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EARTH BORING BIT 

This invention relates generally to earth-boring 

drill bits, and particularly to improved cuttinq 

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 vas 
an important inven1:ion that l!l.8de . rotary. drilling 

econ01llica1. Only soft earthen f-onnat·ions · . could :be 

commercially penetrated with the earlier dra9 ·bit, but 
· 10 the two cone rock bit, invented by Howard R. HUghes, U. s. 

Patent No. 930, 759, drilled tha hard· -caprock at- the 

Spindlstop Field, near BeaWDont, Texas, -with. rol~tivo 

ease. That venerable invention, within· -the first decade 

of this century, could drill a scant fraction of thQ 

15 depth and speed of the modern r'Qtary · %'ock bit. It the 

oriqinal Huqhes bit drilled for hours·,; - the·· lllOdern· bit 

drills for days. ·Modern bits sometimes-. -drill for 

thousands of. r:eet instead of merely a !ew foot. Many 
advances have contributed· to tha ·-impressive -i'mprovement 

20 of rotary roclc bits. 

In drilling boreholes in earth fo.rmations by the 

rotary method,. rotary rock bits fitted vith one·, tvo, or 

three rolling cutters, rotatably mounted thereon, are 
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e~ployed. The bit is secured to the lower end of a drill 

ctring that is rotatod from tho s:urfacG or by do\lnhole 

motors or turbines. The cutters mounted on the bit roll 

upon the bottom of the borehole as tho drill string is 

s rotated, thereby engaging and disintograting the 

formation material to be removed. The roller cutters are 

provided \Jit.h teeth that are forced to penctratQ and 

gouge the bottom of the borehole by veight fron the drill 

string. 

10 

The cuttings tro::i the bottom and side:: of the well 

arc vash2d :lway by drilling fluid that is pl!!llped dovn 

froo t.r,c surface through the holloY, rot~ting drill 

string, and are carried in suspension in the drilling 

is fluid to the 5urface. The fonn and location of the teeth 

upon the cutters have been found to be extremely 

ii::port:.<lnt t:.o t:.ne successl'ul operat:ion or t..he bit. 

Certain aspects of the design of the cutters b~o:ce 

particularly important if the bit is to penetrate deeply 

20 into a formation to effectively strain and induc~ failure 

in ?Doro p1:u:tic::..lly bohaving rock fo~a.tions: -s:uch :u: 

shales, siltstones, and chalks. 

A significant devolopment in the history of rolling 

25 cona earth-boring bit& vas the introduction o! the 

tungsten carbide insert (TCI) bit by Hughes Tool C01:1pany 

in 1951. In these TCI bits, the· cutting teeth are 

provided by securing, by press-fit or othervise, inserts 

or buttons of tungsten carbide, or other hard!llctals, to 

30 the surface or shell of the cutters. The original TCI 

bit is disclosed in U.S. Patent No. 2,687,875, August 31, 

1954, to Morlan et 31. These TCI bit:;, because o! their 

excellent properties, sub~t;:,.ntially 
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increased the penetration rates and operating_ lives cf 
ca.rth-borin9 bits. S12bsequent improvementsi· in 'l'CJ: bit 

technology include the provision of hits with chisal­

shaped ins~rts having crests that increase the abi1ity 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 drill~nq shales and siltstones, ·which- are the 

10 dominant litholoqies in oil vell drilling,· _-and .other 
earthen formations, two problems frequently arise. One 

problem, knovn as "tracldnq," occurs -when. ·the· inserts of 
a cutter fall in the same indentation-· ·that vas made on 

the previous revolution of the bit. When· this occurs, 

15 the inserts of the cutters on the bit are said to 

"track." Tracking causes the formation ··of a pattern of 

smooth hills and valleys, known as uroC){ · teeib," on ~e 

bottom ·of the borehole. Trackinq thus ·results in a 
sculptured drillin9 $w;face that closely· ~atches the 

20 pattern of the inserts ot the cutters,. ··makinq it more 

difficult for the .inserts to rela.Ch· tho· ·virgin rock at the 

bottom of the valleys. The sculptured pattern also tends 
to ?"P.d.istribute th~ veight on the bit· from the tip!: of 

the inserts to the cutter shell surface,. which impedes 

25· deep penetration and leads to inefticient· material 

fragmen~ation,; and often to damage to the· bit and bit 

bearings. 

The other problem frequently encountered .:in·· drillinq 

30 shales, and other soft earthen formations, ·is ·known as 

"balling." Balling occu~s vhen formation material 

becomes lodged between the inserts on the cutt112r of thQ 

bit. Balling, like tracking, prevents ·the inserts of t:he 
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cutter from penetrating to full depth. thus resulting in 
inefficient .ind co3tly drilling. B~lling illoo p::-event3 

the force on the tips of the inserts fro:::i reaching a 
levGl sufficient to fracturg rock. 

The characteristics of both trackinq and b.!.lling are 
vell-recognized, but generally are treated as independent 
problems. Balling is more likely to occur betvcan 
closely spaced, lo...,-projection insert~ and r>uch inserts 

10 are severely ·limited in their ability to penetrate t:he 
formati~n deeply. Therefore, TCI bits dct>igned for 
soft-formation drilling typically have relatively high­
projection and vidcly spaced inserts. Ho..,ever, hig-h­
projection and ~idely spaced inserts are prone to 

15 tracking. Additionally, because thQ teeth of TCI bit!; 
are .fonned of materials having excellent hardness a;ld 
abrasion-resist:.ancc, but ganorally lo~ toughness, the 
protrusion of such teeth from the surface of the cutter 
is necessarily limited to ~void excessive rracture or the 

20 inserts. Therefore, TCI bi ts are ?!lore susceptible to 
balling and· it~ doletcrious effect!l. 

One requirement for earth-boring bit~ of tho rolling 
cone variety is that the bits must Daintain a relatively 

25 constant diameter of gage of t:he boreholQ during drillinQ 
operation. If the gage is not maintained at a relatively 
constant dimension, i.e. the borehole diatletor becomes 
diminished as drilling depth and bit wear incraase, the 
bit may draw more p01Jer and becomes a less efficient 

JO drilling tool. An undergage borehole is vaste!ul o! 
rotary cutting energy and shortens bit life, leading to 
more time-consu.~ing and cxponsivo drilling. To assist in 
maintenance of the gage of the borehole during drilling, 
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conventional insert bits typically employ a combination 

or a gaye rov of substantially flat-topped, vear­

protectinq hardmetal inserts on the gaga surface of the 

cutters, and a heel row of protruding. generally ovoid or 

5 vedge-shaped inserts located on thQ cutter to 

disintegrate fon:sation material at tha intarsection of 

the ·borehole sidevall and the borehole bottom. In these 

conv~ntional bits, the crests of the wedge-shaped heel 

inserts are aligned vith 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, December 18, 1956, to Cunningham and U.S. 

Patent No. 2,774,571, Dece~ber 18, 1956, to Morlan. 

15 There exists a need, therefore, to provide an ~arth-

boring bit of the TCI variety having a- cutting-structure 

designed to penetrate relatively soft earthen .fonna~ions: 

rapidly by sim'Ultaneously minimizing the· occurrence of 

both traCJc:ing and balling, and by maintaining a 

20 substantially cc>nstant gage during the -operating life Of 

t:he bit. 
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It is a qeneral object of the ·present invention to 
provide an earth-boring bit of the rolliM cone V4riety 

5 having improved ability to penetrate earthen ·formations. 
Tbis and other objects of the ·prc~cnt·. invention are 

accomplished by providinq an earth-borinq ·bit· having a 

bit body, the bit body havinq at least ··two cutters 

mounted· for rotation on a bearinq shaft· that depends from 
10 the b.i t body, 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 hael inserts being 9enerally a"l:igned 

transversely to the rotational axis· of the cuttQr. At 
least another of the cutters includes· ·a ·. substantia1ly 

circwnf erential row of axial inserts disposed. · proximally 

to the base of the cutter. The cre$ts of the axial. 

20 inserts are generally aligned with- the rotational axis of 

the cu~~er .. 

Accordin9 

invention, an 

to a p:re!'erred embodiment or the 

earth-borinq bit is provided with three 

25 cutters and tvo of the three cutters are provided vith 

the heel cuttinq structure. 

In another embodiment of the invention, each 

traversely aligned heel insert defines an inner insert 
30 surface and an outer insert surf ace, and_ . at least the 

outer insert surface is fotllled o! a super-hard, abrasion­
resistant· material, such as polycrystalline diamond or 

cubic boron nitrid~. 
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Otl1er objects, fee.ture.:9 1 and adv<int;:i9cG 0£ the 

present invention will be apparent to ... those skilled in 

the art vith reference to the followin9 dravinqs and 

5 detailed description of the preferred embodiment of the 

preeent invQntion. 

. :· 
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Figure 1 is a perspective view of an earth-borinq 

bit according to the pro~ant invontion. 

Figure 2 is a pF.!r~pective .v-iew; viewed- from below 

lookinq upwardly, of the cutters of the earth-boring bit 

5 of Fiqure l. 

Figure 3 is an elevation viev of a chisel-shaped 

insert contemplated for use with the present invention. 

Figure 4 is a fragmentary, enlarged section view of 

an earth-boring bit that schematically illustrates the 
10 cuttinq profile of an earth-boring bit according to the 

present invention defined by the cutters and teeth 

thereon relative to the borehole. 
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Figure l illustrates an earth-boring bit 11 

according to the present invention.. Bit 1-1 is provided 

s vith a bit body 13, which is threaded at its upper extent 
for connootion into a dril1string. Bit ·body 13 is 

provid·ed with at least one nozzle 15, ·which sprays 
drilling fluid from within the drillstrinq to .cool bit 11 

and wash cuttings produced during drilling . out of the 

10 borehole. 

A plurality of cutters 17, 19, 21, in tllis case 

three, are mounted for rotation on cantilevered bearinq 
shafts (no~ shown) c1epencUn9 rrom bit body 13. cutters 

15 17, 19, 21 have noses and bases, and are provided vith a 
plurality of teeth formed by press-:-fi~tin9 or otherviso 

securing inserts 23 into sockets formed in the surfaces 
of cuttersi l.7, 19 f 21. Inserts 23 may be f"ormed of a 

variety of hard, abrasion-resistant m~terials, including, 
20 but not limited to. tungsten carbide. Duri.nq drillinq 

operation, cutters 17, lt, 21 roll over the bottom of the 

borehole being drilled while insert teeth 23 penetrate 
and disintegrate the !ormation. 

25 Bit 11 is further provided with a heel cuttinq 
structure 27 accordinq to the. present invention. In the 
preferred embodiment illustrated, heel cuttin9 structure 
2 7 is provided on two cutters 17, 19 , . whi-le third cutter 

21 is provided with conventional axial inserts 23 in the 
' 30 heel region. cutters 17, ·1t, 21 are· further provided 

vith a plurality of gage inserts 33 disposed in 
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circumferential rows on the qaqe surfaces of cutters 17, 

19, 22... 

With refercmco nov to Fiqure 2, a mor& detailed viev 

·s of bit 11, viewed from below looldnq upwardly, is 
depicted. In this illustration1 in-serts. 23. ·and heel 

cuttin9 structure 27 can be more fully appreciated. All 
three cutters 17, 19, 21,. are provided -with inserts 23 

arranqed i.n a plurality of substanti~lly circumferential 

10 rows. Inserts 23 are illustrated as . chisel-shaped 
inserts, but could also be ovoid-shaped, ogive-shaped, or 
any other conventional shape. Chisel-shaped inserts 23 

on "t;he inner rows have their crests zs~~enerally aligned 

with the axes of rotation of cutters 17; 19, 2·1, and thus 
15 are referred to as "axial" inserts. 

cutter 21 is provided wi~n;· among· otller·· rows, a 

substantially circumferential heel row of. ax1al inserts 

23. Crests 2S of axial inset-ts in the heel row ""or cutter 

20 2i are generally aliqned with the axis ·of rc;tation of 
cutter 21. As wi~l be described in · qreater aet:i.i·l vith 

reference to the operation of the prese.nt i-nvention, tbe 

heel rev of axially crested ~n~erts on cutter 21 

COOperateS With heel CUttinq Structure 27' "OD CUtterS 17 I 

25 19 to improve the ability of bit 11 to penetrate earthen 
f'ormations. 

·Heel cutting structure 27 comprises a· plurality of 

heel inserts ·29 havinq crests 3:1. thereon. arranged in a 
30 substantially circumferential row proximal ta ·the bases 

of cutters 17, 19. crests 31 of heel ·· inserts 2 9 are 

aligned gene.rally transversely to the rotational axes of 
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cutters 17, 19, and thus at.right angles to crests 25 of 
the rcm~indor of axi~l inscrto ~3. 

Referring nov to Figure 3, .a chisel-shaped heel 

5 insert 29 is illustrated. Chisel-shaped· h-eel·. i.nsert 29 

shown is that employed in heel cuttinq . structure 27 of 

earth-boring bit 11 according to the present· invention 

illustrated in Figures l and 2. · Chisel-shaped heel 
insert 2.9 includes a generally cylindr-i-cal insert body 

10 2fa, which ·is provided at its upper extent ~ith a pair of 
opposing, .insert surfaces 29b and 290. ·· ·Insert surfaces 
29b and·· 29c conver9e to define crest·. 3·1~: :In the 

elllbodiment illustrated, insert surfaces· 29b,· 29e are 

generally _planar or slightly convex outwardly. In other 
15 embodiments, insert surfaces 29b, 29e may be cohcavQ 

inwardly. 

Because· insert 29 is secured to it~·cutter with its 

crest 3~·~li~ned generally transverseli"to the rotational 

20 axis of the cutter. one of insert surfaces 2~b-is defined 

~G :ln outer CUrfaoo boc~UGG it f.oces: outlrardl"y. towosrd 

the sidmitall of the .borehole beinq drilled.· It follows, 

then.. t:bat: opp6siru; insert .::ur.facQ 29.C:, ·is: "daflnad at: an 

inner suiface. Preferably, at lea~t outer·sur~ace 29b is 
25 formed of :a super-hard. al:>rasion-resistant .Jlaterial, such 

as polycrystal.line diamond or cubic boron n"itride, to 

increase · the vear resistance of heel insert 29". SUcb a 

surface may be formed in a 'number of- conventional 
manners. ·; Provision of one of surfaces-· 29?>, · 29c vith 

30 i_ncrease~ .. wear-resistant pro~perties renders insert 29 

self-sharpening, wherein tha differential-· in wear rates 
between ~~rfaces 29b, 29C· maintains a . sharp· and vell­

defined Insert crest 31 throughout the. operating life of 
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bit 11. Preferably, heel cutting structure 27 is 

provided on cutters having' rows of a_xially crQsted t~ath 

23 closely adjacent the base of the cutter, e.q. cutters 

l.7, 19; while the cutter vi th the next· adjacent rov 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 s·ection viev of 

10 an earth-boring bit according to the present· .·invention 

that schematically illustrates the cutting. profile 

defined by such a bit relative to a· borehole· 45 being 

drilled. Illustrated is a schematic ·representation of 

the superimposition of the inner .rows of teeth, defined 

15 by axial inserts 23, and heel cutting structure 27. 

outermost and 

outermost diameter 

a<1jacent the gage 

of borehole· 45 ~ .-qage 

or sidewall 

inserts 33. 

protect the CJ~ge surface of the cu_"\;ters from ~br;:isive 

20 Year resulting fro~ contact with the sidewall-of borehole 

,5. At the intersection of the sidavall and the bottom 

of borehole •S, heel inserts 29 on. cutters -17,·. ·19 engaqe 

the formation material alonq with axi~l inserts 31 of 

cutter 21. Preferably, and as illustr~~edr crests 31 ot 

25 heel inserts 2·9 of heel cutting .structure 27 -protrude the 

same distance from the cutter surf ace as crests 25 of 

axial ins~rts. 23·. Inwardly frOlll the intersectlon 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 bit 11 accordin<J to the present invention will be 

described. The interfitting arrangement of he.el inserts· 
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29 and axial inserts 23 cooperate_ together to create an 
il;lproved cutting action on the bottom <lnd 9c9e of the 
borehole (5. As the bit rotates, cutters 17, 19, 21 roll 
and slide over the bottom of borehole •s, permitting hool 

s inserts 29 of heel cutting structure 27 and axial inserts 
23 to engage, penetrate. and disintegrate borehole ~s. 

Circumferential crests 31 of heel inserts 2 9 of heel 
~· 

cutting structure 27 circumscribe 

path adjacent and overlapping 

a relatively 

the .'Widely 

narro\I 

spa cod 
10 ililpressions left by the remainder of the row-s of axial 

inserts 23. 

Heel inserts 29 with circumferentially aligned 
crests Jl can penetrate formation Iilaterial lnore easily 

15 and "dice" nascent rock teeth between ili:iprossions loft by 
adjacent axially crested inserts 23. These effects 
combine to provide a cutting structure that posscs~es 

increased ability to avoid tracking and balling 
oonditions and results in more efficient and rapid 

20 penetration of fon:aation material. 

Furthermore, heel inserts 2_9 of heel cutting 
st...-ucture 27 very effectively kerf and ~crape the 9ago or 
borehole sidevall, generating only relatively small 

25 q-..iantities of undesirably fine cuttings. · and cooperato 
with the .remainder of heel and inner rows of axial 
inserts 23 to ~ove cuttings away from the gage and tovard 
the fluid nozzle {lS in Figure 1), Yhich prol:lotes the 
ability of earth-boring bit ll to maintain gage and vash 

30 formation cuttings up the borehole ~5. Also, because 
ou~er insert surfaces 29b, of heel inserts are in 
engagement ~ith the side~all of borehole ~s. a rel~tively 

large surface area is exposed to abrasive i.;ear, and the 
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vear resistance of heel cutting st-+ucture.. 27 is 

increa~ed. Self-sha.rpenin9 heel inserts 29, as"" described 

herein maintain sharp and ve-11-defined · er-ests 31 

throughout the oporatin<J life of bi"t 11; '. there.by 

5 increasing the ability of heel cuttin9 ·structure 27 to 

e.ffec.tively kerf the qagQ of t:he borehol"o".· 

The earth-boring bit according to the present 

invention has a number of. advantages. One advantage is 

10 the improved and increased rate- of penetration of 

formation. Another advantage is that"· the· ?5it has an 

improved .. ability to maintain the gage or diameter of the 

borehole being drilled through the gage-kerf ing 

characteristics of the heel inserts of .. the· heel cutting 

15 structure. This advantage provides a more ·c6nsfstent 

20 

borehole diameter, and perm.its -maintenance of high 

penetration rates over the iife of the "bit". ·Yet another 

advantage is that the bit runs cooler and·· longe·r because 

it is less prone to balling. 

The invention has been describeci with re!'erence to 

pref erred embodiments thereof. Those sxllled in the art 
vill appreciate that tho proGQnt invention ic c:U~ccptible 

to variation and modification without departiriq ·from the 

25 scope and spirit thereof. 
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CLAIMS 

1. An earth-borin9 bit havi™J an improved rate of 

penetration into earthen formations. the earth-borinq bit 

comprising: 

a bit body; 

at least two cutters, each cu~te~ ~ounted for· 

rotation on a bearinq shaft depending from the bit body, 

each cutter lnclu.dln9 a nose and a base 

a plurality of inserts secured to each cutter, the 

10 inserts arranged in substantially circumf~rential rows on 

each cutter, a first cutter having a ~~b~tantially 

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 

cu"t.~er; and 

a heel cutting structure defined by a plurality of 

heel inserts having crests thereon disposed in at least 

one ~ubGtantially circum~8X"entia1 haGl rov_proxima1 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. 
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2. The earth-boring bit according to claim 1 wherein the 

heel inserts are chisel-shaped inserts.· 

J. The earth-boring bit according to claim 1 ··further 

. S including three cutters, two of the three cutters being 

provided with the heel cutting structuro. 

4. The earth-boring bit according to ciaim l vherein the 

heel inserts have an inner insert surface· and an outer 

10 insert surface, and at least the outer ~urf~ce is formed 

of super-hard, abrasion-resistant material. 
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s. An earth-boring bit having- an improved· rate ot 

penetration into earthen fol"lDations, the earth-boring bit 

comprisins: 

a bit body; 

three cutters, each cutter mounted for rotation on a 

hearinq shaft depending from the bit bodyr·each cuttgr 

including a nose and a base; 

a plurality of inserts secured to each cutter, the 

inserts arranged in s~bstantially circumf erentia! rows on 

10 each cutter, a first of the cutters having a 

substantia1·1y circui:i:rerent:1al row ol'. ·axial inserts havinq 

crests thereon disposed proximally to the base of the 

first cutter, the crests of the axial inserts being 

generally-aligned vith the axi~ of rot~tion 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 ~he 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 

tha ~ocond cutter. 
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6. The earth-borinq bit accordinq to:claim 5 wherein the 

heel inserts are chisel-shaped inserts. 

7. The earth-boring bit according to_clai~ S· vherein the 

5 heel inserts have an inner surface and an· outer surf ace, 

and at loa~t thQ outer surface is formed of super-hard, 

abrasion-resistant material. 
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a. An earth.:..boring bit having an improved rate .. of 

penetration into earthen formations, the earth-boring bit 

comprising: 

a bit body; 

5 three cutters 1 each cut~er ~ounted 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 substanti3lly circumferential rows on 

10 each cutter, a first cutter including a substantially 

15 

~ircu.:nr~rential row of axial inserts h~ving crests 

thereon disposed proximally to the base of the first 

cutter, the crests of the axial inserts being generally 

~ligned ~ith the a~is of rotation of tho first cutter; 

a 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 in£erts 

disposed in a substantially circUlllferential rOTJ proximal 

ro rhe base o! the secon~ cutter, the crests or t:he heei 

20 inserts being generally aligned transversely to the 

rotational axis of the second cutter; and 

a Gecond hoal cuttinq ~tructure on a third cuttgr, 

the second heel cutting structure defined by a plurality 

of heel inserts having crests thereon, the heel inserts 

25 disposed in at least one substantially circumferential 
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row proximal to the base of the third·cutter, the·crests 

cf the heel inserts being qenerally al1qned transversely 

to the rotational axis of the third cutter. 
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9. The earth-borinq bit according to claim 8 wherein 

each heel insert has an inner surf ace 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 accompany~ng drawings. 


