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 ear WIDPGROOVEROSLER €ONEBBITtO drill wells, has
three cones that roll around a common axis. The cones 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
a drill string. Figures 1-3 illustrate a typical prior art rolling cone bit
11. Bit didsdRereldncE fo RAGE % éﬁ°¥ and 17. Cone 13 has a spear point cutting
el enent "T9 on 1S | eel or outer row 21 of cutting elenents
on its outer end. The outer side of each tooth of out er row 21 joins a gage

surface 22. h a t ak
integrally f-oli*rﬂﬁegblé\nfc%ﬁz& %ioaﬁ{el?;}%ﬁm'rtf th; #)'I%Vig{blﬁ%lt gg esi p@(faaﬁapég)zsd%h%s?l teet h
are general | 3 Qb‘f -shaped, each haV| ng a -1 crest 28 that is

per pendi U he direction of rotation of the bit. Alternately, the

cutting elenents could be cast with the body of the cone or conprise
tungsten carbide inserts pressed

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
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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 |ines, covers each cutting
el ement in outer row 21 and inner row 23. Groove 25 is generally triangular
i n crossresel8ithat ianpdrpeadicelamicdthie difectibrabf natytidre of reieshit. € Alfeatavede rthé icpising f
teeth 21, 23 at the crests 28. In the prior art, width 26 is nornmally | ess

than t hejemedtsiconfd 6¢ st wi thé badye bt tHeN@ne @ ROMPiseCtuingsiéiCEarbi@¥VindertPpresied Out er
row 21. Referring to Figure 1, cone 15 has an outer row 29 and an iInner row

31 spac ?1% h a groove 33. G oove 33 has a nmuch wder width 34 than
wi dt h 22&8 cé‘%eaﬁ. In the prior art, wdth 34 is typically equal or
greater than the width of crest 28 of one of the teeth of inner row 31.

Cone 17 has oyter row 35 and an,inner row, 37, spaged apart a, groove 39.
Groove 39 na®n8 Taiie B8 ar ikt g 22, B8R0 Bt AAPRE BENRER TP AR a0
is greater than the wdth of = crest 28 of e of the_out row teeth 35 or

| nner r ok EEEbeseen AYter fa 23 0 s o3y 23 4 layeg of Eafﬁfagsgiﬁcﬁhgwnizw@hmranged
for a desired bottomhole coverage, as indicated in Figure 2. In Figure 2,

al | of tlines,raowers ghch eutting glementonaouier oMt 8l and imgr ow 23ct Grweue 2plingeneraigne of
the teeth intermesh with each other as shown in Figure 1. The nunber of

rows pertriangudariim cliokeseotiomandalids acwidtth26 that mapbe nessuirddnisetwednais of heetin2 1, 123
Figure 1. In the prior art exanple shown, there are a total of seven rows,

and the gfand &eRsHS I Privk skt "width 265isnREALIRdess PRanCGRE KidiH BB EfestorBeof Mdttg has
the spear point. In an eight row bit, the narrowest groove width 26 would

be nor ”Héllar){er{?'afﬁxﬁé}‘%JJZG dmifﬁﬁte.}ﬁ)\ﬁﬁﬂe nunber two. In a nine row bit, the

narr owest

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 prior
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



-2 groove width 26 woul d 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 internmesh and the desired bottom coverage. Wile workable, in
certain formations such as shales, the cuttings tend to ball up in rows

separ at gio®) width Z8nvaiila O @8 con€ USIGiHi¢h i Rend Rintbed thrie NARtnagbivaitooveLINGHeYof Of
the I nvention The bit of this invention has first, second, and third cones,

each conge &R dasBren hedsdafy in thOhddri 4P in %pd&' to AchfeRR Entdrhlesh ‘MH 1h€ dtdRd Bbiom

rotates about a bit axis. "An outer row and an adj acent row of cuttlng

el ement S, 3l God 0%18%&&@@9? ?rftalﬁ Smtal Ssucﬁ% Qhaﬁ‘{ bl féﬁéﬁ % &) 3

the adj RCenterow on ea ones crest’ exten g perpen cuI ar
to a direction of rotation of An.annul ar space or groove is

| ocat ed B SERSFATEHY TATHOZY grPBWSaWH““t‘%&‘gH?t%B%?ﬁneﬁrWno each of the cones. To

reduce balling, the narrowest groove between the outer and adjacent rows is
made larger than in conparable sized bits of the prior art. The increased
wi dt h i sSummary,of the davention, equci ng the wi dths of the crests and
re-positioning the rows for bottom coverage. The inner side of the outer
row of one of the cones is noved inward a consi derable distance for bottom
cover age bet wEherbit plethig igesntionhavfinst, seeond, afd thisd cgresoeash dene beingvmgunted for
nmeasured between tips of the outer and adjacent rows, that is greater than
a w dt h nftatioheaboutes tenedxist Whileathe ditantatesabonna binaxisanen cuteerow and dreadjacent
enbodi ments shown, each of the grooves has a width that is greater than
one- hal f y®f oficitifld BleMbntdtare 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 narrowest 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 adjacent rows,
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



| east one, and preferably all of the other grooves on the sane cone. The
outer row of one of the cones has an inner side that is tangent to an inner
si de plane perpendicular to the cone axis. The -3 inner side plane is
closer to the bit axis than to a plane contai ning a backface of said one of

the coimer sil plahe I9acdeset ff ihebitGixistthen { fplan@ Sortaifidg @ bhckfacetoft @jdoste ¢ffthél
prior art three-cone bit. Figure 2 is a |ayout of the prior art bit of
Figure lonesth the teeth of the cones rotated into a single section plane.
Figure 3 1s 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

conpar a?ryefﬂeﬁsg t{mmﬁeﬁpg‘ygﬁpe before the application of hardfacing and
constru this invention. Figure 5 is a |layout of a

t hree-cone bit constructed in accordance with this invention, the bit

i ncl udi ng the. nunper_ .one, cpne.sho in Figure 4. Figure 6 is a |ayout of the
bit of Fi gurgl%‘,rena/lst%ax%éo %B’fl?{a&wgfeﬁéco%ﬁgs shown rotated into a single
section plane. to show bott coverage. .Figure 7 is a layout of an alternate
enbodi ment of IBAGF S & ngg{e@awrﬁﬂge%gwmb ittt Feet efptﬁﬁe%twﬁir%t.edmt@ure 8

is a layout of the bit of Figure 7, with the teeth of the cones shown
r ot at ed a single sgction plane.

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 9 is a top view of 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. Cone 43 has a
cutting elenent 49 referred to as a spear point on its inner end and a heel
or outer row 51 on its outer end. Cutting elenent 49 extends closer to the
bit axis of rotation 50 than any cutting structure on cones 45 and 47. Cone
43 has et &P btiGE bAGE Thvéntin>3, referred to herein as adjacent row 53,
spaced fm%w%qﬁbmnul ar space or groove 55. The teeth or
cutting elenments of cones 43, 45 and 47 are covered w th hardfacing 54,
shown by the kNes. 1T, t 0f, C , a 47 illed
teeth that ar%?%!éﬁ?&nggﬁ Fér gmﬁﬁ h4e1 Kn%tta e%oc{bng IeB’b%)SggI?%]ﬂ%t héénec%g%s. a%ﬁt‘ﬁnéﬂ
Alternately, the teefh could be cast.with the hod f the con or, conprise
Fungst orfertsas B9 ot ut & b Bat o1 it e leef fr PHE BBRSL ond hes

43, 45 and 47. G oove 55 is triangular in cross-section and has a wdth 57
nmeasur eceMHe Griting element ¢ extendsolaser tedheibib axin pf Wiption SQkan agy rulding stectureonh i n
outer and inner rows 51, 53. Wdth 57 is considerably greater than width 26
of gr ooveon2H4g Eidydit eCane 4% has anawpamakt| adjasent eow 531 refdrregdite hereiras adgcent row
Preferably, width 57 is greater than the wwdth of a crest 59 of one of the

teet h of spdpReEHbm Jued bW SArbyQta@huliospadelor drodielsdi Mhehedtilbogittng demedendfai ned
on each tooth. Crest 59 on each tooth is perpendicular to the direction of

rotati oncfifes 49NB £hd 47 dle LN ete iR HardBRn SMbﬁloWncgﬂthfraglﬁgﬁﬁtyﬁgles. OTheREM

tooth of adjacent row 53 or outer row 51 is less than wdth of crest 28
(Figure 8‘9 co%fes 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, or 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 28 (Figure 1) of
each tooth of inner row 23 or outer row 21 of a comparably 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



each tooth of inner row 23 or outer row 21 of a conparably sized prior art
bit. The reduction in wdths 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 adj acent row 63 separated by a groove 65. Groove 65 has a width
66 neasut’ed goovd 65t iHuoveytr, theeamewtt fof défference iv natssochyuctsds inhthe prisr gt dittadt

than wwdth -5 57 of groove 55. However, the anount of difference is not so
much as Figurehe-3prTh oliis 8xdmpde, twidth S7Rk giokethad haf the ambobntsofexidnidee, Invhedrior at | S
nore than half the anmount of width 66. In the prior art bit of Figure 1,

Wi dth 26pii 6f Bkr¥ 1201k 26 ol abcklt Bhe-Wird (of width 34N 14 flﬁsse)ﬁifﬁlép{wﬁlth%ﬁt%_ea@& i's
greater than width 34 of the conparably sized prior art bit 11 of Figure 1.

The | nncfiad Wi o AhaSHRbarallf U B8 phsr BE SLONAWY Ma%R3 e LASPiad Bt ddieehnor

end of cone than 1 o arably sized prior art of

47 has an oyjer row 67 that, B has outer si.de s ed.ipward from gage.
surface B8 Phis Rrefpably spaced elosi-tothe mnerand af seng ¥ thad in (e spmomatly sEeC R ow
67 is spaced inward fromgage surface 68 by an annul ar space 69 having a

wi dt h 7oart pihafFigurednace width 70 is slightly less than the width of crest
59 of each of the teeth of outer row 67 in this exanple. The w dth of each
tooth of outer row 67 is less than a conparably sized tooth of outer row 3 5
(Figure 1). Thene 4inkas agioyter 59w Gt tlat hasan @rrerisidespansd inwasd fiom gage surbge 6Bin t he
i nner side of outer rows 51 and 61 of cones 43 and 45. Furthernore, the

i nner si tas eftampsec hin thist émtmfdimertt ethe ronver Gidei of duter abewdo7 ivspecednnaard frdmgagae
conparabl e teeth of prior art outer row 35 (Figure 1). Referring to Figure

6, pl anesfdack 68 m? R anlilspade 690haSRBQ WidthS70 fAnnGlaApae8 width 206 dlightlyPlegeRan t O
the inner side of outer
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 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. 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 (Figure 1). Referring to Figure
6, plane 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 (not 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



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 67 of cone 47 closer to bit axis 50
than to cone backface 75. A simlar plane (not shown) in the prior art

exanpl e (ExEurEl QUITRe Avidthldfdhd EYeQrsoestteat i footPBEadfacest rOWOBETs 1659 thdnah®asdth age
than the axi s. Adj acent row 77 of cone 47 is spaced fromouter row 67

by a grq&\§€287&‘prg-gﬂ‘6ﬁ 1{{FiaR 1)@ Wi dth 81 that is approximtely the same as
wi dth 40 of a conparably S|zedl prior art bit 11 -6 (Figure 1). The width of

the crest 59 of each tooth of adjacent row 77 is |less than the wi dth of
crest 28 of pr i ): | ilel the
reducti on |n&®feg{$§{t@fl%c¢1%‘}r? élgI%P‘Ecglgéénﬁﬁﬁé&%\%@ggn?oé‘goa aulr((:)g'rsn%ﬁ

t he varl us, r ows vi des a roximptely the s bot t gm.cover age as. |nthe
b or - artfe Babetiic BF S aus RV BoVRes adoriofiGeiBin s2up SHOS congass RO Behe
center line of outer row 67 of cone 47 | ocates equi di stant between outer

row 51 AWAT adjbE o Kigureqy Bthe firs smbodimentafitiis inveitiongthe genteidine of puteh 0w &Y acent

row 53 of cone 43 |ocate between rows 61 and 63 of cone 45. Both cone 43
adj acentoficone 4$Blogatds eqpudista batiyean enter raows 63nd adjzdent dowt Yeeficopond Onteuowr row
67 and cone 47 adjacent row 77. Wien the bit has nore or | ess than seven

rows of g7sft tonetdland adjatenOrowd 53 BAEINRMS6card EtWeenTéwsi6gahd BB of Rofd4®E B&thor
cone 47. \Wen the bit has nore or |ess than seven rows of teeth, the

| ocati oneygt 49 ‘dEij%Een'E BW 67 and'Boret aBackRAYGSS 1964 BetbloBS tohedd &G rbw 6If dndgage,

m ght be on cone 43
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



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.
Quter row 67 could have crests 59 of conventional wdth and have its outer
sides flush with the gage. Alternately, outer row 67 could be staggered,

W t h al 163 has 4 Addth @65 hadfis ey tham @/idsh 91 hasCshe®h $n Figufee®: OMHis eliffepsifromnhe fiust shown
in Figures 7-9. Cone 83 has an outer row 85 and an adjacent row 87

separ at @ghbB¥imBntINIREY Rid¥P 57 51164 kitnSvidhRISFW 6. h 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 surfaceQ9. 167H.kS &%ﬁ%{)edr&%ﬁ o“?fwith':&ﬂ&ﬁr?ogmixg‘elgﬁkﬁgﬁgbaégdvliﬂlrégd ai s

separated from outer row y annul ar groove oove

idth 105 that is, | t han, wi dt h._91 ho in, Figure hi.s djff

1 om t ndat g alenein BBt e i Bdter S sre s\ §ieioobbble )

Cone 107 has_a st.aggered outer row with outward cutting el ements 109a and

i nwar d  %@¢h Pihap et fich Qitingoglemend 398 Ipcated m}gmﬂgbetwm YRy CEPRgEIsIENts 09

and 109b alternate with each other, with each cutting el enent 1096 | ocated
equi di stl®fa. Bbe nembertofisuiting telemgnts| 19A@ 15t the sandas. thy mumhemdfeuttong elementsni@ob
el enments 109a is the sane as the nunber of cutting elenments 109b in this

exanpl e.in Tieexauipks. Hietmseraides of vatwdrdeutting gerndnesTHIYasre ltkh veithegalgk mafthcad9 h
gage surface 99 (Fig. 7). The outer sides of inward cutting elenments 109b

are spac@gh Tyverd dut?HdaaeeinWard é\ﬁﬁrégbggmed@ 169%2ar8 ¥PRLH RMrd HoRVEhge biaceuUt er

sides of inward cutting elenments 10 are inward from the inner sides of

outwar d gyit {1 g eSh&HRBH Shd W the Ol GG of ilWark Thttlg diMentd ABYGEHWARLEOM

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 105 of groove 103 is greater 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



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

| ocat ed between outer row cutting elenents 109a, 109b and adjacent row 111.
Groove 112 has a width 113a fromoutward cutting el enments 109a to adj acent
row 111 and a width 113b frominward cutting el ements 109b to adjacent row
111, astanpenito the tipFiofjouter Rw tittihgeldh&as i @9bl carthe innethside andgtetyenditulamtd cas.
Wdth 91 is larger than width 105 in this enbodi nent, thus the narrowest
annul ar agis 0DV EP1hR! WS aiteRE}tR EGRtaxiR 1D 7 @lbk&Tto bRR\W&is i1M9 EH&h%acl&ﬁﬂéQQll ment is groove
103 of cone 95. Although smaller, width 105 of groove 103 is greater than
one-half the wdths 91, 113a or 113b Al so, width 105 of groove 103 is

greater thanThhgveMidil khs MpnifientCi®aise’ BH) ﬁ%ﬁém&few%wteeﬂ;hx%dﬁdmmh@ de of
t he outer row of cone 107 1s considered to e inner sides of I nward

cutting o?l 2 ?ne adgx%rﬁr}gotﬁ? h%?\%jr éx%]p%le nd'l ‘gs r%\?gva?% Qi cBﬁﬁHg%S and

97. Pl ane IS tan w cu el"emen 09b
on the inner side and per |cul r to co aX| S 17 Pl.a 15.intersects
cone ax .@Wiﬂy%ﬂ%&?ﬂv Sl o ' 5 91 &0 oecimbaiote dted ke THR@ANHSR Mac
significant advantages. The arrangerrent of the teeth reduces balling of
shal e i hallingandheitcreytingsmemevs! hassewdted buaseaterResfpemansnaf thepitoves renoval of
drill cuttings because of the greater widths than in the prior art for
conpar abl e sized bits. The reduction in balling and better cuttings renoval
has resul t ed Whileghe sntventiqnelras dreemn stoavnoih ankyea fiw of i fdrenst i should batappateritds been
shown in only a fewof its forns, it should be apparent to those skilled in
t _hehart thésat skilled ii® thort thatl it i3 hetdsdo liinited bawscspdeptible tbovaviais chahgeshaiyrs
wi t hout

departing from the scope of the invention.



departing fromthe scope of the invention. -9 Clains 1. An earth boring
bit, conprising: a plurality of cones, each cone being nounted for rotation
about a cone axis while the bit rotates about a bit axis; an outer row and
an adjacent row of cutting elenents on each of the cones, each of the
cutting elenments of the adjacent row on each of the cones being generally
chi sel - shaped and having a crest, each of the crests being an edge surface
extendi ng iamsan outer side to an inner side of each of the cutting

el ements of The adjacent rows, each of the crests being generally

perpendi cular to a direction of rotation of the cone on which it is

| ocated; a groove |ocated between the outer row and the adjacent row on each

of the cones; an each of the. grooves having a width, measured between tips
of the outeér ‘heFIRYRE RN CYWRISME hat is greater than a width of the crests
of the adjacent row on the sane cone. 2. The bit according to claim1l,

wherei n the wi dt Rlwplitspfirones, eaeh gansdiedng meuyed ferefotation ARoving corg #xivf t he
wi dth of at |east one other of the grooves. 3. The bit according to claiml,
wher ei n t havhilg thetbitgbtatsaahowfa bitaxigr ooves i s greater
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 being generally chisel-
shaped and having a crest, each of the crests being an edge surface extending from an
outer side to an inner side of each of the cutting elements of the adjacent rows, each of
the crests being generally perpendicular to a direction of rotation of the cone on which it
is located;
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.
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than one-half the width of each of the other grooves. -10 4. The bit
according to claim1l, 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 pl ane

contai ning a backface of said one of the cones. 5. The bit according to
claim1, wherein at |east sone of the cutting elenents of the outer row of

one of the,con an outer . side that iis spaced inward from a gage
o DT R i sreln k8 oBRREY o VR b g B

surface of "the cone. I'’ng ercutting
el ements of the outer row of one of the cope are staggered, wth an inward
outer ow e PR AL “mINnEr N4 PGS RFPANCISTda0 b FaMtctite (e BHFUER | ng
element. 7. The bit according to claiml, wherein each of the cutting

el ement s oblageneing glaser t¢ Big biff axiadpn 55 2 plaae ewirining adagkfaecaf saidgonesyf thear t h
boring bit, conprising: first, second, and third cones, each cone being
nount ed f o¢onedt ati on about a cone axis while the bit rotates about a bit
axis: an outer row and an adjacent row of cutting elenments integrally forned
on each of the cones, each of the cutting elenents of the adjacent row on
each of the cones being generally chisel-shaped and having a crest, each of
t he crest sS.bei nbheait ecdhgedisgitd glgien 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.

6. The bit according to claim 1, wherein cutting elements of the outer row of one of
the cone are staggered, with an inward outer row cutting element alternating with an

outward outer row cutting element.

7. The bit according to claim 1, wherein each of the cutting elements of the outer

row of each of the cones has a crest.

8. An earth boring bit, comprising:

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 being
generally chisel-shaped and having a crest, each of the crests being an edge surface

extending from an outer side to an inner side of each of the cutting elements of the
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extending froman outer side to an inner side of each of the cutting
elenments of the - 11 adjacent rows, each of the crests being generally
perpendicular to a direction of rotation of the cone on which it is

| ocated; first, second, and third annul ar spaces |ocated between the outer
row and the adjacent row on the first, second, and third cones,
respectively; the third annul ar space having a wi dth, nmeasured between tips
of the outgf dj r - ' reater. than a width of the first
annul ar spiiseBi a3 LRGER tng e obBEbelel TR G L BRI A bl el o
the first ul ar space and the second annul ar space being greater than
wi dt hs of &ﬂE68F5§P§aBﬁ1FHg° #ing el enents in the adjacent row of the
first and second cones, respectively. 9. The bit according to claim S8,
wherei n the wi it secandeand ihied anylaraspacss deeatgds betyeem the owtRFovoead Wad f t he
wi dt h of the second annul ar space. 10. The bit according to claim8, wherein
t he w dt h afjacehtgofvianghe frshiskamdspalabird sonegrrespeetiveiyhan one- hal f the wi dth of
t he second annul ar space and the third annular space. 11. The bit according
to claim8, wheheitlird aeutaitspiicer ipwingfa ofdht easo@dastias @3 oMhebutes btk t hat
is tangent to an inner side plane perpendicular to the cone axis, the inner
side pl angijReh@we! ABAs %ﬁbafeh@naﬁ'at wi 8f thBansttAn@aPbRRE af®@ALAHIRI dTh&
backface of "said one of the cones.

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.

9. The bit according to claim 8, wherein the width of the first annular space is

greater than one-half the width of the second annular space.

10.  The bit according to claim 8, wherein the width of the first annular space is

greater than one-half the width of the second annular space and the third annular space.

11.  The bit according to claim 8, 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.
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-12 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 perpendicul ar
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
claim8, 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

si de pl ane,pei n@tt]eﬁLf?%géor&ig%ttg'%kl%%ﬁh%igﬁelﬁ rt}?enth%l ,%“P{naﬁ',% s%g&tdado% s &n

backface of "the It accor m 8, wherein at

| east sone.of t. h in enent s og t he ou &ﬁ f one of %he cones has
on-out or | o0 TG s Bl R g e ap Gt ieulat o B e F Rl e cone.
15. The bit, according to claimg@8, wherein cutting elenents of the outer row
of the thpifePlBnBeing sloserdg das kitiaxinihan tan plapgaeHaiBiesrbackiice of the repoad enent
alternating with an outward outer row cutting elenent. 16. The bit
accordi ng taecl aim 8, wherein each of the cutting elenents of the outer row
of each of the cones has a crest. 17. The bit according to claim8, wherein
t he second annul ar space is smaller in wdth than the first annul ar space.

-13
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.

16.  The bit according to claim 8, wherein each of the cutting elements of the outer

row of each of the cones has a crest.

17.  The bit according to claim 8, wherein the second annular space is smaller in

width than the first annular space.
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