cutter assembly 20 further includes
a plurality of roller bearing assemblies 30 in rotational
bearing engagement with spindle 28. Cutter assembly 20 is

25 retained on spindle 28 by a plurality of ball bearings 32
inserted through a ball passage 34 in spindle 28. As
shown, spindle 28 has a large thrust bearing engagement
surface area 34 with the internal cavity of cutter assembly
20. This is an improvement over the conventional thrust

30 button configuration with the attendant advantage of betterx
bearing life. Further, as a result of the truncated cone
configuration, the spindle length may be shortened to
reduce the stress placed on the spindle and the bearings
during drilling.
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5 ’ BRI EF DESCRI PTI ON OF THE DRAW NGS For a better
uhder st andi ng of the present invention, ref erence may be made to the
acconpanyi ng drawings, in 5 whi ch: FIGURE 1 is an isonetric
drawi ng of a rOtak%nﬁ%Bﬁ drill bit having truncated coni pangdkibie
assenbl i es and one area cutter inserts constructed according to the
t eachi ngs of the present invention; 10 FIGURE 2 is a side view of
the a portion of the rotary cone drill bit showing a truncated

coni cal cutter assenbly, done area cutter inserts, and a central core
rock formati on; . FIGURE 3 is a %iew of the dome area of the
rotary cone 15 drill bit showi ng donme area cutter inserts constructed

according to the teaCh'ngﬁeEQuéé“%dﬂfﬁyﬂﬂééeﬁﬁﬁﬁéboﬂo have truncatedOfRces b8
a side view of a truncated conical cutt
and do not have teeth or cutter inserts that mesh with one

another, a core rock formation 40 may be formed in the
center of the borehole generally along a center
5 longitudinal axis of drill bit 10 as cutter assemblies 20
rotatably cut out the bottom of the borehole. The conical
core rock formation 40 is cut and reduced on all sides by
cutter inserts 24 located on truncated face 22 of cutter
assemblies 20 and rotating about cutter assembly axes 44.
10 Constructed in this manner, conical core rock formation 40
serves as a stabilizing structure with a 360° surface to
force cutter assemblies 20 to rotate thereabout. Conical
core rock formation 40 further serves as a bearing surface
which urges rotating cutter assemblies 20 outward to drill

15 a full-gage well bore in hard formations.

The resulting narrow cylindrical formation 42
extending above conical core base 40 may not have
sufficient structural integrity and may crumble and fall
without  further cutting. At times however, narrow core 42,

20 which may range between ¥ inch to one inch in diameter, may
remain standing. Note that the degree of incline of
cutter assembly axis 44 may determine the configuration and
thickness of core rock formation 42.

The narrow cylindrical core formation 42 left standing

25 unsupported in the center of the borehole is cut down by a
secondary cutting structure or cutting elements mounted in
a dome area 52 located on the underside of bit body 12.
The secondary cutting structure may be implemented by a
plurality of cutter inserts 50 arranged in a predefined

30 pattern in dome area 52. Dome area cutter inserts 50 are
preferably manufactured from ultra-hard and abrasion-
resistant polycrystalline diamond materials and the like to
achieve efficient shear cutting of core formation 42.
Therefore, as bit body 12 rotates about its center

35 longitudinal axis 32, dome area cutter inserts 50 rotatably



assenbly constructed in accordance wth the teachings of t he present
I nvention; 20 FIGURE 5 is a side view of an angled truncated

coni cal cutter assenbly constructed in accordance with the

teachi ngs of the present invention; FI GURES 6A and 6B are
cross-sectional ywg f a cutter insert |ocated on the péppdgisfato
face of the cutter 2 assenbly or in the done areas,; FI GURES
7A and 7B are cross-sectional views of a doughnut - shaped cutter

i nsert and nounting nub constructed according to the teachings of the
present invention; and FI GURES 8A and 8B are cross-sectiona
views of a 30 doughnut - shaped cutter insert %and a rake angle mounti ng
nub constructed according to the teachings of the present

Lg¥?3gbg?i34lo shégQ 8zf0§ﬂ@OEop of narrow cylindrical core formation 42.
Because of the proximity to the cool drilling mud flowing
. through bit body 12, heat generated in dome area cutter
inserts 52 is quickly, dissipated by transferring to bit
5 body 12 and the drilling wud.
FIGURE 3 is a bottom view of rotary cone drill bit 10
showing dome area cutter inserts 50 located in dome area 52
of bit body 12. Alsc shown are cutter inserts 24 mounted
on truncated face 22 of truncated conical cutter assemblies
10 20. It is apparent from this view that cutter assemblies
20 are spaced from one another with no teeth or cutting
structure meshed or interlaced. Cutter inserts 24 located
on the truncated face of cutter assemblies 20 can be said
to represent a primary cutting structure for working the
15 center of the borehole, and dome area cutter inserts 52
represent a secondary cutting structure for finally cutting
down the core rock formation formed by the primary cutting

structure.
Constructed in this manner, rotary cone drill bit 10
20 provides an improved penetration rate. Ultra-hard cutter

ingserts 24 or the primary cutting structure mounted in
truncated face 22 of cutter assemblies 20 are adapted to
shear and cut the center of the borehole more efficiently.
As cutter assemblies 20 rotate around uncut core 40 in the
25 center of the borehole, the full 360° conical surface
thereof is cut and worn down. This action relieves the in-
gitu stress of the formation and weakens the native rock.
By leaving uncut core rock formation 40 in the center
of the borehole, truncated conical cutter assemblies 20 are

30 urged to rotate around it. This results in better
i directional stability of cutter assemblies 20, especially
when hard rock formation is. encountered. Further, by

forcing cutter assemblies 20 to rotate around conical core
40, the tendency for the outer wall of the borehole to
35 pinch support arms 18 and cutter assemblies 20 inward is



6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON - The preferred
enbodi ments of the present invention and ~ its advantages are best
understood by referring to FIGURES 5 1-8 of the drawi ngs, |ike nunerals
bei ng used for like and correspondi ng parts of the various draw ngs.
For purposes of Lbbhsdadeti on, the present invention is PEOVEY6/13410
enbodied in a rotary cone drill bit 10 used in drilling a borehole
in the earth. Rotary cone drill bit 10 10 may al so be referred to as a
"rotary drill bit" or "rock bit." Rotary cone drill bit 10 preferably
I ncludes a bit body 12 with an upper thr gded portion or pin 14

adapt ed for attaching to the lower end offa drill string (not

shown). Threaded portion 14 and the correspondi ng threaded 15 connecti on

of the drill stringal4,ewaf 8 éiﬁl&ﬁE@&' oY regult K1 l\?l\ﬂg?:?;sur :Ln the

response to the rotation of the | | string at _t
(not shown). Bi t BSFForpance o |Y1}&? Fd 1B Pﬁn@ng%sg‘éb]e - RS QHSW:I E*t hat
permits a cool dri Reifegring aro | FRGUREL @&,i ah tsddeaseiewwobar tincaned

the 20 drill str '83911 a-ihecuﬂ:r 'elxJ ' quﬂye)éiot Sstt IA%M no'ffw.lu?éaéedd conical
(twaareshmM% fl ows downward_to the bottomq
cutter assembly 20 is a conical frustum having truncated

face 22 generally parallel a back face 60 which forms the
base of the cone. Cutter inserts 24 located on truncated
face 22 therefore lie on a line (not shown) generally
parallel to back face 60. '

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

15 truncated face 62 at a zero-degree incline is parallel to
back face 60.

In a tri-cone rotary cone drill bit 10, the three
cutter assemblies 64 may have truncated faces with
different angles of incline. For example, two cutter

20 assemblies may have parallel truncated faces, and the third
may have an angled truncated face. Alternatively, one
cutter assembly may have a parallel truncated face, the
second may have a truncated face at a selected angle, and
the third may have a truncated face at a greater angle.

25 The angles and configuration of the cutter assemblies may
be determined based on application and experimentation.
Cutter inserts 24 placed on the inclined truncated face 62
may cut and shear rock more aggressively resulting in a
center core rock formation 40 with slightly different

30 configuration and/or size.

A further variation and alternate embodiment in the
truncated conical cutter assembly is to slightly offset or
skew the rotational axis 44 by a predetermined angle, &, so
that the rotation of the cutter assemblies is about the

35 offset axis 66, as shown in FIGURES 4 an 5. The offset



borehol e and then passes upward in the annul us between the wal | of
the borehole and the drill string, carrying drilling debris and rock

chips therewith. 25

t hr.ee
bit body

In the tri-cone rotary cone drill bit 10,

substantially identical arns 18 (two are shown) depend from

12. Ea

cutter assenbly
generally frusto-conical in shape with the 30 conical tip truncated.
Each truncated conical cutter assenbly 20 rotates about a downwardly
and i nwardl y-defined axis of rotation. Truncated conical cutter
assenblies 20

are
inserts
97/ 08420

qggg%@%éﬁtrotatably supports a truncated pENDLI6R410

runcat ed conical cutter assenbly 20 is

have truncated face 22 whicit define a central gap and

spaced apart from one anot her. A plurality of cutter 35
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truncated conical cutter assemblies 20 on the spindles 28
at an angle to introduce the desired offset. The offset
cutter assemblies may cut more aggressively into core rock
formation 40 and/or the outer wall of the borehole. In a
drill bit, one or more of the cutter assemblies may be
offset to improve the penetration rate of the bit.

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

Where material depth in the surface of the truncated
face 22 or 62 or dome area 50 is insufficient or not suited
for the cutter insert installation described above, an
alternative embodiment may be used. 2As shown in FIGURES 7A
and 7B, a doughnut-shaped cutter insert 80 with a center
hole 82 defined therein may be brazed or otherwise attached
to a protrusion or nub 84 formed on the surface. The shape
of nub 84 preferably conforms with the shape of center hole
82 to ensure a secure bond therebetween. This installation
configuration obviates the need for a certain thickness
required to form the mating holes, increases the surface
area available for bond formation, and is adapted in
particular to truncated face and dome area installations.



7 pattern on truncated face 22 of each conical cutter

assenbly 20. As shown, cutter inserts 24 are disposed on face 22 in a
circular pattern, but other patterns may al so be incorporated. Cutter
i nserts 24 of each cutter assenbly 5 20 are spaced apart fromcutter
inserts 24 of othgbndsdet € assenblies 20 and do not neshpEusBODARE | N
any manner. A resultlng gap is defined between cutter inserts 24 of
cutter assenblies 20. Preferably, cutter inserts 24 are manuf act ur ed
from ultra-hard and abrasion-resistant 10 material s such as

pol ycrystal Il ine dianond (PCD), thermally stabl e polycrystalline

di anond (TSP), and cubic boron nitride (kﬁ%@. Each truncated coni cal
cutter assenbly 20 further includes a plurality of cutting el enents

or teeth 26 arrangeg 'a%hria% f&“dramé)J Sitdidg QUt&ﬁr ﬁb&c&iﬁgatﬁﬁoéé a
coni cal surface of cutter assenbly 'I’h mrgfor cutt| n

“action of drill bit ™§iggcgprtour BsdgnfﬁﬁhéﬁFeéaPBﬁF%E?d
20 are rotated abouu:he matéhial esEect ishewax etn arFIGUREShe 8hot axndn (B‘Bthe In

, bor ehol e. Géﬁ?ﬂ?chfaf" p:ﬁééizxgé d&érg:’ri]:}lrs%%t i 'm%:'lﬁﬁe"heWugf sengnao

“truncat ed coni cal assenb ng fro 5)
nmounted in a @pportsha%?"ig-f}q?nﬁiﬁ‘él% When cutterydipperyg8e his honded &o
Cutter assenbly 20 tmatifgredrtehundes, a rake angle of the desired magnitude is
achieved.

Doughnut-~shaped cutter insert 80 wmay be recycling
utilization of scrap material discarded in the manufacture
10 of polycrystalline diamond compacts (PDCs). The PDCs are
stamped out of the material, leaving a center hole in a
circular piece of material. Accordingly, the use of
doughnut-shaped cutter inserts 80 is economical and does

not require special manufacturing.
1s A rotary cone drill bit, when constructed according to
the teachings of the present invention, achieves a better
penetration rate by improving the cutting action in the
center of the borehole where drilling is the slowest with
conventional drill bits. The primary cutting structure or
20 elements on the flat face of the truncated conical cutter
assemblies leaves a conical rock core uncut in the center
of the borehole, which provides the added advantage.of
stabilizing the rotating cutter assemblies and cutting a

full-gage hole. The core is finally cut down with a
25 secondary cutting structure located in the dome area of the
bit body.

Although the present invention and its advantages have
been described in detail, it should be understood that
various changes, substitutions and alterations can be made

30 therein without departing from the spirit and scope of the
invention as defined by the appended claims.



~a plurality o assenblles 30 in rotational beari ng
engagerrent W |"|ﬂ | H! mj tter assenbly 20 is 25 retai ned on spindle
28

by a plural rtyec oft eari ngs i nserted through a ball passage
34 in spindle 28. shown, splndle 28 has a | arge thrust bearing
engagenent wosmsiﬁpe area 34 W|th the internal cavity of eottssei3die
assenbl y 20. This is an inprovenent over the conventional thrust 30
button configuration with the attendant advantage of better beari ng
life. Further, as a result of the truncated cone configuration, the
spindle length may be shortened to redu 8 the stress placed on the
spi ndl e and the bearings during driIIiné. WO 97/ 08420
PCT/ US96/ 13410 _ 8

WHAT IS CLAIMED IS:

1. A rotary cone drill bit having a rotatable bit
body and at least two support arms extending therefrom,
said support arms defining a dome area below said bit body,

5 comprising:

at least two truncated conical cutter assemblies
rotatably coupled to said support arms and each rotatable
about a respective axis directed downwardly and inwardly,
said truncated conical cutter assemblies being conical

10 frustums in shape having a back face comnnected to a flat
truncated face by conical sides, said back face and said
truncated face having a predetermined angled relationship;

a plurality of primary cutting elements arranged in a
predetermined pattern and coupled to said flat truncated

15 face of said truncated conical cutter assemblies, said
plurality of cutting elements of each cutter assembly being
in spaced relationship with respect to cutting elements of
other cutter assemblies; and

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

2. The rétary cone drill bit, as set forth in claim

1, wherein said plurality of primary cutting elements are

25 inserts manufactured from ultra-hard and abrasion-resistant
materials.

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

4. The rotary cone drill bit, as set forth in claim
3, wherein said rake angle ranges between 0-45°
inclusively.
35
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Because cutter asse 0 have truncated faces 22 and do not have
teeth or c‘m‘“u \ Ej}e t mesh with one anot her, a core rock
f'or mati on in the center of the borehole

general ly élong a center | ongi tudi nal axis of drill bit 10 as
cutter assenbligs, rot atably cut out the bottom of therhRoe13%16c-
The coni cal core rock formation 40 is cut and reduced on all sides
by cutter inserts 24 |ocated on truncated face 22 of cutter
assenblies 20 and rotating about cutter assenbly axes 44. 10 Construct ed
in this manner, conical core rock formation 40 serves as a
stabilizing structure with a 360[err] surface 1% force cutter
assenblies 20 to rotate thereabout Coni cal core rock fornmation 40
further serves as a bearg S akO [ tstLr,
assenblies 20 outward to dr| ISTHJ %%arg ?o??vﬁgifglgl \lf?eﬁe b%r%@?nf%t?v fflclain
f or mati ons. 3, mhereigsymaidy Hake ofNENA | (KANGSH  bedMesn odS5-253°
ext endi ng above coniigaiiue@veipase 40 nay not have suf ficient
structural integrity and nmay crunble and fall wi t hout further
cutting. At tines however, narrow core 42, 20 whi ch may range between

[err] inch to®ne inch i f-di aFes gotawgycone dritlerhiitn §6aAEE nEPTLh Nt «laa
the degree of incling gherein sai@Upl@raTitscoil ¥etdndard’ ciByifgt €1ahdiftd ke

configuration and eE%% hﬁ%krt&%%?m?éd Z@Iq%eﬁxgggeglgéd:{'gsté&ﬁnaégasion-resistant

The narrOM/cylrndrréﬂﬁ 'on
materials.

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

8. The rotary cone drill bit, as set forth in claim
15 6, wherein said rake angle ranges between 0-45°
inclusively.

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

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

cubic boron nitride.

11. The rotary cone drill bit, as set forth in claim
30 1, wherein said plurality of primary cutting elements are
doughnut -shaped ultra-hard inserts mounted on nubs formed

in flat truncated face of said cutter assemblies.
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25 uns enter of the borehole is cut dowmn by a
secondary m ﬁ ﬂn € or cutting elenments nmounted in - a done
area 52 | er5|de of bit body 12. The secondary

cutting structure may be inplenented by a plurality of cutter

i nserts 50 arra@a?gndg@ a predefined 30 pattern in dome arepchgsesnsoe
area cutter ins are preferably manufactured fromultra-hard
and abrasi on- resi stant polycrystalline dianmond materials and the
like to achieve efficient shear cutting of core formation 42.
Therefore, as bit body 12 rotates about its center 35 | ongi tudi nal axis
32, done area cutter inserts 50 rotatably i5 WO 97/ 08420

PCT/ US96/ 13410 9

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

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

a plurality of mating contours formed on said flat
truncated face of said cutter assemblies, said mating

10 contours having a protruding nub extending at an angle from

said face; and

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

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

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

20 face; and

a plurality of doughnut-shaped inserts bonded to said

mating contours.
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shear off the top of narrom1cy|indrical core formation 42. Because

o e MR, L7 o 1

di ssipated by trarfsférrifng to bit 5 body 12 and the drilling nud.
FIGURE 3 is a hotto | ew of rotary cone drill bit 10 fgmwg me
area cutter ins #Pygggﬁ | ocated in done area 52 of bit body 9%34?% SO

shown are cutter inserts 24 nounted on truncated face 22 of
truncated conical cutter assenblies 10 20. It is apparent fromthis
view that cutter assenblies 20 are spaced fromone another with no
teeth or cutting structure neshed or irkberlaced. Cutter inserts 24
| ocat ed on the truncated face of cutter assenblies 20 can be said
to represent a primary c t| stru e for rkig e 15 center

t he borehol e, and done a %% %?F%ngzmgrlif éiﬁnwﬁﬁﬁﬁ?r ?888ﬂ8§¥y
cutting structure focmprxsﬁngrcnntlng down the core rock formation

e B ary. Lot SRS b ing o e rocpnbueiad
| V. .

penetration rate. ®¥% ¥ &fat trunc ﬁP"rFs% % oF°’§?1‘éa]prﬁ’ﬁ’§%i

cutting structure nount edl phurality aff imutdiesd dlzmen22 efrrangedrinssewdl and

20 are adapted to dlsposéﬁmgﬂ gﬁy@ gdﬁlggf éfagéu £fq the borehole nore
e _around uncut core 40.in

efficiently. As” cut sse 1
The 550 Ycenter of th HOGRNATY &S LcEPr iS5l EBRFELPSARALAEARe Cufting

elements bonded to said substantially flat truncated face.

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

17. The cutter assembly, as set forth in claim 15,
15 wherein said plurality of ultra-hard abrasion-resistant
cutting elements each has a longitudinal center axis, said
cutting elements being bonded to said flat truncated face
with said longitudinal center axis being perpendicular
thereto.
20
i8. The cutter assembly, as set forth in claim 15,
wherein said plurality of ultra-hard abrasion-resistant
cutting elements each has a longitudinal center axis, said
cutting elements being bonded to said flat truncated face
25 with said longitudinal center axis being non-perpendicular
thereto.

1%. The cutter assembly, as set forth in claim 15,
further comprising:
30 a plurality of nubs protruding from said substantially
flat truncated face; and
a plurality of doughnut-shaped inserts bonded to said
nubs. '
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thereof is cut and worn down. This action relieves the in- situ

stress of 'ﬂMMMMH weakens the native rock. By | eavi ng
uncut core 0 in the center of the borehole,

truncated cénital® clttér dssenblies 20 are 30 urged to rotate around
it. This res better directional stability of

assenbl i es 20, u'é’éec y when hard rock formation is eﬁ@gﬁﬁﬁéﬁgg.
Further, by forC|ng cutter assenblies 20 to rotate around coni cal
core 40, the tendency for the outer wall of the borehole to 35

pi nch support arns 18 and cutter assenblies 20 inward is WO

97/ 08420 PCD/AUS96/ 13410

10

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

a plurality of doughnut-shaped inserts bonded to said
mating contours.
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reduced or result is an | mprovenent in the
performinc E!ﬁ ,l ﬁ’t and a full-gage borehol e. Referring

to FIGURE truncated conical cutter assenbly 20 is
shown. Tr uncat ed coni cal cutter assenbly 20 is a conical frustum
havi ng truncat qu ace 22 generally parallel a back face forniddbsdaio
forms the ase of the cone. Cutter inserts 24 |ocated on truncated
face 22 therefore lie on a line (not shown) generally parallel to
back face 60. 10 Anot her enbodi nent of truncated conical
cutter assenbly 20 presents truncated face cutter inserts 24 on an
I nclined truncated face 62 with respect to backR® ace 60 in cutter
assenbly 64 shown in FI GURE 5. The angl e of . incline, [err], may

range fromzero to 45[ errdy Q}cltﬁ&}*ﬁ yﬁ°fé\k&|§‘§'fﬁﬁg g %‘.&@ﬁéi@dwi@ﬁe 620@5::3?

zero-degree incline is paralle
tri-cone rotary coneCeme|arill it hawing adit body, @nded FREORE) PGSSBEP‘PP%/

have. truncat ed f acesaihs hextend:uﬁb fdmaraapglte@retrbmcaenﬁanmg FRr dséenRt&a

two cutter ass | | | dr te C and t he
third may hav &éﬁ runcxp %Ielsmgu%?’?erna%lgvé?y, one

cutter assenbl ¥ may have %Ptp?é:r g &het Féﬁ'@apﬁﬁbqﬂéc%f trncated condgal eayter
have a truncated facgssémpl S&d eahectlﬁr&glcef a@bort artde dependingy thayeffom

truncated face at a greater aﬂgcaﬁ;loé%[ g ne ggg a2qd %&e}éurﬁl@na&éter

the cutter assenblieS may ase on ap tion an
experi ment ati on. assemblles being in spaced relatlonshlp with one another;
rotating each of said truncated conical cutter
10 assemblies about respective center axes, said truncated

conical cutter assemblies each having a back face connected
to a flat truncated face by conical sides, said cutter
assemblies having a plurality of cutting structures
arranged in rows on said conical sides, and a plurality of
15 primary cutting elements mounted on said £flat truncated
faces of said truncated conical cutter assemblies; and
forming a free-standing conical core in the center of
the borehole as said truncated conical cutter assemblies
rotate around the bottom of the borehole and cutting around
20 said free-gstanding conical core while the drill bit
advances downward.

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

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

the conical sides thereof.

——— —_—
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Cutter |nse the i nclined truncated face 62 may cut
and shear “ I ver resulting in a center core rock
formation 4 |fferent 30 configuration and/ or size.

A further varlatlon and alternate embodi nent in the truncated coni cal
cutter assenbl ywhorbgaaes! i ghtly of fset or skew t he rot at pOtTes96A3418 44
by a predeterm ned angle, [err], so that the rotation of the cutter
assenblies is about the 35 of fset axis 66, as shown in FIGJRES 4 an 5.
The of f set WD 97/ 08420

PCT/ US96/ 13410 ' 11 rotationa

axis 66 may be achi eved by nounting the 15
24. The method, as set forth in claim 21, further
comprising the step of urging said truncated conical cutter
assemblies outward with conical sides of said free-standing
conical core as said cutter assemblies rotate and contacts
5 the conical sides thereof.

25. The method, as set forth in claim 21, wherein the
step of rotating said cutter assemblies includes the step
of rotating said cutter assemblies along respective

10 rotational axes coincident with center axes thereof.

26. The method, as set forth in claim 21, wherein the
gtep of rotating said cutter assemblies includes the step
of rotating said cutter assemblies along respective

is rotational axes at an angular relation with center axes
thereof.
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truncated [ senblies 20 on the spindles 28 at an angle
to int roduim‘mmuimn"m,mﬂfset. The of fset cutter assenblies may

¢cut nore aggreSsivel¥y isntd core rock 5 formati on 40 and/or the outer
wal | of the borehole. In a drill bit, one or nore of the cutter
assenbl i es may 3@97 a9 Of fset to inprove the penetration rat echfushéiadvl t -
FI GURES 6A and s#g% that cutter inserts 70 for truncated face 22
or 62 and done area 50 nay be installed 10 either with its |ongitudinal
axi s 72 perpendicular to the surface or with a rake angle, [err].
The rake angle, [err], may be defi ned as rangi ng approxi matel y
bet ween 0- 45, I ncl usi vel y. Prefeﬁﬁbly, the rake angle my
be approxi mately 20-35[err] for the done area cutter inserts, and 15

appr oxi mately 15-25[err]afor 4 Wﬁeéﬁd&‘%ﬁ%{l@&gﬁﬁ%ﬁﬁ& %P??’F%%?’afme afif1

raké angle permts a nore aggressive bite )
t hi ckeni ng of the ubPi¥ havaNg poPyt Rrdvaapdna predetegmined yekas of4SBPPPFe
inserts to inprove ahfs Skpendingi titerefrom fomikef a dombeated heidernsaidsbi®

are preferably braz 20 jsnL.e , ecyred by other |ike nethods
into mating h§$%¥’f%ﬁ?ﬁfégﬁgbbﬁggfgg%?%a.eU In the surface of

truncat ed 5 face or frwming cbhe same predeygupinest umber deft Frupcaked
surface of the trungghedal cuttetaegsenblied? OicKHoFarfeeaadBemnblies being

i nsufficient or not .suifed_ 25. for [ ] i installation
fruséo-ccg?:tcal Jtn shtag%bggfrinlg%té rrrgagc%efaucs?e?on ecsﬁd to.a

descri bed above, an ernati ve own in
FI GURES 7A agubseantiabugHkat siamcated: £acei byeconggadi shdgs cefgdd
cutter assemblies being adapted to rotate about respective
10 rotational axes thereof in spaced relation with one

another;

bonding a plurality of cutter inserts to said flat
truncated face of said cutter assemblies; and
' bonding a plurality of cutter inserts to downward
15 facing surfaces of said dome area.

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

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

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

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

forming a plurality of mating contours on said flat
truncated face of said cutter assemblies, said mating

30 contours each having a protruding nub extending above said
£flat truncated face at an angle; and

bonding a plurality of doughnut-shaped cutter inserts
to said mating contours.
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hol e 82 def| ned be brazed or otherw se attached to a .
protrus “E\@i\i“ d on the surface. The shape 30 of nub 84
prefera the shape of center hole 82 to ensure a
secure bond ther ebetween. This installation configurati on obvi at es
the need for a Sfsizot i ckness required to formthe AR ES
I ncreases the surface area avail able for bond fornatlon and 'S
adapted in 35 particular to truncated face and done area i nstal | ati ons.
WD 97/ 08420 PCT/ US96/ 13410

12 To achieve a rake angle, [err], as described above, a

mati ng contour 86 may be pre-fabricated in the&lsurface of

30. The method, as set forth in claim 29, wherein
said mating contour forming step comprises the step of
extending said nub at said angle ranging between 0-45°

inclusively.
5
31. The method, as set forth in claim 29, wherein
said mating contour formiﬁg step comprises the step of
extending said nub at said angle ranging between 15-25°
inclusively.
10
32. The method, as set forth in claim 27, wherein
said cutter insert bonding to said dome area step further
comprises the steps of:
forming a plurality of protruding nubs on said
is downward facing surfaces of said dome area; and

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

33, The method, as set forth in claim 27, wherein
20 said cutter insert bonding to said flat truncated face step
further comprises the steps of:
forming a plurality of mating contours on said flat
truncated face of said cutter assemblies, said mating
contours each having a protruding nub extending above said
25 " flat truncated face at an angle; and _
bonding a plurality of doughnut-shaped cutter inserts
to said mating contours.

34. The method, as set forth in claim 33, wherein

30 said mating contour forming step comprises the step of

extending said nub at said angle ranging between 0-45°
inclusively. '

T ————
—_—
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t he terlal showvn in FIGURES 8A and 8B. In

partlnE m'm,”’m] tour 86 nmay include a nub 88 and a 5 shal | ow

|nden Eﬂﬂcutter insert 80 is bonded to mat i ng cont our

86, ' a rake angle 6f the desired magnitude is achi eved.

Doughnut - shaped wdlé#dizel NSert 80 nmay be recycling ut i | ipcTNISe63a10

scrap material discarded in the manufacture 10 of polycrystalline

di anond conpacts (PDCs). The PDCs are stanped out of the material,

| eaving a center hole in a circular piece of material.

Accordingly, the use of doughnut - shaped, cutter inserts 80 is

econom cal and does not require special “manufacturing. 15 A

rotary cone drill bit, when constructed according to t he teachi ngs

of the pr ESﬁnt i nventiongs aCW}@/Qﬁeﬁxda%ttﬁ set fort]?@nﬁﬁrglhﬂrﬁ }aat S\;:hﬁre:.n

i nprioving the cutting,action,in enter _of the borehol.e ere

drilling is the sloﬁgé Wity 409 contggﬁv£ﬁ¥T§W%lsﬁ??lF°ﬂ?¥§seﬁTﬁP%r?5$ﬁy

cutting structure oexgénding ebabdnbeboatt Beidl anglleceasfyingebetwaent 88-25°

conical cutter in gf&%&'ps | eaves a conical Tock core uncut in the
of the Bore :

center whi ch provi des the added advant age of
stabilizing the rotating cutter assenblies and cutting a ful | -gage
hol e. The core is finally cut down with a 25 secondary cutting
structure located in the done area of the bit body.

Al t hough the present invention and its advantages have been
described i-n detail, it should be understood that
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varj ous changes, substitutions and alterations can be nade 30 therein
W thout departing fromthe spirit and scope of the I nvention as
defined by the appended cl ai ns. -13- CLAI V5 1. A
rotary cone drill bit having a rotatable bit body and at |east two support
arns ext endi ngwd'eHggipom said support arnms defining a done mgmwv
said bit body, conprising: at least two truncated conical cutter
assenbl i es .

1/3




rotatably coupled to said support arnms and each rot at abl e about a

respective axis directed downwardly and inwardly, said truncated
conical cutter assenblies bei ng conical frustuns in shape having a
back face connected to a flat truncated face by conical sides,
sai d back facewywnesgbd truncated face having a . predet epdrRrsk B ed
rel ati onship; a plurality of primary cutting el enments arranged
in a predeterm ned.pattern and coupled to said flat truncated face of
said truncated conical cutter assenblies, said plurality of cutting
el ements of each cutter assenbly beiné?ﬁh spaced relationship with
respect to cutting elenents of other cutter ass 2
ﬁa
. 10 — 32
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and. a plurality of secondary cutting el enents nounted I n

downward facing surfaces of said done area of said bit body, wherein
said plurality of primary cutting el enents are doughnut - shaped
ultra-hard inserts nounted on nubs forned in said flat truncated face
of said cuwoernsamsenbl i es. -14- 2. A rotpéedusiasad il

bit having a rotatable bit body and

, -84 '_!_'480
FIG. 74 FIG. 7B
80 .
| 0 SLn ah

FIG. 84




at.dl east A.- eH-Reg—the .efrorn said suppov‘T/uSrgrBGJef] 3|‘g‘ 0
Cruncat ed %EPL%@EDKSHEE‘PSY S ngt at ably coupl em gLJgg?

truncat ed coni cal cutter assenblies
arns and emgscnption’ﬂﬂ)@bdb.lié- #bpageda.-t-eg4pecti ve axis dl'chT*ed—dﬁwmf\ﬂFdJ-y——

and i nvar dj prrci SRl trﬂﬂ&@tﬂﬂ;@p spal. JBUtlt er assenblies
frustuns i \B g) r;%da ba% Lﬁ\% connected to a ﬂﬂ @mmﬁ IL
face by co IBF P saTSd oo 8 ck,fcce and4sai d truncafe

pr edet er ni "dhﬁﬁﬁed Féﬁét1oﬁ§hpﬁﬁ """" a plurality of primary cutting:
el enent s akranged edetermrTed pattern and coupled to said flat

truncated face of said l¥undhté@t@bhléanecdttél bit having a rotatable bit
' body and at least two support arms extending therefrom,

said support arms deflnlng a dome area below said bit body,
.comprlslng '

5 at least two truncated conlcal cutter assemblles
rotatably coupled to said support arms and each rotatable
about a respective_axis directed'downwardly'and inwardly,
said truncated conical cutter- assemblies being conical
frustums in shape having a back face connected to a flat

10 truncated face by conical sides, said back face and said

()

truncated face having'a predetermined angled relationship;
a plurality of primary cutting elements arranged in a
predetermined pattern and coupled to said flat truncated
face of said truncated conieal cutter assemblies} said
15 plurality of cutting elements of each cutter assembly being
in spaced relatlonshlp with respect to cuttlng elements of
other cutter assemblies; and _
a plurallty of secondary cutting elements mounted in _
~ downward facing surfaces of said dome area of said bit
.20 "body, wherein said plurality of primary cutting elements

)

are doughnut-shaped ultra-hard inserts mounted on nubs
formed in flat truncated face of said cutter assemblies.

T

—

Thls She

T i

AMENDED WET



Vo ViR d o/ 1§ *
assenblies, "said plurality of cutting elenents of each
being in spaced relationship with respect to cutting mzf-@mﬁgm

cuwtter assenblies; and a plurality of secondary cutting

el enent s nount ed i n downward facing surfaces of s

bit body and rotating therew th, and wherein said pl

secondary cutting el enents are doughnut - shaped uItr“'!mJHt!ﬂﬁ "I,H“II,

nount ed on nubs forned in done area surfqges of sai d

12. A rotary cone drill bit having a rotatable bit
body and at least two support arms extending therefrom,
said support arms defining a dome area below said bit body,

. comprising: _ |
5 at 1least two truncated conical cutter assemblies
rotatably coupled to said support arms and each rotatable
about a respective axis directed downwardly and inwardly,
. said truncated conical cutter assemblies being conical
- frustums in shape having a back face connected to a flat
10 truncated face by conical sides, said back face and said
‘truncated face having a predetermined angled relationship;

a plurality of primary cutting elements arranged in a
predetermined pattern and coupled to said flat truncated
face of said truncated conical cutter assemblies, eaid

15 plurallty of cutting elements of each cutter assembly being
in spaced relationship with respect to cutting elements of
other cutter assemblies; and ' ’

a plurality of secondary Cutting elements mounted in
downward facing surfaces'of said dome area of. said bit body

e 20 and rotating therewith, and wherein said plurality of
secondary cutting elements are doughnut-shaped ultra-hard
inserts mounted on nubs formed in dome area surfaces of
said bit body. |

25 C13. The rotary cone drill blt, as set. forth in claim
11, further comprising: ' '

a plurality_of mating contours formed on said flat
truncated face of said cutter assemblies, said mating

. contours having said protruding nub extending at an angle

30 'from said face; and said plurality of _doughnut-ehaped

inserts bonded to said mating contours. o

T l’iiilﬁiu uﬁiu



-15- « 3. The rotary cone drill bit, as set forth in clai PCI/USgr r] 3
conpri si ng: a plurality of matl ng contours formedméélg
truncated face of said cutter assenblies, said mating 1 9
sai-d protrudi ng nub extendi ng at an ~angl e fron1sard—%fﬁﬁy—4yuigﬁm~____

plurality of doughnut- shaped inserts bonded to sai cont ours.
4. The rotary cone drill bit, as set forth in claim2, " Hﬂﬁ I#Nﬂg

16
14. The rotary cone drill bit, as set forth in claim
12, further comprising: o |
a plurallty of matlng contours formed on downward
_facing surfaces of said dome area, said mating contours
5 having said protruding nub extending at an angle from said
'face, and said plurality of doughnut-shaped inserts bonded

to sald matlng contours.

15. Canceled.

16. Canceled.
17. Canceled.
15 18. Canceled.
N’
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a ;;I ur al i ty of mating contours formed on downward : f(;lcl‘ 353 Sfcelsaoﬂ"

sai‘d done area, said mating contours havi ng sai d prot

extendi ng at an angle from said face; and said plural - 5 JuL 1397
doughnut - shaped i nserts bonded to said mating conteu#s—u_*_Sr_An_“___
earth-boring drill bit cutter assenbly,  conpri.sing:

frusto-coni cal body having a back face connected - “ﬂ,mmm/m, "mJ“m

flat truncated face by conical si des; 17

elenents arranged in rows and dlsposed on said conlcal si des;

a-plurality of nubs protruding from said
19. An earth-borlng drill blt cutter assembly,

comprising:
a frusto-conical body having a back face connected to a
.substantially flat truncated faCe by conical sides;
.5 _ a plurality of cutter elements arranged in rows and
disposed on said conical 51des. |
a plurality of nubs protruding from said substantlally
flat truncated face; and
a plurality of doughnut-shaped inserts bonded to said

10 nubs.
' 20. 'The cutter assembly, as set forth in claim 19,
further comprising:
a plurality of mating contours in said substantially _
15 flat truncated face, said mating contours including said
nub protruding therefrem at an angle; and said plurality of
~doughnut-shaped inserts bonded to said mating contours.
21. Canceled.
20 o |
~ 22. Canceled.
23. Canceled.
25 _. 24. Canceled.
25. Canceled.
26. Canceled.
30 | |
27. Canceled.
_-\_‘\\
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} v ) : .
substantially flat truncated face; and _ a plur f 8036/]3 ] 0
doughnut - shaped inserts bonded to sai d nubs. aaTUﬂL 7
~cutter assenbly, as set forth in claimb5, further comn '

plurality of mating contours in said - substantlalF?x?TE?‘TrUﬁeated_a&
face, said mating contours including said nub prot "
an angl e; : . ' mm,r

| | | | | IIIIII

18

_ 28. A method for manufacturing a rotary cone drill
bit having a bit body and a predetermined number of support
arms depending therefrom fbrming a dome area under said bit
. body, comprising the steps of: |
5 forming the-same'predetermined number of truncated
conical cutter assemblies} each cutter assemblies being
frusto-conical in shape having a back face connected to a
substantially flat truncated face by conical.sides, said
 cutter assemblies being adapted to rotate about.respective
10 " rotational axes thereof in .spaced relation with one
anothef, | : |
bonding a plurallty of cutter inserts to Sald flat
truncated face of sa1d cutter assemblies;
_bcndlng a plurallty of cutter inserts to downward
15 facing surfaces of said dome area;
wherein said cutter insert bonding to said flat )
truncated face step further comprises the steps of:
forming a plurality of protruding nubs on sald flat
" truncated face of said cutter assemblies; and
S 20 ' bonding a plurality of doughnut-shaped'Cutter inserts.
to said nubs and surrounding sutface areas.

29. The method, as set forth in claim 28, wherein
said cutter insert bonding to said flat truncated face step
25 further comprises the steps of:
forming a plurality of mating contours on said flat
truncated face of said cutter assemblies, .said. mating
contours each having said protruding nub extending above
_said flat truncated face at an angle; and
30 bonding said plurality of ,doughnut—shaped cutter

inserts to said mating contours.

i [



and sald p[urallty of doughnut -shaped inserts bonded to
contours. 7. A method for manufacturing a rotary cone
a.bit body and a predeterm ned nunber of support arnms de

lUSQ% 13410
IPEAISES J‘?WW

form ng a done area under said bit body, conprising the
form ng the same predeterm ned nunber of truncated

assenbl i es, each cutter assenblies being frusto- con
- having a back face connected to a substamstially flat
coni cal si des, said cutter assenblies being adapted

respective rotational axes thereof in spaced relation

steps of:

(OBIR L A

*tréncated fsace by
to rotate about

- 30. The method, as set forth in claim 29, wherein

said mating contour forming step comprises the step of
extending said nub at said angle ranging between 0—45?

.inclusively.
31. The méthod[ as sét forth in claim 29f,whereih
.said ‘mating contour forming step comprises the step of
extending said nub at said angle ranging between 15-25°
_ inclusively. - | |
10 | |
A
T
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] ’ ne
Wi th one anot her; bonding a plurality of cut msg {mg-ia-,
d

fl at truncated face of said cutter assenblies;
pturality of cutter inserts to downward facing surfaces of said dome
ar ea; - wherein said cutter insert bondlng to saLd flat

truncated face step further conprises the s

B 1T

_ - 32. A method for menufacturing a rotary cone drill
-bit having a bit body and a predetermined number of support
arms depending therefrom forming a dome area under said bit
-body, comprising the steps-of: , _
5 - forming the same predetermined number of truncated _
-conical cutter assemblies, each cutter assemblies being
frusto~conical in shape having a back face connected to'a
substantially flat truncated face by conical sides, said |
cntter assemblies'being adapted to rotate about respective
- 10 rotational axes thereof in spaced relation with one
another; . L ' '
bonding a plurallty of cutter inserts to said flat
truncated face of said cutter assemblies; and
bondlng a plurality of cutter inserts to downward
15 facing.surfaces of said dome area; and '
whereln said cutter insert bonding to said dome area
step further comprlses the steps of: ]
forming a plurality of protruding nubs on said
'.downward facing surfaces of said dome area; and |
- 20 bondlng a plurallty of doughnut—shaped cutter inserts
to sald nubs and surrounding surface areas.

33. The method, as set forth in claim 32, wherein
agid cutter insert bonding to said dome afea further .
25 ccnprises the steps of: _
| forming a plurality of mating contours on said dome
area, said mating contours each having a protruding nub‘
"extending above said dome area at an angle; and |
bonding. said plurality of doughnut-shaped cutter

30 inserts to said matlng contours.
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form.ng a plurality of protruding nubs on said flat %%\.% o
said cutter assenblies; and bondi ng a pIuraIrty 97

doughnut - shaped cutter inserts to said nubs and s surface
ar eas. 8. The nmethod, as set forth in claim7, wherejng said -cutter

I nsert bonding to said flat truncated face step further ’i" ”’!’gﬂmﬂ"ﬁ
steps of: formng a plurality of mating contou ]””
flat truncated face of said cutter assenblies2isiad natlng cdnt durs
each having said protruding nub - - extending above said flat truncated

face at an angl e; : :
34. The method, as set forth in claim 33, Wwherein

said mating contour forming step comprises the step of
extending said nub at said angle rangJ.ng between 0-45°
_inclusively.

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

36. Canceled.

37. Canceled.

38. Canceled.

()
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and * ~ bonding said plurality of doughnut-shaped msa
|

to said mating contours. 9. The nethod, as set forth™ M

wherein said mating contour formng step conpri-ses the step Gf=e%Lend|n
said nub at said angle rangi ng between -0-45[err] |nclu3| The
met hod, as set forth in claim8, wherein said mating co ﬁlwlﬂ

conprises the step of extending ' said nub at %ald angl e rdngicnge
15-25[err]- inclusively.

39. A rotary cone drill bit having a rotatable bit
body and at least two support arms extending therefrom
comprising: o

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

said truncated conical cutter assemblies being-
spatially located to form a core in the center section of
the borehole; | |

a plurality' of _cutting elements arranged in a
predetermined paftern and coupléd to said flat truncated
face of said truncated conical cutter assemblies, said
plurality of cutting elements of each cutter asseﬁbly being
in'spaced relationship with respect to cutting elements of
‘other cutter assemblies; and ' '
*“l said plurallty of cuttlng elements are doughnut-shaped
= ultra-hard inserts mounted on nubs formed in said flat
"truncated face of-séid cutter'aséembly.

| 40. The rotary cone drill bit, as set forth in claim
39, further comprising: o

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

1nserts bonded to said mating contours.
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aﬂd a pr of support arms depen
done are ﬂll Hﬂ mody, conprising the st
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1. A rotary cone drill bit having a rotatable bit body and

at least two support arms extending therefrom, said support

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

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

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

a plurality of. secondary cutting elements mounted
in downward facing surfaces of said dome area of said
bit body, wherein said plurality of primary cutting
elements are doughnut-shaped ultra-hard inserts mounted
on nubs formed in said flat truncated face of said

cutter assemblies.
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respective r hereof in spaced relation w th one

anot her; ' ' a plurality of cutter inserts to said flat
truncat ed “m ml““iﬁm\er assenblies; and bonding a‘plurality
of cutter L ward - facigg surfaces to said done area;
wherein said cutter insert bondi ng to ¢4 d dome area step further
conpri ses the steps of: formng a plurality of protruding nubs on
sai d downward facing surfaces of said donme area; and bondi ng

a pluralipy of Adgggggyt coharadi4t b8t having' BSbtachB18abd cNUBEAAMa

surroundi ng surface areas.
at least two support arms extending therefrom, said support

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

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

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

a plurality of secondary cutting elemeﬁts mounted
in downward facing surfaces of said dome area of said
bit body and rotating therewith, and wherein said
plurality of secondary cutting elements are
doughnut -shaped ultra-hard inserts mounted on nubs

formed in dome area surfaces of said bit body.
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12." The mettiod—as—set—forth in claim 11, wherein said cutter insert

bondi i ea step further conprises the steps of:
-19- rﬁ'mg’m,"ﬂmjﬂé a plurality of mating contours on said done
area, sald@ natl urs each having,a_ protrudi ng nub extending

above said done area at an angl e; "and bonding said plurality

of doughnut - shaped cutter

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

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

shaped inserts bonded to said mating contours. -

4. The rotary cone drill bit, as set forth in claim 2,
further comprising:

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

inserts bonded to said mating contours.

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

a frusto-conical body having a back face connected
to a substantially flat truncated face by conical
sides;

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

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

a plurality of doughnut-shaped inserts bonded to

said nubs.
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inserts to sai ' tours. 13. The method, as set forth in claim
i2, Wnelr_mm contours formng step conprises the step of

ext endi Q wﬂml d angl e rangi ng between 0-45[err] inclusively.
14. The ﬁbtﬁodt as rth in clain1i§ mhereln said mating contour
form ng step conprises the step of exfenrdin said nub at said angle

rangi ng between 15-25[err] inclusively. 15 A rotary cone drill bit
having a rotatable bit body and at |east two support arms extendi ng

ther ef romsconpihsi Rgteer assembPy, | 485kt WRJrtNGH < £AR1 521 £Guthek

assenbl i es
comprising:

a plurality of mating contours in said
substantially flat truncated face, said mating contours
including said nub protruding therefrom at an angle;
and said plurality of doughnut-shaped inserts bonded to

said mating contours.

7. A method for manufacturing a rotary cone drill bit
having a bit body and a predetermined rnumber of support arms
depending therefrom forming a dome area under said bit body,
comprising the steps of:
forming the same predetermined number of truncated
conical cutter assemblies, each cutter assemblies being
frusto-conical in shape having a back face connected to
a substantially flat truncated face by conical sides,
said cutter assemblies being adapted to rotate about
respective rotational axes thereof in spaced relation
with one another;
bonding a plurality of cutter inserts to said flat
truncated face of said cutter assemblies;
bonding a plurality of cutter inserts to downward
facing surfaces of said dome area;
wherein said cutter insert bonding to said flat

truncated face step further comprises the steps of:
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rotatably coupled to said support arms and each rot at abl e about a

respect i ve—ax+s—directed downwar dl y and inwardly, said truncated
coni cal cut | es bei ng conical frustuns in shape having a
back face mﬁmgﬂﬁ }, H“m a flat truncated face by conical sides,

sai d back c *¥ncated face having a pr edet er mi ned angl ed
rel ati onship; - 20- saj4_truncated conical cutter

assenbl i es bei ng

forming a plurality of protruding nubs on said
flat truncated face of said cutter assemblies; and
bonding a plurality of doughnut-shaped cutter

inserts to said nubs and surrounding surface areas.

8. The method, as set forth in claim 7, wherein said
cutter insert bonding to said flat truncated face step
further comprises the steps of:
forming a plurality of mating contours on said
flat truncated faée of said cutter assemblies, siad
mating contours each having said protruding nub
extending above said flat truncated face at an angle;
and
bonding said plurality of doughnut-shaped cutter

inserts to said mating contours.

9. The method, as set forth in claim 8, wherein said
mating contour forming step comprises the step of extending

said nub at said angle ranging between 0-45° inclusively.

10. The method, as set forth in claim 8, wherein said
mating contour forming step comprises the step of extending

said nub at said angle ranging between 15-25° inclusively.

reantore
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spatiaFFy-LgcaLed‘Lg_LQLFla core in the center section of the

bor ehol e; a plurality of cutting elenents arranged in a

pr edet er ﬂﬂmfm,nm coupled to said flat truncated face of
said tru i tter ' assenblies, said plurality of cutting

el ements of each *cutter assenbl’y“being in spaced relationship with

respect to cutting elenents of other cutter assenblies; and
said plurality of cutting elenents are doughnut - shaped ul tra-hard

icﬂfteéﬁs meynt egsg}{e?er%’f‘é’é for maﬁ&f%@dﬁr’?&ig&'oactaﬁ ugsake Gt AfE BhicsSal d
having a bit body and a predetermined number of support arms
depending therefrom forming a dome area under said bit body,
comprising the steps of:

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

boﬁding a plurality of cutter inserts to said flat
truncated face of said cutter assemblies; and

bonding a piurality of cutter inserts to downward
facing surfaces to said dome area;

wherein said cutter insert bonding to said dome
area step further éomprises the steps of:

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

bonding a plurality of doughnut-shaped dutter

inserts to said nubs and surrounding surface areas.

12. The method, as set forth in claim 11, wherein said
cutter insert bonding to said dome area step further

comprises the steps of:
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16.* The rotary come driti—bit, as set forth in claim15, further
conpri si plurality of mating contours forned on said flat
truncat egmmmllml%wull tter assenblies, said mating contours

havi ng satd protrwdi mg mub extending at _an - angle fromsaid face; and
said plurality of doughnut-shaﬁéa'inserts bonded to said mating
cont ours.

forming a plurality of mating contours on said
dome area, said mating contours each having a
protruding nub extending above said dome area at an
angle; and

bonding said plurality of doughnut-shaped cutter

inserts to said mating contours.

13. The method, as set forth in claim 12, wherein said
mating contours forming step comprises the step of extending

said nub at said angle ranging between 0-45° inclusively.

14. The method, as set forth in claim 12, wherein said
mating contour forming step comprises the step of extending

said nub at said angle ranging between 15-25° inclusively.

15. A rotary cone drill bit having a rotatable bit body and
at least two support arms extending therefrom comprising:
at least two truncated conical cutter assemblies
rotatably coupled to said support arms and each
rotatable about a respective axis directed downwardly
and inwardly, said truncated conical cutter assemblies
being conical frustums in shape having a back face
connected to a flat truncated face by conical sides,
said back face and said truncated face having a

predetermined angled relationship;
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-20-

said truncated conical cutter assemblies being
spatially located to form a core in the center section
of the borehole;

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

said plurality of cutting elements are
doughnut-shaped ultra-hard inserts mounted on nubs
formed in said flat truncated face of said cutter

assembly.

16. The rotary cone drill bit, as set forth in claim 15,
further comprising:

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

doughnut -shaped inserts bonded to said mating contours.
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