W DE GROOVE ROLLER CONE BIT Cross-Reference to Related Application This
application clains priority to provisional patent application 60/598, 952
filed August 5, 2004. Field of the Invention This invention relates in
general to earth boring bits, and in particular to the spacing between the
rows of cutting elements of a roller cone bit. Background of the Invention:
A typical roller cone earth boring bit, such as used to drill wells, has
three cones that roll arWiRE GR R%ERCﬂﬁEcﬁiﬂes are nounted to

beari ng pins that depend from head sections. The head sections are wel ded

together to forma body that is threaded at the upper end for connection to

‘adrill string. Figures 1-3 illustrate a typical prior art rolling cone bit

11. Bit 11 has three cones 13 15 and 17. Cone 13 has a spear point cutting
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Field of the Invention

This invention relates in general to earth boring bits, and in particular to the spacing

between the rows of cutting elements of a roller cone bit.

Background of the Invention:

A typical roller cone earth boring bit, such as used to drill wells, has three cones that roll
around a common axis. The cones are mounted to bearing pins that depend from head sections.
The head sections are welded together to form a body that is threaded at the upper end for

connection to a drill string.

Figures 1-3 illustrate a typical prior art rolling cone bit 11. Bit 11 has three cones 13, 15
and 17. Cone 13 has a spear point cutting element 19 on its inner end and a heel or outer row 21
of cutting elements on its outer end. The outer side of each tooth of outer row 21 joins a gage
surface 22. The cutting elements in this instance comprise teeth that are integrally formed with

cone 13 and milled into desired shapes. Milled teeth are generally chisel-shaped, each having a



el ements could be cast with the body of the cone or conprise tungsten
carbide inserts pressed into mating holes. Cone 13 also has an inner row 23
spaced a short distance fromouter row 21. A groove 25 |ocates between
outer row 21 and inner row 23. A layer of hardfacing 27, shown by phantom

| i nes, covers . ,each cutting elepent in ouyter row. 21 and jnner row 23. G oove
25 i o GEfraR THt 1% PREIGHFREF 0 e ASection Al piBHon 56 THEabita Alfedratclpatle itiftingny bo
measured between tips of teeth 21, 23 at the crests 28. In the prior art,
wi dt h 2@lements gpuldhbp yastawith thedody 1of tha erng asfeompess tupgstert carbida tnserigpressednent

of inner row 23 or of outer row 21. Referring to Figure 1, cone 15 has an
out er riote P&ingdwiean i nner row 31 spaced apart by a groove 33. Goove 33 has
a much wider width 34 than width 26 of cone 13. In the prior art, wdth 34
is typically equal or greater than the width of crest 28 of one of the teeth
of inner rowColl3 denbaslinh it rew 28 peced racsvod Tistande &om outer romol. 3X gpaeed
apart by a groove 39. G oove 39 has a wdth 40 that is wider than wwdth 34
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element of inner row 23 or of outer row 21.

Referring to Figure 1, cone 15 has an outer row 29 and an inner row 31 spaced apart by a
groove 33.. Groove 33 has a much wider width 34 than width 26 of cone 13. In the prior art,
width 34 is typically equal or greater than the width of crest 28 of one of the teeth of inner row
31. Cone 17 has an outer row 35 and an inner row 37 spaced apart by a groove 39. Groove 39
has a width 40 that is wider than width 34 and width 26. Width 40 is greater than the width of

crest 28 of one of the outer row teeth 35 or inner row teeth 37.

 The various rows 21, 23, 29, 31, 35 and 37 are arranged for a desired bottom hole
coverage, as indicated in Figure 2. In Figure 2, all of the rows of teeth are rotated into a single
sectional plane. Some of the teeth intermesh with each other as shown in Figure 1. The number
of rows per cone in the prior art can be more or less than those shown in Figure 1. In the pﬁor
art example shown, there are a total of seven rows, and the narrowest groove width 26 is located
on cone number one, which has the spear point. In an eight row bit, the narrowest groove width

26 would be normally on cone 17, which is cone number two. In a nine row bit, the narrowest



on cone nunber one, which has the spear point. In an eight row bit, the
narrowest groove wdth 26 would be nornmally on cone 17, which is cone
nunber two. In a nine row bit, the narrowest -2 groove width 26 would be on
cone 15, which is cone nunber three. A narrow groove on one of the cones
has been necessary in the prior art in order to achieve internesh and the
desi r edgneeye width 3o wenkdde. omgene d S\ishirtaisi cone nymbes thrag. nAfngrrent Sropes euene ofs
shal es, the cuttings tend to ball up in rows separated by narrow grooves,
r educi nipetcheesrhas beenfnepmsaey mathe pnor @Buimmadey toictidve intaneash pahth€hlesited houdmt hi s

I nvention has first, second, and third cones, each cone being nounted for
rot at i ocovetagelt Whilkomerkable,Sinwleithie folmeatibnd suchtadtskslesabitigutangsitbndaso isall upninout er
row and an adjacent row of cutting elenments are |ocated on each of the

cones. FRfENepdrated By Ratkdw PboSseBINtiAg e ritB@f pafdiradgnt row on each of the
cones has a crest extending perpendicular to a direction of rotation of the

cone. An annul ar space or groove is |located between the outer row and the

adj acenky hiiroBf tednletiont N€ cones. To reduce balling, the narrowest groove
betmeen“r'{!ll'eﬁggT‘eTTn'dT&'acent rows is made |arger than in conparable sized
bits of the prior art. The increased width is acconplished by reducing the
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consi derabl e di stance for ttom.. coverage between fhe w dest grooye.
' rc%atlon about a cone axis WBJ e %herglt ro?a es Eﬁl) ut a Elt axis. Ptm outer row and an adjacent

row of cutting elements are located on each of the cones. Each of the cutting elements of the
adjacent row on each of the cones has a crest extending perpendicular to a direction of rotation of

the cone. An annular space or groove is located between the outer row and the adjacent row on

each of the cones.

To reduce balling, the .narrowcst groove between the outer and adjacent rows is made
larger than in comparable sized bits of the prior art. The increased width is accomplished by
reducing the widths of the crests and re-positioning the rows for bottom coverage. The inner
side of the outer row of one of the cones is moved inward a considerable distance for bottom

coverage between the widest groove.

Each of the grooves has a width, measured between tips of the outer and ﬁdjacent TOWS,
that is greater than a width of the crests of the adjacent row on the same cone. In the
embodiments shown, each of the grooves has a width that is greater than one-half of a width of at
least one, and preferably all of the other grooves on the same cone. The outer row of one of the

cones has an inner side that is tangent to an inner side plane perpendicular to the cone axis. The



Each of the grooves has a wi dth, neasured between tips of the outer and

adj acent rows, that is greater than a wdth of the crests of the adjacent
row on the sane cone. In the enbodinments shown, each of the grooves has a
width that is greater than one-half of a width of at | east one and

pr ef er abl | .of .the other groaqv on the sane. cone, e o row, of one
bt °t he. oasside niate 1705 18 e @Y ko % & Wi SEREITS Sprokre ot SHHETPh

per pendi cular to the cone axis. The -3 inner side plane is closer to the
bit axi¥hfhan to a plane containing a backface of said one of the cones.
Brief Description of the Drawings Figure 1 is a layout of a prior art
three-cone bit. Figure 2 is a layout of the prior art bit of Figure 1, with
the t eeBtietescriptiomaftheDrawingt i nto a single section plane. Figure 3 is a
side view of the nunber one cone of the prior art bit of Figure 1 before the
application of hardfacing. Figure 4 is a side view of a conparably sized
nunber one cigaelaf plagouthod agpipt art Hireesepnebit. har df aci ng and constructed in
accordance with this invention. Figure 5 is a layout of a three-cone bit

construct ed FipuraQdoh thyoatcofwhd pridriurtsbit siRagure O with the tedih bf the@bhibiromtddigtonunber
one cone shown in Figure 4. Figure 6 is a layout of the bit of Figure 5,
with thgshgekdtieh phe cones shown rotated into a

Figure 3 is a side view of the number one cone of the prior art bit of Figure 1 before the
application of hardfacing.

Figure 4 is a side view of a comparably sized number one cone before the application of
hardfacing and constructed in accordance with this invention.

Figure 5 is a layout of a three-cone bit constructed in accordance with this invention, the
bit including the number one cone shown in Figure 4.

Figure 6 is a layout of the bit of Figure 5, with the teeth of the cones shown rotated into a
single section plane to show bottom coverage.

Figure 7 is a layout of an alternate embodiment of a bit constructed in accordance with
this invention.

Figure 8 is a layout of the bit of Figure 7, with the teeth of the cones shown rotated into a
single section plane to show bottom coverage.

Figure 9 is a top view of the third cone of the bit of Figure 7.




single section plane to show bottom coverage. Figure 7 is a |ayout of an

al ternate enbodi nent of a bit constructed in accordance with this

i nvention. Figure 8 is a layout of the bit of Figure 7, with the teeth of

the cones shown rotated into a single section plane to show bottom

coverage. Figure 9 is a top viewof the third cone of the bit of Figure 7.

4 Detailed Description of the Invention Referring to Figure 5, bit 41 has

three cones 43, 45 and 47 Cbne 43 has a cutting elenent 49 referred to as
ptatled Dey h bl pio] or outer row 51 on its outer end.

Cutting el enent 49 extends closer to the bit axis of rotation 50 than any

cutting structure on cones 45 and 47. Cone 43 has an outernost adjacent row

53, referredReferingrteilngues Sadjtatke hss thoee cdBs 48pdt edd fA7onCongt 3 haow cbitingy an

annul ar space or groove 55. The teeth or cutting elenments of cones 43, 45

and 47 slemetoeriefetreiitd s Aapelr polndgn 74 inehendadilya héed of bagmes an Yonlitsneger The
teeth of cones 43, 45 and 47 are mlled teeth that are machi ned fromthe

met al  ofnd NeuthRdenént UDRxteA® @Sser A the bR AkIS lof'mtatnﬁ sroqﬁmmﬁqum ReuGaglonW t h
t he body of the cone, or conprise tungsten car de conpacts press-fitted

| nto hol&ggi8 ah&‘g7 b?ﬂh@ﬁs‘ﬁ %P@.@@rm%%t ad4a$;81§£ m/e A %rﬁéﬁ"t@ é?en&% %dédc@rﬂ%%var In

cross-section ‘and has neasur
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cones 43, 45 and 47 are covered with hardfacing 54, shown by the fragmentary lines. The teeth
of cones 43, 45 and 47 are milled teeth that are machined from the metal of the body of the
cones. Alternately, the teeth could be cast with the body of the cone, 6r comprise tungsten

carbide compacts press-fitted into holes in the bodies of cones 43, 45 and 47.

Groove 55 is triangular in cross-section and has a width 57 measured between the tips
(after hardfacing 54 is applied) of the teeth in outer and inner rows 51, 53. Width 57 is
considerably greater than width 26 of groove 25 (Figure 1) of a comparably sized bit of the prior
art. Preferably, width 57 is greater than the width of a crest 59 of one of the teeth of adjacent
row 53 or outer row 51, including hardfacing 54 contained on each tooth. Crest 59 on each tooth
is perpendicular to the direction of rotation of cone 43. In this embodiment, the width of crest 59
of each tooth of adjacent row 53 or outer row 51 is less than the width of crest 2é (Figure 1) of
each tooth of inner row 23 or outer row 21 of a compar_ably sized prior art bit. The reduction in

widths of crests 59 over the prior art bit partly accounts for the increase in width 57 of groove 55.

Cone 45 has an outer row 61 and an adjacent row 63 separated by a groove 65. Groove

65 has a width 66 measured at the tips of the teeth between rows 61, 63 that is greater than width



consi derably greater than wdth 26 of groove 25 (Figure 1) of a conparably
sized bit of the prior art. Preferably, width 57 is greater than the width
of a crest 59 of one of the teeth of adjacent row 53 or outer row 51,
i ncl udi ng hardfaci ng 54 contai ned on each tooth. Crest 59 on each tooth is
per pendi.cul.ar to the.direction of rotafion af cone 43. In this. e di nent,
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|l ess than the width of crest. 28 _éFi gure 1& of each tooth of innper _row 23 or
out er r&igures 1ot b thisepamels) yiddy Y mare Sranhalf thejamountef widked i 19rihe prongridt hs
of crests 59 over the prior art bit partly accounts for the increase in
wi dt h 5bit of Fignesoly avidth 260 anly 4Bout epe-drirdmfivadth3dw Is thinexanpte, adijth 66 it greasor 63
separated by a groove 65. G-oove 65 has a width 66 neasured at the tips of
t he t eetianbeitithe®hof thescobiparably sidedtprios agridal leof Figare Wi Thé innebsifd obhdjgreniove
55. However, the anount of difference is not so nuch as in the prior art bit
of Fi gusw®3ls ﬁrefel'db_lyl $PasedeoieEPtEthe WMrdt baddof dofie BD HiRNtN 8RR PdRphrablSiRdPHAL Of
width 66. In the prior art bit of Figure 1, width 26 is only about
one-t hi %ﬂbﬁfof‘ﬁlﬁ%éﬁ.m- In this exanple, width 66 is greater than width 34
of the conparably sized prior art bit 11 of Figure 1. The inner side of
adjacent row 63 is preferably spaced closer to the inner end of cone 45
than in the I ' i LI of F
out or  row 67 CPHE Riah JHE 0w O pafhd olb! i nliclithucd £chENGC AFARERAR,
this ex le. Ln this enpodi nen t he out i de of,outer row 67.1s spaced
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Annul ar space width 70 is sl igqht ly less than ) o

surface 68 by an annular space 69 having a width 70. Annular space width 70 is slightly less than

the width of crest 59 of each of the teeth of outer row 67 in this example. The width of each

tooth of outer row 67 is less than a comparably sized tooth of outer row 35 (Figure 1).

The nner side of outer row 67 is closer to bit axis 50 than the inner side of outer rows 51
and 61 of cones 43 and 45. Furthermore, the inner side of each tooth of outer row 67 is located
more inward than the comparable teeth of prior art outer row 35 (Figuire 1). Referring to Figure
6, piane 71 is perpendicular to cone axis of rotation 73 and is tangent to the inner side of outer
row 67 of cone 47. Plane 71 is spaced a distance d1 from the cone backface 75 and a distance d2
from bit axis 50. Distance d2 is smaller than distance d1, placing the inner side of outer row 67
of cone 47 closer to bit axis 50 than to cone backface 75. A similar plane (notl shown) in the
prior art example of Figure 2 would intersect the cone axis closer to the backface than the bit

axis.

Adjacent row 77 of cone 47 is spaced from outer row 67 by a groove 79. Groove 79 has

a width 81 that is approximately the same as width 40 of a comparably sized prior art bit 11
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the width of crest 59 of each of the teeth of outer row 67 in this exanple.
The wdth of each tooth of outer row 67 is |ess than a conparably sized
tooth of outer row 35 (Figure 1). The inner side of outer row 67 is closer
to bit axis 50 than the inner side of outer rows 51 and 61 of cones 43 and

45. Furthernpre, the i si de_of each th of outer row 67 is at ed
more in £hatihe plt lteﬂglarcaﬁr &9 pkes tB‘?t%p?? REAceR fo%ﬁ?ésrle$sd%a13ﬁle("fiﬂ‘§tﬂfe 1).

Referring to Figure | ane 71 i s perpendicular to cone axis of rotation
73 and @@ﬁﬂﬁﬁﬁéﬂ@fwhhtthlmﬁ@i)S|de of outer row 67 of cone 47. Plane 71 is
spaced a distance dl fromthe cone backface 75 and a distance d2 frombit
axis 50. Distance d2 is smaller than distance dl, placing the inner side of
outer row 67Referring stilb toy Figureok sthe rastuption iaxwidths of chests Poofome Sk fasends, A
simlar plane (not shown) in the prior art exanple of Figure 2 would

I nt er sette fldvemenne tha varimisaees pravides app@infately thehametboetohi toverge as in\theacent
row 77 of cone 47 is spaced fromouter row 67 by a groove 79. G oove 79 has
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cone 47 adjacent row 77.

When the bit has more or less than seven rows of teeth, the location of narrowest width
57 might be on cone 45 or cone 47. When the bit has more or less than seven rows of teeth, the
location of outer row 67, which has reduced width crests 59 and is off-gage, might be on cone 43
or cone 45. Increasing the narrowest width 57 does not necessarily require providing an outer
row 67 that has reduced width crests 59 and is off-gage. Outer row 67 could have crests 59 of
conventional width and have its outer sides flush with the gage. Alternately, outer row 67 could

be staggered, with alternating teeth of varying width crests.

A second embodiment is shown in Figures 7-9. Cone 83 has an outer row 85 and an
adjacent row 87 separated by a groove 89. Figure 8 shows width 91 between the tips of outer
row 85 and adjacent row 87 after the application of hardfacing 93. Cone 95 has an outer row 97
in which all of the teeth have outer sides flush with gage surface 99, unlike outer row 67 of

Figure 5. An adjacent row 101 is separated from outer row 97 by annular groove 103. Groove




of cone 47 | ocates equi di stant between outer row 51 and adj acent row 53 of
cone 43. Quter row 67 of cone 47 and adj acent row 53 of cone 43 |ocate

bet ween rows 61 and 63 of cone 45. Both cone 43 adjacent row 53 and cone 45
adj acent row 63 | ocate between cone 47 outer row 67 and cone 47 adj acent
row 77. en th b't as. nore or ss than seven rows t he | ocation
of narr apgion 055@3%? ¢t thaa Vﬁﬂ&‘cg&nés o dignee 47 T%WFE orf fomie ffhs or e
or less than seven rows of teeth, the |ocation of outer row 67, which has

r educedemtiodineent waere svidth 5ar§ijle$ssth@’f$"d§h@]e@8n5@|ht be on cone 43 or cone 45.

| ncreasing the narrowest wi dth 57 does not necessarily require providing an
outer row 67 that has reduced width crests 59 and is off-gage. Quter row 67
coul d have cGanst ¥75lpsod staggased autenmely withd owtward cuiting elements k02a asil dewsard| ush
with the gage. Alternately, outer row 67 could be staggered, with
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Figures 7-9. Cone 83 has an outer row 85 and an adjacent row 87 separated

by a graeetik?, with GUEE cittifd) @eid UhdH matb@tegtﬂ@@tahﬂmeﬁvb@ﬁweé cOttihg lelenfedty 85
and adjacent row 87 after the application of hardfacing 93. Cone 95 has an
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surface 99, unlike outer |gow 67 of Figure 5. An adjacent row 101 is
separ at fr t
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99. In the embodiment shown, the outer sides of inward cutting elements 109b are inward from

the inner sides of outward cutting elements 109a. Adjacent row 111 is not staggered and is

located inward from inward cutting elements 109b.

An annular groove 112 is located between outer row cutting elements 109a, 109b and
adjacent row 111. Groove 112 has a width 113a from outward cutting elements 109a to adjacent
row 111 and a width 113b from inward cutting elements 109b to adjacent row 111, as shown in
Figure 8. Width 113a is larger than widths 91 and 105. Width 91 is larger than width 105 in this
embodiment, thus the narrowest annular groove between adjacent and outer rows in this
embodiment is groove 103 of cone 95. Although smaller, width 105 of groove 103 is greater
than one-half the widths 91, 113a or 113b. Also, width 1035 of groove 103 is g;'eater than the

width of the crests of adjacent row 101.

The inner side of the outer row of cone 107 is considered to be the inner sides of inward

cutting elements 109b, which is spaced farther inward than outer rows 85 and 97. Plane 115 is



Cone 107 has a staggered outer row with outward cutting el ements 109a and
inwmard cutting elenents 109b. As shown in Figure 9, cutting elenents 109a
and 109b alternate with each other, with each cutting el enent 109b | ocated
equi di stant between two cutting elenents 109a. The nunber of cutting

el ements 109a is the sarre as the nunber of cutting elements 109b in this
exanpl e,

gage su‘FF%FBgt"g‘gt Eefw R mfg B tl@%@%ﬁl:e*ﬂ%ﬁ%ﬁzémg ??rﬁ@hécluk‘ﬁg%fé’elo%
I
S1 Gos ot HhinLIFE L PR SEIAGBR P ObHOF 19 Mo HONPUThACkRES ner si dos of

outward cutting elenents 109a. Adjacent row 111 is not staggered and is

| ocated inward frominward cutting elenments 109b. An annul ar groove 112 is

| ocat ed bet weEnin¥RIfiER hagpigpifjeant ﬁé"%‘F"’éﬁ% nithe eengemeniopf the deeth ssdysesriallingyy 111
Groove 112 has a width 113a fromoutward cutting el ements 109a to adj acent
row 11lofashdleainvthelrowy adjpcent donthennaaraiver grodviey aed enproves eo@ivaltof didi atings row
|11, as shown in Figure 8. Wdth 113a is larger than wi dths 91 and 105.

W dt h 98ecassel ofrthee preateawvidvhe tHan i) Bhel pridrhartsfor eninpatiabie ized bisis Thi esdoaticrome st
annul ar groove between adjacent and outer rows in this enbodinent is groove
103 of pANMR 98 bertérichRiAGHreniBRhl HAE restdlin ofedfer pérfdmamesrfitit. s greater than
one-half the widths 91, 113a or 113b so, width 105 of groove 103 is
greater than the wdth of the crests of adjacent row 101. The inner side of

the outer rownf tifeORFerdiBd hhSb&ANBORENE @ B8 JfhiR ARSIt hbfRBeXUpphiaNEiod
cutting elenents 109b, which is spaced farther inward than out er rows 85 and

97. Pl apsd IRndFin the art that it is not so limited but is susceptible to various changes without

departing from the scope of the invention.




-8 tangent to the tips of outer row cutting el enents 109b on the inner side
and perpendicular to cone axis 117. Plane 115 intersects cone axis 117
closer to bit axis 119 than backface 121. The invention has significant
advant ages. The arrangenent of the teeth reduces balling of shale in the

r ows adjc?clent to the narrower grooves and inproves renoval of drill cuttings
because~oEthe greater widths than in the prior art for conparable sized
bits. The reduction in balling and better cuttings renoval has resulted in
greater lpgrn;eor nee bqf trple.bi t. Wiile the invention has been shown in only a
few of it &R RROME P RATPE e apparent to those skilled in the art that it
is not so limted but is susceptible to various changes w thout departing
fromthe scope, of. the invention. "9" | ~~ Clains . An earth ri.ng.bit,
compri si ng: APBFALPE W%rﬂﬂf«}b%*&,be@amuewﬂé”orb@mnﬁ%ﬂmaewnfarls-wvgﬁsme about
a cone axis while the bit rotates about a bit axis; an outer row and an

adj acentotaighakout st @xifg el enents on each of the cones, each of the cutting
el enents of the adjacent row on each of the cones having a crest; a groove

| ocat ed between the outer row and the adjacent row on each of the cones; and
an outer row and an adjacent row of cutting elements on each of the cones, each of the

cutting elements of the adjacent row on each of the cones having a crest;

a groove located between the outer row and the adjacent row on each of the cones; and

each of the grooves having a width, measured between tips of the outer and adjacent

rows, that is greater than a width of the crests of the adjacent row on the same cone,

2. The bit according to claim 1, wherein the width of each of the grooves is greater than one-half

of the width of at least one other of the grooves.

3. The bit according to claim 1, wherein the width of each of the grooves is greater than one-half

the width of each of the other grooves.

4. The bit according to claim 1, wherein the outer row of one the cones has an inner side that is
tangent to an inner side plane perpendicular to the cone axis, the inner side plane being closer to

the bit axis than to a plane containing a backface of said one of the cones.

5. The bit according to claim 1, wherein at least some of the cutting elements of the outer row of

one of the cones has an outer side that is spaced inward from a gage surface of the third cone.
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each of the grooves having a wi dth, neasured between tips of the outer and
adj acent rows, that is greater than a wdth of the crests of the adjacent
row on the sane cone. 2. The bit according to claim1, wherein the w dth of
each of the grooves is greater than one-half of the width of at |east one

ot her o he.grooves. 3,.The bit. according to.claima1, erein the w dth of
cach of o1 HE T RSEHTE e it de WPt B Of SHEOTFIO QIO REHeGETE HE o her
grooves. 4. The . bit according to claim1, wherein the outer row of one the
cones h#asesred; AR ans frard euter jrew guilinge flemen aliernaging Wity ge optvgd outer row
perpendi cular to the cone axis, the inner side plane being closer to the
bit axi euttikgglementa pl ane contai ning a backface of said one of the cones. 5.
The bit according to claim 1, wherein at |east sonme of the cutting el enents
of the outer row of one of the cones has an outer side that is spaced

i nwar d ¥r dire kit gewedisgitd claim hiwlterain edvh off theamtting-clednedits of ke diter rapodredingf t o
claim1, wherein cutting elenents of the outer row of one of the cone are

st agger ¢, condsttas abrestnwar d outer row cutting elenent alternating with an
outward outer row cutting element. 7. The bit according to claim1, wherein
each of the cutting elenents of the outer row of each of the cones has a

crest. §. AMeaRRbbihgaf, coEpididg: conprising: first, second, and third cones,
each cone being nounted for rotation about a cone axis

first, second, and third cones, each cone being mounted for rotation about a cone axis

while the bit rotates about a bit axis;

an outer row and an adjacent row of cutting elements integrally formed on each of the

cones, each of the cutting elements of the adjacent row on each of the cones having a crest;

first, second, and third annular spaces located between the outer row and the adjacent row

on the first, second, and third cones, respectively;

the third annular space having a width, measured between tips of the outer and adjacent
rows, that is greater than a width of the first annular space and a width of the second annular

space; and

the widths of the first annular space and the second annular space being greater than
widths of the crests of the cutting elements in the adjacent row of the first and second cones,

respectively.
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while the bit rotates about a bit axis; an outer row and an adj acent row of
cutting elenents integrally fornmed on each of the cones, each of the
cutting elements of the adjacent row on each of the cones having a crest;
first, second, and third annul ar spaces |ocated between the outer row and
the adjacent. row pon the fiyst, second, and third cones, respectjvely; the
third shniiehi Sfaeiiia i & Wieein MeaBaGH di Bt Hoth Frs ORI and
adjacent rows, that is greater than a width of the first annul ar space and
a wdt tﬁa@ffthftwgﬂs%fc%%ﬁ}?c%gﬂlné}ar Spas&ce; and the widths of the first annul ar
space and the second annul ar space being greater than w dths of the crests
of the cutting elenments in the adjacent row of the first and second cones,

r espect 18/ eThe bit acgorgingtp elagn 8, whersindhgyidthholthe first @unuldgs spaseis graeteniban pneof t he
first annul ar space is greater than one- half the width of the second

annul arhaifphewidtl 6f thibesohd antmbac spate agd the thgtdednnuls: spaber ein the wi dth of the
first annul ar space is greater than one- half the width of the second

annul ar space and the third annul ar space. 11. The bit according to claim 8,
wher ei n1l hEhechit #cording tofclain @, wheremahesutbramwast dna nier comediastahadtnet side thangent to
an inner side plane perpendicular to the cone axis, the inner side plane

bei ng claps@ td sh inh&rssidy flarpeSpenbidtlat & he RO < oYl idhd}isRig Hankdcinh@kBerab sai d
one of the cones.

the bit axis than to a plane containing a backface of said one of the cones.

12. The bit according to claim 8, wherein the outer row of the second cone has an inner side that
is tangent to an inner side plane perpendicular to the cone axis, the inner side plane being closer

to the bit axis than to a plane containing a backface of the second cone.

13. The bit according to claim 8, wherein the outer row of the third cone has an inner side that is
tangent to an inner side plane perpendicular to the cone axis, the inner side plane being closer to

the bit axis than to a plane containing a backface of the third cone.

14. The bit according to claim 8, wherein at least some of the cutting elements of the outer row

of one of the cones has an outer side that is spaced inward from a gage surface of the third cone.

15. The bit according to claim 8, wherein cutting elements of the outer row of the third cone are
staggered, with an inward outer row cutting element alternating with an outward outer row

cutting element.
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12. The bit according to claim8, wherein the outer row of the second cone
has an inner side that is tangent to an inner side plane perpendicular to
the cone axis, the inner side plane being closer to the bit axis than to a
pl ane containing a backface of the second cone. 13. The bit according to
claims8 erejn the outer. row of .the third cone has an.inner side.that is

t angent 1% \(,)\‘P]éenblf ?ﬁ’fBFd%ﬁ t(?ec‘iﬂ’lnaﬁn@’hﬁéet“b%ar‘fbio the-ptng slementspfehe opier raw af fagher

si de pl ane being closer to the bit axis than to a plane containing a

backf acef the camgehasiGreft.cone. 14. The bit according to claim 8, wherein at

| east some of the cutting elenents of the outer row of one of the cones has
an outer_side that is spaced inward froma gage surface of the third cone.
15. Thelbi Thebit eecgrding taclaima.nvisreinsils wcondcapnpian gpase ismematler ipfwidthethauther r ow
of the third cone are staggered, with an inward outer row cutting el enent

al t er nafiishapnuiat $paer out ward outer row cutting elenment. -12 16. The bit
according to claim@8, wherein each of the cutting elenents of the outer row
of each of the cones has a crest. 17. The bit according to claima8, wherein
t he secofhdAapartt loring paceompmistpnl | er in width than the first annul ar space.
18. An earth boring bit, conprising: a plurality of cones, each cone being
nmounted for rotation about a cone axis while the bit rotates about a bit

axis; a plurality of cones, each cone being mounted for rotation about a cone axis while the bit

rotates about a bit axis;

an outer row and an adjacent row of cutting elements integrally formed on and protruding

from each of the cones;

an annular space located between the outer row and the adjacent row on each of the

cones,

wherein the outer row of one the cones has an inner side that is tangent to an inner side
plane perpendicular to the cone axis, the inner side plane being closer to the bit axis than to a

plane containing a backface of said one of the cones; and

wherein each of the annular spaces has a width that is greater than one-half of a width of

at least one other of the annular spaces.

19. The bit according to claim 17, wherein the width of each of the annular spaces is greater

than one-half of the width of each of the other annular spaces.
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an outer row and an adjacent row of cutting elenents integrally fornmed on
and protruding fromeach of the cones; an annul ar space | ocated between the
outer row and the adjacent row on each of the cones; wherein the outer row
of one the cones has an inner side that is tangent to an inner side plane

per pendj cyl.ar,.to the cone axis, the inn ide pl.ane being. closer, to the bit
axis t h%{)nu}fht? bt acgqrding t%aﬁ%ﬁni“ﬁlﬁreé{l @88‘1&‘?‘58&}’6@ FFPHFL IR 90 Of Bifes: and
wherein each of the annul ar spaces has a width that is greater than one-half
of a wi¢ps ispreater thag she wigHeoroatieast orfe athes ofH§GPRes. spaces. 19. The bit
according to claim17, wherein the width of each of the annul ar spaces is
greater than one-half of the wdth of each of the other annul ar spaces. -13
| 20. The bit according to claim 17, wherein the width of the annul ar space
on said one of the cones is greater than the width on at | east one other of
t he cones. -14
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