¥.EARTH BORING BIT This invention relates generally to earF@Tﬁpﬂjngr,Q:j
es for such

drill  bits, and particularly to inproved cutting structu

bits of the hardnetal insert variety. 5 The success of rotary drilling
- enabl ed the discovery of deep oil and gas reservoirs. The rotary rock bit
was an inportant invention that made rotary drilling econom cal.

Only soft earthen formations could be comercially penetrated with the
earlier drag bit, but 10 the two cone rock bit, invented by Howard R
Hughes, U.S. Patent No. 930,759, drilled the hard caprock at the
spindletop Field, near Beaunont, Texas, with relative ease. That
venerabl e invention, within the first decade of this century, could drill a
scant fraction of the 15 depth and speed of the nodern rotary rock bit. If
the original Hughes bit drilled for hours, the nodern bit drills for
days. Modern bits sonetines drill for thousands of feet instead of
nerely a few feet. Many advances have contributed to the inpressive

i mprovenent 20 of rotary rock bits. In drilling boreholes in earth
formati ons by the rotary nethod, rotary gock bits fitted with one, two, or

EARTH BORING BIT

This invention relates generally to earth-boring
drill Dbits, and particularly to inmproved cutting
structures for such bits of the hardmetal -insert variety.

5 The success of rotary drilling enabled the discovery
of deep oil and gas reservoirs. The rotary rock bit was
an important invention that made _rotary drilling
economical. Only soft earthen formations  could be
commercially penetrated with the earlier drag -bit, but

10 the two cvone rock dit, invented by Howard R. Hughes, U.S.

Patent HNo. 930,759, drilled the hard  caprock at- the
Spindletop Field, necar Beaumont, Texas, with rolative
ease. That venerable invention, within .the first decade
of this century, could drill a sgcant fraction of the

15 gepth and speed of the modern rotary rock bit. If the
. original Hughes bit drilled for hours;  the. modern bit
drills for days. ‘Modern bits sometimes. drill for
thousands of feet instead of merely a few feot. Many
advances have contributed -to the 4impressive improvement
20 of rotary rock bits.

In drilling boreholes in earth formations by the
rotary method, rotary rock bits fitted with one, two, or
three rolling cutters, zrotatably mounted thereon, are



threesrolling cutters, rotatably nounted thereon, are 2 enpl oyed. The

bit is secured to the lower end of a drill string that is rotated fromtho
surface or by downhole notors or turbines. The cutters nounted on the bit
roll upon the bottom of the borehole as the drill string is 5 rotated,

t her eby engagi ng and disintegrating the formation material to be
renoved. The roller cutters are provided with teeth that are forced to
penetrate and gouge the bottom of the borehole by weight fromthe drill
string. 10 The cuttings fromthe bottom and sides of the well are washed

away by drilling fluid that is punped down fromthe surface through the
holl ow, rotating drill string, and are carried in suspension in the
drilling 15 fluid to the surface. The for4nand | ocation of the teeth

upon the <cutters have been found to be extrenely inportant to the
successful operati amplbybie brlie Mier faisecazpacts ohet hevelesingn odf at 8111
Cutters becorre ctring that is rotated from tha surface or by downhole
motors or turbines. The cutters mounted on the bit roll
upon the bottom of the borehocle as the drill string is
5 rotated, thereby engaging and disintegrating the
formation material to be removed. The roller cutters are
provided with teeth that are forced to penetrate and
g.ouge the bottom of the borehole by weight from the drill
string. '
10 .

The cuttings fromz the bottom and sidez of the well
are washad away by drilling fluid that is pumped down
from the surface through -the hollow, rotating drill
string, and are carried in suspension in the drilling

15 fluid to the surface. The form and location of the teeth
upon the "cutters have been found to be extremely
important to TtThe successful operation of the bit.
Certain aspects of ths design of the cutters becoxe
particularly important if the bit is to penetrate deeply

20 into a formation to effectively strain and induce failure
in wmoro .plactically bohaving rock formations such ax

shales, siltstones, and chalks.

A significant development 1n thie history of rolling

25 cone carth-boring bits was the introduction of the
tungsten carbide insert (TCI) bit by Hughes Tool Company

in 1951. In these TCI bits, the cutting teeth are
provided by securing, by press-fit or otherwise, inserts

or buttons of tungsten carbide, or other hardmetals, to

30 the surface or shell of the cutters. The original TCI
bit is disclosed in U.S. Patent No. 2,687,875, Aaugust 31,
1954, to Morlan et al. These TCI bits, because of their

- gaxcellent wear Tresistance properties, substantially



particularly inportant if the bit is to penetrate deeply 20 into a
formation to effectively strain and induce failure in nore plastically
behaving rock formations such as shales, siltstones, and chal ks. A
~significant devel opnent in the history of rolling 25 cone earth-boring-
bits was the introduction of the tungsten carbide insert (TCl) bit by
Hughes Tool Conpany in 1951. In these TCl bits, the <cutting teeth
are provided by securing, by press-fit or otherw se, inserts or buttons of
tungsten carbide, or other hardnetals, to 30 the surface or shell of the
cutters. The original TCl bit is disclosed in U S. Patent No. 2,687, 875,
August 31, 1954, to Morlan et al. These TCl bits, because of their

excel | ent wear resistance properties, substantial ly 3 |ncreased
the penetration rates and operating lives oB earth-boring bits.

Subsequent i rrprov;rreﬁrﬁlatg%glan % er?belg‘teﬁ%%?ﬂnm Oag:yets [ Aatg§ 1141:91 ééémo f

bits with chisel g Ccr ncrea he S| ity
of 5 the teeth cyxsh-penénpgabdtsand SuHqu\fﬁ’égrm@""‘I‘GPﬁﬁ?Iéﬁ TCI bit

technology include the provision of bits with chisel-
shaped insarts having crests that increase the ability of

S the teeth to penetrate and disintegrate formation
material. Such inserts are disclosed in- U.S. Patent No.
3,442,342, May 6, 1969, to McElya et al.

In drilling shales and siltstones, which- are the
10 dominant 1lithologies in oil well drilling, -and other
earthen formations, two problems frequently arise. One
problem, known as "tracking," occurs-when the inserts of
a cutter fall in the same indentation that was made on
the previous revolution of the bit. When this occurs,
15 the inserts of the cutters on the bit are said to
atrack." Tracking causes the formation of a pattern of
smooth hills and valleys, known as “rock teeth," on the
bottom of the borehole. Tracking thus results in a
sculptured drilling surface that closely:- matches <the
20 pattern of the inserts of the cutters, -making it more
difficult for the .inserts to reach tho virgin rock at the
bottom of the valleys. The sculptured pattern also tends
to redistribute the weight on the bit from tha tips of
. the inserts to the cutter shell surface, which impedes
25 deep penetration and 1leads to inefficient material
| fragment;ation,‘ and often to damage to the bit and bit

. bearings. : :

The other problem frequently encountered .in drilling

30 shales, and other soft earthen formations, is Xnown as
-"balling." . Balling occurs when formation w®material
becomes lodged between the inserts on the cutter of the
bit. Balling, likxe tracking, prevents the inserts of the



naterkal . Such inserts are disclosed in U S. Patent No. 3,442,6342, My 6,
1969, to McElya et al. In drilling shales and siltstones, which are the 10
domnant lithologies in oil well drilling, and other earthen fornations,
two problens frequently ari se. One problem known as "tracking," occurs
when the inserts of a cutter fall in the same indentation that was nade on
the previous revolution of the bit. When this occurs, 15 the inserts of
t he cutters on the bit are said to "track." Tracking causes the
formation of a pattern of snmooth hills and valleys, known as "rock teeth,
on the bottom of the borehole. Tracking thus results 1in a scul ptured
drilling surface that closely matches the 20 pattern of the inserts of the
cutters, making it nore difficult for the 1nserts to reach the virgin rock
at the bottom of tdetéal Eeys. peHa@raciht 6 et PRt th alt3@st %egﬁléﬂag{ i

e

redi stribute the weight on the bit fromit ips of the inserts to
cutter shell surfd@gg WAt ER iWSe dE tég 663355“§EneFP rBR aR8 PFE%TR ™ to

inefficient matertih®l forsgmemt dtheortipmdodf ttbr timsdartegeftom tiezdhiihgand bit

beari ngs. The ot hevaiobhechbgguentdrhceneouptared in drilling 30 shales,
and ot her softsearthen formations, is known as

The characteristics of both tracking and balling are
well-recognized, but generally are treated as independent
problens. Balling 1is more 1likely to occur between
closely spaced, low-projection inserts and such inserts

10 are severely limited in their ability to pecnetrate the
formatiqn'deeply. Therefore, TCI bits designed for
soft-formation drilling typically have relatively high-
projection and vwidely spaced inserts. Hovever, high-
projection and widely spaced inserts are prons to

15 tracking. Additionally, because the teeth of TCI bits
are formed of materials having excellent hardness and
abrasion-resistance, but gengrally 1low toughness, the
protrusion of such teeth r}:om the surface of the cutter
is necessarily limited to avoid excessive fracture of the

20 1inserts. Therefore, TCI bits are more susceptible to
balling and its deleterious effects.-

One regquirement for earth-boring bits of the rolling

cone variety is that the bits must paintain a relatively

25 constant diameter of gage of the borehole during drilling
operation. If the gage 1s not maintained at a relatively
constant dimension, i.e. the borehole diameter beacomes
diminished as drilling depth and bit wear increase, the

bit may draw more power and becomes a less efficient

30 drilling tool. An undergage borehole is wasteful of
rotary cutting energy and shortens bit 1life, leading to
more time-consuning and expensive drilling. To assist in

maintenance of the gage of the borehole during drilling,



"bal | i hg.

fracture

rock.

Balling occurs when formation nmaterial becones | odged
between the inserts on the cutter of the bit. Balling, |ike tracking,
prevents the inserts of the cutter frompenetrating to full depth,
resulting in inefficient and costly drilling. Bal ling al so prevents
force on the tips of the inserts fromreaching a level sufficient to

5 The characteristics of both tracking and balling are

wel | -recogni zed, but generally are treated as i ndependent problens.
is nmore likely to occur between closely spaced,

| ow- projection inserts and such inserts 10 are severely limted in their
ability to penetrate the formation deeply. Therefore, TCI bits
for soft-formation drilling typically have relatively high-
projection and w dely spaced inserts Povever, hi gh- projection and
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protecting hardmetal inserts on the gags surface of the
cutters, and a heel row of protruding, generally_ ovoid or
wvedge-shaped inserts located on the cutter to
disintcgrate formation material at the intersection of
the borehole sidewall and the borehole bottom. In these
convantional bits, the crests of the wadge~-shaped heel
inserts are aligned with the axes of rotation of the
cutters and are referred to as "axial"™ inserts. Such
insert cutting structures are disclosed in U.S. Patent
No. 2,774,570, December 18, 1956, to Cunningham and U.S.
Patent No. 2,774,571, Decenber 18, 1956, to Morlan.

There exists a need, therefore, to provide an earth-
boring bit of the TCI variety having a cutting. structure
designed to penetrate relatively soft earthen -formations
rapidly by simultaneously minimizing the occurrence of
both tracking _and balling, and by paintaining a
substantially donstant gage during the operating life of
the bit.



i

protrusion of such teeth fromthe surface of the cutter is necessarily
limted to avoid excessive fracture or the 20 inserts. Therefore, TCl
bits are nore susceptible to balling and its deleterious effects. One
requi renent for earth-boring bits of the rolling cone variety is that the
bits nmust maintain a relatively 25 constant dianeter of gage of the

borehole during drilling operation. If the gage is not nmaintained at a
relatively constant dinension, i.e. the borehole dianeter becones _

di m nished as drilling depth and bit wear increase, the bit may draw nore
power and becones a |less efficient 30 drilling tool. An under gage
borehole is wasteful of rotary cutting energy and shortens bit |ife,

| eading to nore tine-consum ng and expensive drilling. To assist in

mai nt enance of the gage of the borehole during drilling, 5 conventi onal

insert bits typically enploy a conbination or a gage row of
substantially flat-topped, wear- protectg ng hardnetal inserts on the gage
-surface of the cutters, and a heel row of protruding, generally ovoid or

It is a general object of the present invention to

provide an earth-boring bit of the rolling cone variety
5 having improved ability to penetrate earthen -formations.
This and other objects of the ‘present-  invention are
accomplished by providing an earth-boring bit- having a
bit body, the bit body having at least two cutters
mounted for rotation on a bearing shaft- that depends from
10 the bit bedy, and each cutter having a nose and a base.
At least one of the cutters is provided with a heel
cutting structure defined by a plurality of heel inserts
having crests thereon, the heel inserts being disposed in
at least one substantially circumferential heel row and
15 the crests of the heel inserts being generally aligned
transversely to the rotational axis of the cutter. At
least another of the cutters includes a -substantially
circumferential row of axial inserts disposed proximally
to the base of the cutter. The crests of the axial
20 inserts are generally aligned with the rotational axis of
the cutter.

According to a preferred embodiment of the

invention, an earth~boring bit is pi'ovided with three

25 cutters and two of the threce cutters are provided with
the heel cutting structure. )

In another eumbodiment of the invention, each

traversely aligned heel insert defines an inner insert

30 surface and an outer insert surface, and at least the

outer insert surface is formed of a super-hard, abrasion-

resistant material, such as polycrystalline diamond or
cubic boron nitrids, '



5 wedge- shaped i nserts | ocat ed on t he cutter to disintegrate
formation material at the intersection of the borehol e sidewall and the

borehol e bottom In these conventional bits, the crests of the
wedge- shaped heel inserts are allgned W th the axes of rotation of the 10
cutters and are referred to as "axial" inserts. Such insert cutting

structures are disclosed in U S. Patent No. 2,774,570, Decenber 18, 1956,
‘to Cunni ngham and U.S. Patent No. 2,774,571, Decenber 18, 1956, to Morl an.
15 There exists a need, therefore, to provide an earth- boring bit of
the TCl variety having a cutting structure designed to penetrate relatively
soft earthen formations rapidly by sinultaneously mnimzing the _
occurrence of both tracking and balling, and by mintaining a 20
substantially constant gage. during the operating life of the bit. it is
a general object of the present invention To provide an earth-boring bit of
the rolling cone variety 5 having inproved ability to penetrate earthen

formations. This aré%legt h%ri”e Lect Seea furgge PL &5 e aviameagbbOnof arehe

t 1nventlon will be apparent to. those skilled in

resen
7 draw:mgs and

the art with rcference to the following

s detailed description of the preferred embodiment of the

precent invention.



acconpl i shed by providing an earth-boring bit having a bit body, the bit
body having at least two cutters nounted for rotation on a bearing shaft
that depends from 10 the bit body, and each cutter having a nose and a
base, At |east one of the cutters is provided with a heel cutting structure
defined by a plurality of heel inserts having crests thereon, the heel
inserts being disposed in at |east one substantially circunferential heel
row and 15 the crests of the heel inserts being generally aligned
transversely to the rotational axis of the cutter. At |east another of the
cutters includes a substantially circunferential row of axial inserts

di sposed proximally to"the base of the cutter. The crests of the axial 20
inserts are generally aligned with the r&tational axis of the cutter.
According to a preferred enbodinent of the invention, an
earth-boring bit is provided with three 25 cutters and two of the three
cutters are provided with the heel cutting structure. In another

enbodi mrent of the invention, each traversely aligned heel insert
defines an inner i Bégure30 Isur¥ cperspestiveoyiey ofsan eanrthaberiagd at

| east the out eyit RTB6EdBAY fas &heSpt ok s iabant SaHET - hard, abrasion-

Fiqure 2 is a perspective .view, viewed- from below
looking upwardly, of the cutters of the earth-boring bit
5 of Figure 1.

Figure 3 is an elevation view of a chisel-shaped
insert contemplated for use with the present invention.

Figure 4 is a fragmentary, enlarged section view of

an earth~beoring bit that schematically illustrates the

10 cutting profile of an earth-boring bit according to the

present invention defined by the cutters and teeth
thereon relative to the borehole.



r'esi stant material, such as polycrystalline dianond or cubic boron nitride.

7 other objects, features, and advantages of the

present invention

wi Il be apparent to those skilled in the art with reference to the
following drawings and 5 detailed description of the preferred enbodi nent
of the present invention. 8 Figure 1 is a perspective view of an

earth-boring bit according to the present invention. Fi
perspective view, viewed from bel ow | ooking upwardly,

gure 2 is a
of the cutters of

the earth-boring bit 5 of Figure 1. Figure 3 is an elevation view of a

chi sel -shaped insert contenplated for use with the present invention.
Figure 4 is a fragnentary, enlarged section view of
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Figure 1 illustrates an earth-boring bit 11
according to the preéent invention. Bit 311 is provided
with a bit body 13, which is threaded at its upper extent
for conncotion inte a drillstring. -Bit ‘body 13 is
provided with at 1least one nozzle 1S5, -+which sprays
drilling fluid from within the drillstring to .cool bit 11
and wash cuttings produced during drilling. out of the

borehole.

A plurality of cutters 17, 1%, 21, in this case
three, are nounted for 'rotation on cantilevered bearing
shafts (not shown) depending from bit body 23. Cutters
17, 19, 2% have noses and bases, and are p&:oéided with a
plurality of teeth formed by press—fitting or otherwise
securing inserts 23 into sockets formed in the surfaces
of cutters 17, 19, 21. inserts 23 may be formed of a
variety of hard, abrasion-resistant m,aterials,' including,
but not limited to, tungsten carbide. . Duri_né; drilling
cperation, cutters 17, 19, 21 roll over the bottom of the
borehole being drilled while insert teeth 23 'penetrate
and disintegrate the formation. '

Bit 11 is further provided with a heel cutting
structure 27 according to the present invention. In the
preferred embodinment inustrate"d, heel cutting structure
27 is provided on two cutters 17, 19,.while third cutter
21 is provided with conventional axial inserts 23 in the
heel region. Cutters 17, 19, 21 are further pmvidéd
with a plurality of gage inserts 33 disposed in



an earth-boring bit that schematically illustrates the 10 cutting profile
of ‘an earth-boring bit according to the present invention defined by the
cutters and teeth thereon relative to the borehol e. 9 Figure 1
illustrates an earth-boring bi t 11 according to.the present
invention. Bit 11 is provided 5 wth a bit body 13, which is threaded at

Its upper extent for connection into a drillstring. Bit body 13 is
provided with at |east one- nozzle 15, which sprays drilling fluid
fromw thin the drillstring to cool bit 11 and wash cuttings produced
during drilling out of the 10 borehole. A plurality of cutters 17, 19,

21, in this case three, are nounted for rqtation on cantilevered bearlng
shafts (not shown) depending rrom bit bod§L 13. Cutters 15 17, 19, 21
have noses and bisesmfearwhtiad powwicedhs tdage Muwfatésyobfcwm#‘sfmned by
press-fitting oge Ot£I§I’WI se securing inserts 23 into sockets fornmed in the
surfaces of cuttefs 17, 19, 21. Inserts 23 may be formed of a

With referance now to Figure 2, a more detailed view
s of bit 11, viewed from below locking upwardly, is
depicted. In this illustration, inserts 23.-and heel
cutting structure 27 can be more fully appreciated. all
three cutters 17, 19, 21, are provided - with inserts 23
arranged in a plurality of substantially circumferential
10 rows. Inserts 23 are illustrated as chisel-shaped
inserts, but could also be ovoid-shaped, ogive-shaped, or
any other conventional shépe. Chisel-shaped inserts 23
on the inner rows have their crests 25 ‘generally aligned
with'the_axes of rotation of cutters 17; 19, 21, and thus

1S are referred to as "axial"™ inserts. :

Cutter 21 is provided with, among other rows, a

substantially circumferential heel row of axial inserts

23. Crests 25 of axial inserts in the heel rov of cutter

20 21 are generally aligned with the axis of rotation of

cutter 23. As will be described in 'greater'detﬁi'l with

reference to the operation of the pr'ese"n'ﬁ invéntion, the

heel row of axially crested inserts on cutter 21

cooperates vith heel cutting strudture 27 -on cutters 17,

25 19 to improve the ability of hit 11 to penetrate earthen
formations.

‘Heel cutting structure 27 comprises a- plurality of

heel inserts 29 haviziq crests 31 thereon arranged in a

- 30 substantially circumferential row proximal to the bases
of cutters 17, 19. Crests 31 of heel -inserts 29 are
aligned generally transversely to the rotational axes of



vari et’'y of hard, abrasion-resistant materials, includi

ng, 20 but not

limted to, tungsten carbi de. During drilling operation, cutters 17, 19,
21 roll over the bottomof the borehole being drilled while insert teeth 23
penetrate and disintegrate the formation. 25 Bit 11 is further

provided with a heel cutting structure 27 according to the. present

I nventi on. In the preferred enbodinment illustrated,

heel cutting

structure 27 is provided on two cutters 17, 19, while third cutter 21 is

provi ded with conventional axial inserts 23 in the 30

heel region.

Cutters 17, 19, 21 are further provided with a plurality of gage
inserts 33 disposed in 10 circunferepfial rows on the gage surfaces

~of cutters 17, 19, 21. Wth reference now to Figure 2,

a nore detail ed view

"5 of bit 11, vi evetitérombellBy landkkhgs (pWwearight anglgspitet eests |25 198 s

ilTustration, inggetScrtasidd Beehsdit ihBdeehrasgt ure 27 can be nore fully
appreciated. Al three cutters 17, 19, 21, are provided vm'th_ I nserts 23
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Referring nov to Figure 3, a chizel-shaped heel
insert 29 is illustrated. Chisel-shaped- heel insert 29
shown is that employed in heel cutting. structure 27 of
earth-boring bit 11 according to the present invention
illustrated in Figqures 1 and 2.  Chisel-shaped heel
insert 29 includes a generally cylindrical insert body'
29a, which is provided at its upper extent with a pair of
opposing : insert surfaces 29b and 2%¢. " ‘Insert surfaces
29b and - 29¢ converge to define crest. 31.: In the
embodiment illustrated, insert surfaces 2Sh, 29¢ are
generally planar or slightly convex outwardly. In other
embodimerits, insert surfaces 29b, 29%9¢ may beé concave_
inwardly.

Because insert 29 is secured to its cutter with its
crest 31"351,19118(1 generally transversely to the rotational
axig of t;he cutter, one of insert surfaces 29_b-is defined

as an outer surface bocause it faces. cutwardly, toward

 the sidewall of the borehole baing drilled. It follows,

then, that opposing insert surface 29e¢ iz ‘defined as an
inner surface. Preferably, at least outer ‘surface 29b is
formed of .a super~-hard, abrasion-resistant material, such
as polyc.i;firsta‘liine diamond or cubic boron nitride, to
increase the wear resistance of heel insert 29. Such a
surface may be formed in a :‘mumber of conventional
manners. . Provision of one of surfaces 29d, 29c¢ with
increased wear-resistant properties renders insért 29
self—shaxi’;;ening, vherein the differential in vear rates
between surfaces 25b, 29%¢ maintains a .sharp and well-
defined insert crest 31 throughout the. operating life of



arranged in a plurality of substantially circunferential 10 rows.

Inserts 23 are illustrated as chisel-shaped inserts, but could al so be
ovoi d- shaped, ogive-shaped, or any ot her conventional shape.

Chi sel -shaped inserts 23 on the inner rows have their crests 25 generally
aligned with the axes of rotation of cutters 17, 19, 21, and thus 15 are
referred to as "axial" inserts. Cutter 21 is provided with, anong other
rows, a substantially circunferential heel row of axial inserts 23.

Crests 25 of axial inserts in the heel row of cutter 20 21 are generally
aligned with the axis of rotation of cutter 21. As will be described in
greater detail with reference to the operation of-the present invention,
the heel row of axially crested inserts on cutter 21 cooperates with heel
cutting structure 27 on cutters 17, 25 19 to inprove-the ability of bit 11
to penetrate earthen formations. Heel cuttiﬁﬁ structure 27 conprises a
plurality of heel bitisekks 29Pwaferapltesteed]. cotfdngn stanFkRERd 3H 430

substantial |y Cirgusf £{Ntdmlct@erd RIvIRY tdud ¥ BaGas19f ceditad stdatn 19.
Crests 31 of heel _inserts 29 are aligne eneral erse )
Totat; onal Caxos: of"EE6SSLY 2aYateRt | IS BAN TP lchl ARRBKTT Y ddie
17, 19; while the cutter with the next: adjacent row of
S axially crested teeth 23 furthest from the base of the
cutter is provided with axially crested teeth .23 proximal

to the base of the cutter, i.e. cutter 21.

Figure 4 is an enlarged, fragmentary section view of
10 an earth-boring bit according to the present  -invention
that schematiéally illustrates the cutting. profile
defined by such a bit relative to a borehole - 4S5 being
drilled. Illustrated is a schematic -representation of
the superimpositioh of the inner .rows of teeth, defined

1S by axial inserts 23, and heel cutting structure 27.

outermost and adjacent the gage or sidewall
outermost diameter of borehole 45, .gage inserts 33.
protect the gage aurface of the cuiters from abrasive
20 wear resulting from contact with the sidewall -of borehole
4S. At the intersection of the sidewall and the bottom
of borehole 45, heel inserts 29 on cutters 17, 1% engage
the formation material along with axial inserts 31 of
cutter 21. Preferably, and as illustrated, crests 31 of
25 heel inserts 29 of heel cutting structure 27 -protrude the
same distance from the cutter surface as crests 25 of
axial inserts .23. Inwardly from the intersection of the
sidewall and bottom of borehole are the remainder of the
inner rows of axial inserts 23.
30 ' _
Referring to Figures 1-4, the operation of earth-
boring dbit 11 according to the present invention will be
described. The interfitting arrangement of heel inserts-



cutters 17, 19, and thus at right angles to crests 25 of the remai nder of
axial inserts 23. Referring nowto Figure 3, a chisel-shaped heel 5 insert
29 is illustrated. Chi sel -shaped heel insert 29 shown is that enployed in
heel cutting. structure 27 of earth-boring bit 11 according to the present
invention illustrated in Figures 1 and 2. Chi sel -shaped heel insert
29 includes a generally cylindrical insert body 10 29a, which is provided
at its upper extent with a pair of opposing insert surfaces 29b and 29c.

Insert surfaces 29b and 29c converge to define crest. 31. In the
enbodi nent illustrated, insert surfaces 29b, 29c are generally planar
or slightly convex outwardly. In other 15 enbodinents, insert surfaces

29b, 29c may be concave inwardl.y. Because insert 29 is secured to its
cutter with its crest 31 aligned generally,;§ransversely to the rotational
20 axis of the cutter, one of insert surfaces 29b-is defined as an outer

surface because b £R8esxOM WHHte 250WbHelbE st SRk % t&%&@w ehol e

being drilled. It follows, then, that opp05|ng I nsert surface
defined as an improved cuttlng action on the bottom and gage of the

borehole 4S. As the bit rotates, cutters 17, 19, 21 roll

and slide over the bottom of borehole 45, permitting hoeol

S inserts 2% of heel cutting structure 27 and axial inserts

23 to engage, penetrate, and disintegrate borehole 4S.

Circumferential crests 31 of heel inserts 29 of heel

cutting structure 27 circumscribe a relatively narrow

path adjacent  and - overlapping the .widely spaced

10 ippressions left by the remainder of the rows of axial
inserts 23.

Heel inserts 29 with circumferentially aligned

crests 31 can penetrate formation material more ecasily

15 and "dice® nascent rock teeth betveen impressions left by
adjacent axially crested inserts 23. These effects
combine to provide a cutting structure that pocses 3es
increased ability to avoid tracking and balling
conditions and rxesults in more efficient and rapid

20 penetration of formation material.

Furthermore, heel inserts 29 of heel cutting
structure 27 very effectively kerf and scrape the gage or
borehole sidewall, generating only relatively small

25 quantities of undesirably fine cuttings,  and cooparate
vith the remainder of heel and inner rows of axial
inserts 23 to move cuttings away from the gage and toward
the fluid nozzle (1S in Figure 1), which pronmotes the
ability of earth-boring bit 11 to maintain gage and wash

30 formation cuttings up the borehole 4S. Also, because
outer insert surfaces 29b, of heel inserts are in
engagement with the sidewall of borehole 4S, a relatively

large surface area is exposed to abrasive wear, and the



inner, surface. Preferably, at |east outer surface 29b is 25 forned of a
super-hard, abrasion-resistant material, such as polycrystalline dianond or
cubic boron nitride, to increase the wear resistance of heel insert 29.
Such a surface may be forned in a nunber of conventional manners.

Provi sion of one of surfaces 29b, 29¢c with 30 increased wear-resistant
properties renders insert 29 self-sharpening, wherein the differential
in wear rates between surfaces 29b, 29c maintains a sharp and wel | - defined
i nsert crest 31 throughout the operating life of 12 bit 11.

Preferably, heel cutting structure 27 is provided on cutters having
rows of axially crested teeth 23 closely adjacent the base of the cutter,
e.g. cutters 17, 19; while the cutter mﬁt@athe next adj acent row of 5
axially crested teeth 23 furthest fromthe base of the cutter is provided
with axially crested teet, to the base of .cutter

cutter 21. Fi gur®*%¥ isrezfr’rrs]é%%‘é&rgce)%% n?ll?%‘blrren?‘éﬁ/”?ect?fcﬁt?h 48 0f240 1%n
eart h-boring bi tireseesed ng S«ift-bbayposagt henlcibsarts 29, as described
herein wmaintain sharp and well-defined - crests 31

throughout the operating 1life of bit 11;" thereby

5 increasing the ability of heel cutting -structure 27 to

effectively kerf the gage of the boreholel

The earth-boring bit according to the present
invention has a number of advantages. One advantage is
10 the improved and increased rate of - penetFation of
formation.  Another advantage is that the bit has an
improved ability to maintain the gage or diameter of the
borehole being drilled  through the gage-Xerfing
characteristics of the heel inserts of ‘the heel cutting
15 structure. This advantage provides a mniore -consistent
borehole diameter, and permits -maintenance of high
penetration rates over the life of the bit. 'Yet another
advantage is that the bit runs coecler and longer because
it is less prone to balling. '
20
The invention has been described with reference to
preferred embodiments thereof. Those skilled in the art
will appreciate that the praesont invention i cusceptible
to variation and modification without departing ‘from the
25 scope and spirit thereof. '



t hat . Schena%LeaLnghLLngiggigz the cutting profile defined by such a
bit relative Hp a boreho ing drilled. I[llustrated is a schematic

representatio lﬂuwiw osition of the inner rows of teeth, defined
15 by axi al lr eeI cutting structure 27. Quternost and
adj acent the gage Si outernost dianeter of borehole 45,

gage inserts 33 protect t he gage surface of the cutters from abrasive 20
wear resulting fromcontact with the sidewall of borehole 45. At the
intersection of the sidewall and the bottom of borehole 45, heel inserts 29
on. cutters 17, 19 engage the formation nmaterial along with axial inserts
31 of cutter 21. Preferably, and as illustrated, crests 31 of 25 heel
inserts 29 of heel cutting structure 27 protrude the same distance fromthe
cutter surface as crests 25 of axial inserts . 23. Inwardly fromthe
intersection of the sidewall and bott@magMSborehol e are the remai nder of
the inner rows of axial inserts 23. 30 Referring to Figures 1-4, the

gperation of eart ROLDbLc i IAECLALIN B8, LUB-BEERSfsd Bpentlon w1
penetration into earthen formations, the earth-boring bit
‘comprising:
S a bit body;
at least two cutters, each cutter mounted for
rotation on a bearing shaft depending from the bit body,
each cutter inclﬁdigg a ucée and a base
a plurality of inserts secured to each cutter, the
10 inserts arranged in substantially circumferential rows on
each cutter, a first cuttef having a sx-J_b,gtar.ltial];y
circumferential row of axial inserts having crests
thereon disposed proximally to the base of the first of
the cutters; the crests.of the axial inserts being
15 generally aligned with the axis of rotation of the first
cutter; and
2 heel cutting structure defined by a plurality of
heel inserts having crests thereon disposed in at least
one substantially circumferential heel zow proximal to
20 the base'of at least a second cutter, the crests of the
heel inserts being aligned generally transversely to the

axis of rotation of the second cutter.



13 29+and axial inserts 23'cooperate. together to create an inproved
cutting aet+enr—onthebottom and gage of the borehole 45. As the bit

rotates, c 19, 21 roll and slide over the bottom of borehol e 45,
pernittingr WH & I29 of heel cutting structure 27 and axi al
i nserts 23 rate, and disintegrate borehol e 45.

Circunferential crests 31 of heel inserts 29 of heel cutting structure 27
circunscribe a relatively narrow path adj acent and over | appi ng

the wdely spaced 10 inpressions left by the remainder of the rows of
axial inserts 23." Heel inserts 29 with circunferentially aligned crests 31
can penetrate formation material nore easily 15 and "dice" nascent rock
teeth between inpressions |left by adjacent axially crested inserts 23.
These effects conbine to provide a cutting structure that possesses .
i ncreased ability to avoi d tracki ng and balling conditions and
results in nore efficient and rapid 20 penetration of formation material.
Furthernore, heel inserts 29 of heel @&#tting

2. The earth-bering bit according to claim 1 wherein the

heel inserts are chisel-shaped inserts.

3. The earth-boring bit according to claim 1 ‘further
'S including three cutters, two of the three cutters being

provided with the heel cutting structure.

4. The earth-boring bit according to claim 1 vherein the
heel inserts have an inner insert surface and an outer
10 insert surface, and at least the outer surfice is formed

of super-hard, abrasion-resistant material.



structure 27 v‘?@f?ﬁﬁﬂﬁﬁ4AHy4¢_ke__ and scrape the gage or .borehole

sidewal I, geneyp relatively small 25 quantities of
undesirably fi nH"Iw m&mﬂrﬂﬂzﬂﬂcooperat e wwth the remainder of heel
and inner rows+* O rts 23 to nove cuttings away fromthe gage
and toward the fluid nozzle (13 in Figure 1), which pronotes the ability of

earth-boring bit 11 to nmmintain gage and wash 30 formation cuttings up the

bor ehol e 45. Al so, because outer insert surfaces 29b, of heel
inserts are in engagenent with the sidewall of borehole 45, a relatively
| arge surface area is exposed to abrasive wear, and the 14 wear

resi stance of heel cutting structure 27 is increased. :
Sel f - shar peni ng heel inserts 29, as descrtbed herein maintain sharp and

vel | -defined crgst s 3h ! Lﬁbﬁ&ghih&% all 38 b.{,gdo{,a% togll, thereby

5 increasing the abi |ty 0 utting structur 27 to ectively kerf

the gage of the bperddatiohhénteaarkhbar faxnatiichs, ather darth-Yoringhpit
present invention has a nunber of advantages. One advantage is
comprising:

a bit body;

1 three cutters, each cutter mounted for rotation on a
bearing shaft depending from the bit body, each cutter
including a nose and a base;

a2 plurality of inserts secured to each cutter, the
inserts arranged in substantially circumferential rows on
10 each cutter, a first of the cutters having a
substantially circunferential row of axial inserts having
cresﬁs thereon disposed proximally to the base of the
first cutter, the cresté of the axial inserts being
generally aligned with the axis of rotation of the first
15 cutter; and
a heel cutting structure defined by a plurality of
heel inserts having crests thereon, the heel inserts
disposed in at least one substantially circumferential
heel row proximal to the base of a second and third of
20 the cutters, the crests of the heel row inserts being
aligned generally transversely to the rotational axis of

the socond cutter.



10 t:he inproved and increased rate of penetration of formation.

Anot her advan e is that the bit has an inproved ability to maintain the
gage or diane?gg\ar‘rhe\bQLgﬂg¥Et bei ng drilled through the
gage- kerfing #}W stics O he heel inserts of the heel cutting 15

structure. vi des a nore consi stent borehol e dianeter,
and pernits maintenan Eﬁ penetration rates over the |life of the bit.
Yet anot her advant age |s t%at he bit runs cool er and | onger because it is
| ess prone to balling. 20 The invention has been described with reference
to preferred enbodi nents thereof. Those skilled in the art will appreciate
that the present invention is susceptible to variation and nodification

wi t hout departing fromthe 25 scope and spirit thereof. 15 CLAIMS 1. An.
earth-boring bit having an inproved rate of penetration into earthen
formations, the earth-boring bit 18

6. The earth-boring bit according to:.claim 5 wherein the

heel inserts are chisel-shaped inserts.

7. The earth-boring bit according to claim S wherein the
5 heel inserts have an inner surface and an outer surface,
and at loasgt the outer surface is formed of super-hard,

abrasion-resistant material.



conprising: 5 a bit body; at least two cutters, each cutt nount ed
for rotation on a bearing shaft depending fromt m E cutter

i ncluding a nose and a base a plurality of mse;j\“\m&“m h cutter,
the 10 inserts arranged in substantially circunfereftial tows on each
cutter, a first cutter having a substantially circunferential row of axi al

I nserts having crests thereon di sposed proximally to the base of the first
of the cutters, the crests of the axial inserts being 15 generally aligned
with the axis of rotation of the first cutter; and a heel cutting structure
defined by a plurality of heel inserts havin gg crests thereon disposed in at
Ieast one substantially circunferenti al heel? r ow proximal to 20 the base of

"l east a second gut Aar eatrhbe-bexkigsbdt Hahwingeah inmwved bekagofl i gned

generally transversely to the_ axis of rotation,of the second cutter. 16
penetration into earthen formations, the earth-boring bit

comprising:
a bit body;

S three cutters, each cutter mounted for rotation on a
bearing shaft depending from the bit body, each cutter
including a nose and a base;

a plurality of inserts secured to each cutter, the
inserts arranged in substantially circumferential rows on
10 each cutter, a first cutter including a substantially
circuaferential row of axial inserts having crests
thereon disposed proximally to the base of the first
éutter, the c;ests of the axial inserts being generally
aligned with .the axis of rotation of the first cutter;
15 © @ first heel cutting structure on a second cutter,
the first heel cutting structure defined by a plurality
of heel inserts having crests thereon, the heel inserts
disposed in a substantially circumferential row proximal
To the base of the second cutter, the crests of the heel
20 inserts being generally aligned transversely to the
rotational axis of the second cutter; and
a second heel cutting structure on a third cutter,
the second heel cutting structure defined by a plurality
of heel inserts having crests thereén, the heel inserts

25 disposed in at least one substantially circumferential



2. The earth-boring bit according to claim1l wherein the heel inserts are
chi sel -shaped inserts. 3. The earth-boring bit according To ctaiml1
further 5 including three cutters, two of th ing provided
with the heel cutting structure. 4. The earthjmmml"mmﬁl uiﬁl ng to C| aim
1 wherein the heel inserts have an inner insert serfacenand an outer

insert surface, and at |east the outer surface.is fornmed of super-hard,

abrasion-resistant material . 17 5. An earth-boring bit having an
i nproved rate of penetration into earthen formations, the earth-boring bit
conprising: a bit body; 5 three cutters, each cutter nounted for

rotation on a bearing shaft depending fromthe bit body, each cutter
i ncluding a nose and a base; a plurality of inserts secured to each cutter,
the inserts arranged in substantially circunferential rows on 10 each
cutter, a first of the cutters having2a

row proximal to the base of the third cuttar, the crests

of the heel inserts being generally aligned transversely

to the rotational axis of the third cuttar.



Subst.anti al I-y—ei—#euni_er_eMow of axial inserts having crests thereon
di sposed pro to the base of the first cutter, the crests of the

axi al insert @, mg’uﬁuﬂm aligned with the axis of rotation of the
first 15 cut e I" uttlng structure defined by a plurality of
heel inserts having forstd t*hereon, the heel inserts disposed in at |east
one substantially circunferenti al heel row proximal to the base of a second
and third of 20 the cutters, the crests of the heel row inserts being '
aligned generally transversely to the rotational axis of the second cutter.
6. The earth-boring bit according to claim5 wherein the heel inserts are
chi sel -shaped inserts. 7. The earth-boring bit according to claim5 wherein
the 5 heel inserts have an inner surface and an outer surface, and at

| east the outer surface is forned of superthard abr asi on-resi st ant

mat eri al .

9. The earth-boring bit according to claim 8 wherein
each heel insert has an inner surface and an outer
surface,-at least the outer surface being formed of

super-hard, abrasion-resistant material.

5 10. An earth boring bit substantially as hereinbefore
described with reference to the accompanying drawings.

P el



¥9 8.. An earth-boring bit having an inproved rate..of penetration into
earthen formations, the earth-boring bit ‘conprising: a bit body; 5
three cutters, each cutter nmounted for rotation on a bearing shaft
depending fromthe bit body, each cutter including a nose and a base; a
plurality of inserts secured to each cutter, the inserts arranged in
substantially circunferential rows on 10 each cutter, a first cutter
including a substantially circunferential row of axial inserts having
crests thereon disposed proxinmally to the base of the first cutter, the
crests of the axial inserts being gener 3, ly aligned with the axis of
rotation of.the first cutter; 15 fiL st heel cutting structure on a
second cutter, the first heel cuttin@B§ re defined by a plurality of
heel inserts having crests thereon, the heel inserts disposed in a
substantially circunferential roRARBRBRRING Blfie base of the second
cutter, the crests of the heel 20 inserts being generally aligned
transversely to the rotational axis of the second cutter; and

An earth-boring bit is provided with three cutters 17, 19, 21, at least one (17,

19) of the three cutters are provided with a heel cutting structure 27 defined

by a plurality of heel inserts 29 having crests 31 thereon, the heel inserts 29

being disposed in at least one substantially circumferential heel row and the

crests 31 of the heel inserts 29 being generally aligned traversely to the

rotational axis of the cutter. At least another 21 of the cutters is provided

with a substantially circumferential row of axial inserts 25 having crests 25

thereon disposed proximally to the base of the cutter, the crests 25 of the axial

inserts 23 being generally aligned with the axis of rotation of the cutter.

(Rigure 2 is to accompany the Abstract when published.)



a second heel cutting structure on a third cutter, the second heel cutting
structure defined by a plurality of. heel inserts having crests thereon, the
heel inserts 25 disposed in at | east one substantially circunferential

20 row proximal to the base of the third cutter, the crests of the heel

I nserts being.generally aligned transversely to the rotational axis of the
therd cutter. 21 9. The earth-boring bit according to claim8 wherein
each heel insert has an inner surface and outer surface, at least the
outer surface being formed of super-hard, gg?asionfresistant material. 5
10. An earth boring bit substantially as /& mbef ore described with
reference to the acconpanying draw ngs. E :
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