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WD 2007/ 120494 PCT/ US2007/ 008126 H GH DENSI TY ROW ON
ROLLER CONE BIT PRIORITY CLAIM This application clains

w@rooaned4g4 t o provi si onal application 60/ 788, 76BCT/US200T008126

5 April 3, 2006. TECHNI CAL FI ELD Thi s invention
relates in general to an earth-boring bit cone and in
particular to a rolling cone earth-boring bit having
a row of teeth that has a higher density than

Floare 1 111 dRretReNerEy e opl RErR codp f¥boring

bit 11. Bit 11 has a bit body 13 that is threaded at

its upper end for connectlon |nto adrill string. Bit

body 13 has a nunber off BJP&ILYrelédMpensating

| ubri qapt aﬁ;ﬂﬁﬁﬁ&&'dlﬁm]ﬁpn&%y Rpﬁh‘ovlﬁohzﬂ Qﬂpiﬁaﬁé@\ﬂm 766, filed
wth at | east one nozzle 17, which discharges drilling
April 8 2608m down the drill string to 15 cool bit 11 and

wash cuttings produced during drilling out of the

borehole. A plurality ofE€BRESAIGFIEIDare nounted for
rotat hgfl 1?1 € ﬁﬂ)t Ileia%( %:fr])lafa"l“’té 08 eaﬂfn %ﬁfmg %ft;(mtn\%o aﬂg'rilg [barticular to

art exanpl e ere are three cones,
& frolling @mlne@rthil@m%lbmrlavsthmow ohteatlpthat diab tayhigher density than

g(? g&fnlt r?Ws gr? ﬁ&xep c%/rllers] glfecbl?St 25 that extends

axi s rotati on of each cone 19, 21.
Durl ng drilling operation, cones 20 19, 21 roll over
the bottom of the borehoIBeA@éGng)‘dNiD l ed while teeth

23 e %%{ré‘tl §119§Patesd+ gltp'l‘%ag %%1‘%} grtte{ﬁr‘tust ?‘2’? it ] { B E?t;fulfgas 2 bit body

bits sim
ﬂ]é\\ﬂnatas thneaded atrits gppmsmd foe comestipaintd audrdt btyingp ;Bit body 13 has a
f or nafulr?ons such .as

g@ﬁh\r}g" 3 IFS|,5§|§"{ ﬁ?eﬂsaﬂﬁ Ecg?t I'F?GI'V%II'S }55 ﬁg ody 1R atso provided
fmuhrm%a@n&le xmmleem ivettielt Hisclargendyéiting dkiid fidth dewal ti5drill string to

t f al 1 dent at th
RN PN R A e L A U R L

condi 1A pRuralfty Iﬂfoameassat Racitk nﬁouaﬂéd E&NrotidrOus | dntilevered bearing
I npai.r the penetration _rate, fe and perforrmnce of

Bins- {1 thia jeioR gft egﬁmnl%dh?rﬁgar%ﬁhrﬁﬁ SORGS; Bt oply thiop are shown. Cones

o) Q'Ftaﬁ‘@fsﬁéjwﬁ Ryifil Quﬁl%rallty Sfidah 3D aRhiRNind™8 t&éétaiS that extends
may becone packed between teeth 23, revent| rg teeth

parallelovith @n @xisae meiptionook eashicopadfi 3 ligg operation, cones
beﬂz £bof1 beGUht %eus&eof @ﬁaeoo%hoqt? B@i‘n&aérilféﬁ \Qﬂﬂ@'tctet}il- 33 penetrate and

T is condition is known as balling. Balling, [ik
distitegralg, thpeasthimfosmatient eet h 23 from

Prior art bits similar to that illustrated in Figure 1 have a shortcoming that
becomes particularly apparent during drilling of formations, such as shales, that behave
plastically. During drilling of these formations, conventionally arranged teeth 23 tend
to fall into indentations made by the same or another tooth 23 on a prévious revolution
of bit 11. This condition is known as tracking and can seriously impair the penetration

rate, life and performance of bit 11.

Another shortcoming of the prior art bit illustrated in Figure 1 is that formation
material may become packed between teeth 23, preventing teeth 23 from penetrating
the formation deeply and thereby reducing the rate of penetration of bit 11. This
condition is known as balling. Balling, like tracking, prevents the teeth 23 from
penetrating to full depth, thus resulting in inefficient and costly drilling. Balling also
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penetrating to full depth, thus resulting in

inefficient and costly drilling. Balling also 1 WO
wQo@7/1120494 PCT/ US2007/ 008126 prevents the fRCTESDINT/008126

crests 25 of teeth 23 fromreaching the |evel

sufficient to fracture rock. The characteristics of

both tracking and balling are well recogni zed, but

generally are treated as i ndependent problens. |In nany

cases, tures t ha duce track g pronote .

Iﬁsm%gw FRE QA %rsstééﬁé‘ tegth 93&%5? ‘%‘F‘Fﬁﬁ"ﬁs putfiging to fracture

totkely to occur between cl osely spaced teeth. Large

and w dely spaced teeth are nore prone to tracking.

DI SCLEURhafdctetisicd NYEDHthO¥adilifg bidd ‘Bﬁllin@l frel Wéﬁnt'éo@@mzed but
has a pl ur al |e:dg of, cones each %aw ng | east one

10
g“ﬁ‘? Iyparedr@tsdons dpdeperdant papb Peastlnowenxsfcame features that reduce

ﬁ{g;ﬁ‘éhﬁit@bm%@ 214 ﬂke heRal RpPexRipid)allngieedrs likely to occur
ensity row. The high density row is spaced
beéwp% ICkaPb’nﬂquFéd tﬁe?thax iLarge path vaidelyosraced feethf arghgaore prone to
#ﬁ&ﬁk?Edlate rows on at | east one of the other cones.
gh density row has a | esser pitch than the

pitch of the clo fﬁﬂﬁﬁi r OWs.
In the preferr edslglrns‘oc(;L Sﬁgﬁgaggggﬁof t elqtbg\et h of t he
hi gh dhedit ¢f thiy iheention hasi gmlu@ubspﬁmpneﬁl, epch hevingnat least one
1%?&{&:@81 eié"t%"f gevc\zéﬁ hét ieieﬁag{ ?nei %f {htlgeinfeﬁﬁg& otre@vsoof%étrlgast one of the
aensid y highwdanidytrbw. cTlos bighadensivy rowds spaved rfmhbra&can the bit axis
ows has a leading flank and a tr .
AR sl g P fermAfliedas Soidh ashk Pt A opREeR%. The high
ddisity eev haoh 1dsher pitchhhdetheipiteh bfd doger ehe bhthle)ini2finediate rows.
substantially the sane as the included angle of the
teeth of the closer one of the internedi ate rows.
Each of tHehgref@RidhefbodiiRnt)i bh QERRE toLth @thﬁbaﬁl@ dens1ty row has a
l e flan apnd trailing . flank. The |eading fl ank

gltfn%_u eeflﬂ Y rihe f@m#i gh o heighy ofothe tee F SEdble qigRer one of the

infedhletiate fdvaKELh (ﬁ"lhé@éeﬂ@ 8hthd Kigh ity ¥ addihe closer one of the
circunferential gaps in the exanple shown. 25 In the

igseamsiliates ok hagta [leading dlsek gand: Retrailing rifasdi aac apoinsluded angle
tﬂ@reBQt%ve%B Thge GRIRR ::m.%lé1 BF ald AR BE %PQQ%@% B Qs preferably

the hig density row, | ocated fart rom:t
swbstantialhy the ﬁ@nhuaghtMemludydrwl%nﬁ thestefah pift die closer one of the

%Fegﬁltegfaté Pt% tﬁgc}ﬁbf % t%gtht&et E }?%}é gﬁtgtrll)“f P a le-gﬁﬁl& flank and .

ensity row has nore tee cl oser one
tréibing flapknethatadingnladndf ontdodthrinhtbe lmgledetﬁsmymw intersects the

traxhrelé Iﬁaﬁ%a(t)te \é’sacelktn{g)%{h %Hﬂxouy L&Y cgrrc gr%:ntzflqj gaps in the example
shown.

In the example shown, at least one of the intermediate rows on one of the cones,
other than the cone containing the high density row, is located farther from the bit axis
than the high density row and has a pitch greater than the pitch of the high density row.
The high density row has more teeth than the closer one of the intermediate rows and
the farther one of the intermediate rows. Inner and outer grooves adjoin inner and outer
sides of the high density row. Preferably, each groove has a width at least equal to a
width of the high density row measured at bases of the teeth of the high density row.
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30 sides of the high density row. Preferably, each
groove has a wwdth at |east equal to a wdth of the

woegh/idemwsi ty row neasured at bases of the teeptmob20nhrersize

hi gh density row. 2 WD 2007/ 120494 PCT/ US2007/ 008126
BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a side
el evational view of a prior art earth-boring bit.
Figure 2 is a bottomview of an earth-boring bit

constructed in i 1,Se I ' 5

Figure 3 is a Pg\jﬁl %@IQ&QE%WW% Fi gure

2. BESBigudIDES S)ide @RvVaARRY Ve 6EH pribiartt MWEENDLEM bit.

Referring to Figures 2 and 3, cones 27, 29 and 31 are

sui t abIgure gis ﬁd&%@ﬁh@%of B FAERrRgingdit ReYRLteddn Sfeptance with
ks EveMign. 1 i n place of the cones illustrated in

Figure 1. 10 Cones 27, 29 and 31 have rows of cutting

el eneHigire dtis akayout ofthe carbrbering bit ofFagwreiZse teeth 32

that are integrally formed in the supporting netal of

each cone, | YR RN POV

27 has teet f]éggrarr]aj@é j(;j;él)ir}ér]ows in abgjolﬁéenu on% TON

rran neRefefting do Fagwres Acnd de candsel, 2190€wd3331 hxscsuitgblle for mounting to

ﬁ‘ﬁme B%mg?%?t zc'sug}fo el(ngg’ilggi oﬁgﬂl gh (Sf tf?é %m%s i'mg@ated in Figure 1.

er e € rows are
Cmmr a7f 20matk a1 have 1Gw8If duttipgaglempentst vﬂﬂcldeﬂlthzss embodiment

TR AT TN ——

anlr_r,enﬂ%ngasn ttigie ieRardgleacdrRyckhsi taeth 3Qaikamged &nmwmmmnventmnal

in thi a The .rows o one .29.i ncl ude a hee

ARG Thete (R PeBHE HSEEPoa ERe APt PRI TaesS of cone 27

@h@w)n&e AnRAmbdiBRS row@\8 740nly SneS§HdWh)i die bhatel dy@add Bdm heel row
gure 3, 20 internediate row 43, also terned farth

3% Arspews RRTRt 3D deTines andragrest it piciecthy Fmsprar POy 3 bipg formed

B0 ah & &F ARAIACEn oW 37, which is referred to herein

as closer internediate row 37. Inner row 45 is also ] ]

| ocat §anflarrlr,he¢nef 28 rhasi tecthx P2 ag@ngedAn shearvepsiopl mgoner in this

’I?} Tow8 ohltofe 09RGHAEL heelqga'e413 :ht lecastc&ﬂ:f 151%%@121& row 43

ccordance with this invention. has a

fcowmm showmlagnd cave ininer eomedidat Ay @hpwg (nomey lam;t of Figure 3,

%M@(iiat@ké\g 4325@1 % te Eda 2r 5t &Hm@%&) ¢1d¢ ?Ygdzli%rther from bit

an I nner In the nose area o

axinéo thitrgimtede‘rm;hattq rovmw7A®h1ch i$ sfaratitochaysiarastetoser intermediate row
30 th h 3 far r

7ol 034" B0 Aarod b RhETHHORbE tn0 o e B B g cone 27.

row 4In alnid ernﬂrmhmemo\mﬁdﬂm'y cbefigued antacomﬂhmamﬂith this invention.

681r1]es %li l'K:altseadhglesl row 5‘;‘ ast 'oné rntltermecﬁgt%rr%w X9 (o 19 one shown), also

referred to as high density row 49, and an inner row 51 located in the nose area of the

cone. High density row 49 is located closer to bit axis 30 than farther intermediate row
43 and farther from bit axis 30 than closer intermediate row 37. Heel row 47 and inner
row 51 may be conventional and constructed as in the prior art. Preferably, high
density row 49 differs from the prior art in that it has more teeth 32 than the
intermediate row of a comparable prior art bit. Preferably, high density row 49 has
more teeth 32 than farther intermediate row 43 and than closer intermediate row 37 and
its teeth are more closely spaced to each other.

Each tooth 32 of the intermediate rows 37, 43 and 49 has a base 52 where it

joins the supporting metal of the particular cone 27, 29 or 31. In a transverse cross-
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density row 49 differs fromthe prior art in that it
has nore teeth 32 than the 30 internedi ate row of, a

weoonpgae@bi e prior art bit. Preferably, high depst/ug20000s126

49 has nore teeth 32 than farther internediate row 43
and than closer internediate row 37 and its teeth are
nore cl osely spaced to each other. Each tooth 32 of
the internedi ate rows 37 43 and 49 has a base 52

%e\{qgﬁér? Qb ciljgtggﬁxs.gélwﬁ? or t gvlé?po g&l hbb,asg\gztwouqd appear to be

Q@ﬁ?ﬂﬁl&@dﬁﬂg\ﬂﬁ? id&@@&b@&&ﬂeﬁﬁ Eaelc tdotin 3thae aalinh@alide or flank 53

32, where i s the su t|n tal, base 52 woul d
55,8 pufes ook o in e i B QB0 Es delatiie o bif aMs 30 Inner and
ait‘epﬂmﬂ&nm Fnebndersd Fovdadd bash dbher Msth (ﬁip@@:t@édéésa&kbase 52to a

and an outer flank 55 on its inner_and ou
%huategresw ef-atfiy showngnt Figpres2.3each, toathy 33 dgs aoéﬁaérng flank 57 and a

{rhiBnk Snank, 5@50&8’[3@?&%6&%0&’?&@05 agheRdtliRl of reQHl QBROIT ©9, or 31.
edges of base 5 5 blunt crest 54. As shown in

Feasling ard treﬁmlg ﬂ@éqs r573 29 h;aqugt m:itrﬁlgeaf:h atherSiom egpesite edges of
f)éfs@'fii g ?)a%( t 5949 n?}"g Qégl’ggooftr &gni/.gfgeﬁ % d&nm%fudgd angle between

rotati each cone
tea@u'mgiang tfdilamgk flagks SHof cmtﬂl/i@pgei%z iﬂ/\me&:rebiwsubsﬂaanaliy the) same for

91?8?&1' $teﬁ‘g&ﬁ§teq{)ws%%sg3ggd£ g. 3) to crest 54. The

ence I ncl'uded angl e bet ween
I eadl e height I-h(]:'hg i) dfl eaclk ooty 321is mtdet'@bhdsreﬁﬂtml'& the length of a

ﬁ?ef‘é’f CEP%PSUb ant i ag%ﬂinﬁerzgc ng‘;]coésﬁ 5 ﬁeﬂ’ﬁ"%&}’tg‘n g?ghtsHof

euf%cheamh 3eadtthe ﬁﬁzrmedma m\dfs ’geusrbmﬂeaqmé @ulhﬁaﬂtfaelyl theginhe.
(0] a ne extendil nor to se
1t or A0V Eiene O Lo et S of AR SFprbL Y ¢P and an inner

£doke 69qbins e ﬁfnef Bidlei oFHRgHTREHSBY @oWw¥BE  Brbrer 48d dlfbr 4Pooves 61, 63
are ubit antially the same. An outer groove 61 joins

sections offSURPetingdnetpk sxterding gronmd canej HheBase 52 of each

%993@ 0P RidhOddngity hew 498 rsuﬁétﬁi.lﬂxa‘i’lfy B AR Brhedr Yant Qtd Lrooves 61,
| nner and_ outer grooves 61., 63 “are conical sections

6%, thupbeieht Ky forshigh depsisnaew f#oardands Eomethgilevelaefeinger and outer
%roogéscg'l 63a8tchR &%401:'['1@ \ﬂlﬁt@@f‘é&ﬂ#&% (ﬁg 633s referalgli' at least equal

ubstantially Tl dsh W th i nner and outer gro
B3thet heiniven ghickness of dachoatbrdd o?hrgbwlmttﬁwwnel% fihgrmaximum

Enﬁm?h eﬁvt\}1 %){iﬁ{agp gea@%g 53 Hefreend Bﬁ%gﬁ‘% dister f? ng Ss shown in

roove er ab Yy~ at

Feast 3,elq'ahlde2£it3t mw I49 qfwonnﬁmmhrmksies betweeaaoteuneénate row 37 of

%tﬁleojcr Qr{égﬂlte )oﬂz Q%‘ COIQ S9 n%rtﬁgrrqntt o e%kar%(ee ?cfsvr 4§ 1ntermeshes
ance a ase etween I nner ‘and ou

Y3thinb buteAgredwanal Ibetw&rghea} 8w A7 ginddlﬁghldeylsnp\mﬂ/%ﬁbfof cone 31.

ne 3 |nterrresh ernediate ro 7 of .
EBREr e TR0 7 ot vk h TR W Soli¥s Bhrfesp inner row 51
and mgﬁadnsitsaowa éBcont 3. neshes
Leading and trailing flanks 57, 59 of adjacent teeth 32 of high density row 49

intersect or join each other, creating a V-shaped valley between adjoining teeth 32.

There are no circumferentially extending spaces or gaps between where the leading and
trailing flanks 57, 59 .of adjacent teeth 32 of high density row 49 join the supporting
metal of cone 31. Stated another matter, the bases 52 of adjacent teeth 32 in high
density row 49 substantially adjoin each other, without any spaces between. By
contrast, bases 52 of adjacent teeth 32 in intermediate rows 37 and 43 of cones 27 and

29 are circumferentially spaced apart from each other. Intermediate row 37 of cone 27

4
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within outer groove 61 between heel row 47 and high
density row 49 of cone 31. 25 Closer internediate row

w@7Zo07nt@wsaeshes within i nner groove 63 betweenpPCT82007/008126

row 51 and high density row 49 of cone 31. Leadi ng

and trailing flanks 57, 59 of adjacent teeth 32 of

hi gh density row 49 intersect or join each other,

creating a V-shaped val l ey between adjoining teeth 32.

There, are_no cj.rcunf rentl 1y ext nd| ng.space

ks %m@éqﬁl%hzé exiepfig %agg?ea%e%rhw 9 the é?advrrggﬁ%ﬁlgf one tooth

57, ana9 11 traflindC ARhk tBLF &2 adfacBitdfoolie B3 §oinl é’f@pportmg metal.
i?gl n the supporting rret al of cone 31. St at ed anot her

grmediate Few selscae 31 havipa cuer largen siraynierentiphgap between each
ﬂﬁ@ﬁgtﬁ'arﬂ(ow 48d %ﬂ?ﬁf‘ﬁ%ﬁ@)%%ﬂdeﬁt e wieRe ﬂmks 57, T 59 join the

w t hout any spaces bet ween. contrast, bases
suppagingmetebt h 32 in |nterrred| ate rows 37 and 43 of

cones %W@t%ﬂ P32 t}"lé Qi ] %‘%xﬁrtﬁé‘kérfl?l éﬁ; SRECsA Sggﬂ‘%ﬁ?&g‘ 32 to the

from ea ther. Tnternediate row 3 cone
canet/ afxbd SresPCT thdS@U@@dM)@@ﬁR@Zrme}ugh dlenmtynfom dft ithh)P3 is in the

EREE D R R Bt P PR T IR B8l 2y G 25 10 75

peaotit i¥pifchiP dffudoseu pperédigteratvad7. Inl the errﬂmdhﬁéxﬁ shown, pitch P3

43 of cone h a ven | arger .circunferenti a a
Barsrge ey B2 4t sBrekenfSBRchd | i oRke 27 pi 29 afere are more
Rkthndh) Fair intehdedidie rewl hardisn Tloseb InjefrhBdibiterow 37 because the
5upport|n metal. The pitch P3 is the distance fr

Raetenf opneg £9 a3 gaatﬁs&?&rﬂf&ﬁéntﬁ%ﬂa tggow 3 than ﬂef'eﬁxameter of cone

9f at RBbser B%émbidtd @o@dHAC BRbatse Ffthd 2nfiieh P&Bh PBNSL LY though the
row 49. Pitch P3 is in the range from 25

giemegartofong 3l cat hvgh densiby fave A9 indess than al @erfbwnmr ghgone 29 at
?a'i_’thtep 117t§rm&ﬁe{t€ §8lv &5 thklChreRhoRdf teEhP?@ Hi‘%'?'ii ibyafo%v 49 than in

row 37. In the enbodi ment shown, pit
frether mtelmedpﬁt@ EOW 3. aﬂalesnalpen@r@rtpetbfm plmgh: ﬁerrslty roprd9 than closer

dhred g WS‘?%ec%@ {)E tHe! ose?mﬁ ??taﬂd ¢ a%rgﬁt%gg\}ragxfter of cone 31

Internmedi ate row nterne

o gly densitygowdd ithendhe dfanm(me)fmne 87at elanse'rintaﬂrmisdiatdmw 37. The
' a h cone

LAEIALAE: N353 NP0l Ve ATE) 9 iy 890 g Bl amountof
pit¢rotedide roowacii dnh4ﬁ; gleptiitiing dpcanﬁlbehffelfenmqn&hem’lmigmd P3.

densi ess t er .of . cone .

0005 Hah Bliag s & rER% ARl fLellEE 5 45 PRt o Figure 3 to

{Iretrhte3Re interhieghingamghiom & \wi i Inltka'ﬁleﬂ{ht% fowd ’ﬂgrdﬁ and 49. During

i nternme row 43. There a re teeth i.n .

BEHENTY W fersoy nal 49 BOES to piiek RaEckig Gr yildes Of rock formation

b@cmaxuﬁg,et bofwdehahs mggl-él?fspﬁbé&féegﬁwﬂﬂﬂx ﬁ%‘rﬂﬁ%@% fh»’dws t3'r7] and 43. The
net er cone a g ensi w n e

Wi ¥ %4 Op{sH &rorves 1 |63563 ‘ﬁ‘ﬁé efays rd&p?%cﬁmerh gf cuttings

and resist balling in high density row 49.

While the invention has been shown in only one of its forms, it should be
apparent to those skilled in the art that it is not so limited but is susceptible to various
changes without departing from the scope of the invention. For example, although each
cone is shown with only one intermediate row, the invention is applicable to cones that
have more than one intermediate row. In addition, more than one high density row may
be employed. The invention is also applicable to bits having tungsten carbide inserts

pressed into mating holes in the cones, rather than integrally formed metal teeth.
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addi ti onal nunber of teeth 32 in high density row 49
maybe up to twice the anmount of 20 internediate rows

wW@72000120484 dependi ng upon the difference in pipPches2002008126

P2 and P3. Hardfacing 65 is shown schematically on
teeth 32 in the layout of Figure 3 to illustrate the
i ntermeshi ng engagenent of the internediate rows 37,
43 and 49. During operation, high density row 49
hel ps to break up tracking ﬁifﬁ | ] dup of rock
formati on occurring betwee Sm dely spaced teeth
within internmediate rows 37 and 43. The 25 wi de i nner
and outer grooves 61, 63 allow for the sideways

di spl agesEeiMtbdng®it, cbi@sisingnd resi st balling in high
density row 49. Wiile the invention has been shown in

only anelusity tof easeps aghy hayipg at lsast epspantempedigioripys of cutting

Skinkhed in the art that it is not so limted but is

susceptible to various changes without departing from

t he sablsestaine ofetherintermediate Vs axatrlpass onglafibe gpnasdsing a high
i

Fihefip 36, TR Aahbby v P pling Pk FEREFRhE el afifhan a closer

areeofithe ertnmmhchate rowswn phleastdine iof the othereconkgirandne hi gh

denS| nti | s .al

appl i & aeblﬁgw %t){ Po%gl\%ﬁg el%%segpzﬁh (E}laa%b Hl%h oiS the c‘clgser one of the

intergedtite rivwes. mat i ng hol es in the cones, rat her than

integrally forned netal teeth. 5 WO 2007/120494

PCT/ US2007/ 008126 CLAIMS 1. An earth-boring bit,

Z.onpr Thie by acdording toldldish Dfwlepeias, each havi ng at I east

one |nt iate row of cutt 5 el enents;

one ofadthel %%tth% o%&l*s% igly AR FOBES o h‘t‘ substanially
160 RE% e RS aneight BF e cuﬁﬁ‘lgséléﬁ’leﬁt@\ﬁlf tHeQodtr Bhe el ihdermediate rows.
bei ng spaced farther fromthe bit axis than a cl oser

one of the internediate rows on at | east one of the

ot herme%ﬁsaccaaﬂl%mmhgh WigRskty row having a |esser
pitch than a pitc the closer one of the 10

i nt er ged ef @er%\mﬂg olenteRis of the Magodensiy row @idathe closer one of the
Hﬂa’te q@&/E 10 ' hga tﬂaﬂgsﬁlcﬁ gelrll% ngf ;ﬁ‘hkeand gﬂ mcluded angle

enS|ty row has a heig tantia sane as
therehhtwesh; ek cutting el ements of the cl oser one of

t he ' “!l &ﬁgh&f ean e th:(L,5 cﬁttm-lg—h Sle@ehtsa%‘%o{h%' 'nght %ensuy row is

substantlally the same as the included angle of the cutting elements of the closer one of

the intermediate rows.

4. The bit according to claim 1, wherein:

each of the cutting elements of the high density row has a leading flank and
trailing flank; and

the leading flank of at least one cutting element of the high density row

intersects the trailing flank of an adjacent cutting element.

5. The bit according to claim 1, wherein:
the pitch of the high density row is in the range from 25 to 75 percent of the

pitch of the closer one of the intermediate rows.
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each of the cutting elements of the high density row
and the closer one of the internediate rows has a

wo eadiimgoi | ank and a trailing flank and an i ncPombes2007/008126

angl e therebetween; and 20 the included angle of the
cutting elenents of the high density rowis
substantially the sane as the included angle of the
cutting elements of the closer one of the
interpediate rogws. 4. .The hit according to claim1,
Qher eﬁ‘?b%“’%%f@ﬁ’g&f’qaﬁ@ b ¥1er18 el ements of the high

densi hy1ea@VoMAST thel iGREMBAIaled s Sdne lofdhd kHksl dtBEKihan the cone
and the leading flank of at |east gone cutting el enent

entainpethehi FifY "o g lopated fasther Sromhiherhitaiis Hgnithehigh density
Bl A R aalg%ﬂ %remﬂt fhaf tfd SRR thSRigh-dehlify RiW. _

according to claim1l, wherein: the pitch of the high

density rowis in the range from25 to 75 percent of

he i I r .the internedi ate rows.
7t6 WO %‘6?”%"%&%@&%&#@@2‘083‘%&3‘%’%26 6. The bit

accor difaghérconel ofi the intembatige mows onemet oftthe coheg btber than the cone
i nternedi ate,r ows.. on _one of e.copes Qther t.han the,. ]
SBEATE N b RS R e B P e iy B e densiy

fosw;tahér fromthe bit axis than the high density row

and hgs a. pitch.greater than the pitch of .t he, hi
Gonst Ty Fieh datid "SRG R OB sulehemant i, e fiither one of the
wheretininte owsr t her one of the internedi ate rows on one

of the cones other than the cone containing the high
density rowis located farther fromthe bit axis than

g.he hirgb bateRrshlding to@MimaNdvhkPeihne hi gh density row has
nore cutting elenents than the farther one of the

i nt er Agdithgreonegisthe antermgdigfe rowe oy Anerkf the copes piher than the cone
miﬁigg: th& high ddasity Wisqtacatg& fArfef HERCHR IR HAVhaBhOREh density

of t cones ot her” than the cone 15 containing the

tevyandieasst pijchr graatesthan tha ritphiofithebighfdeapity reaviand axi s
than h@hgh?]rggpsﬂow hﬁslr gﬁﬁr@% eftritnt€ lﬂa&r 8R! 8bser one of the

than the pitc t he density row, an
intermediate rows and the farther one of the intermediate rows.

o. The bit according to claim 1, wherein:

inner and outer grooves adjoin inner and outer sides of the high density row;
and

each groove has a width at least equal to a width of the high density row

measured at bases of the cutting elements of the high density row.

10. An earth-boring bit, comprising:

a plurality of cones, each having at least one intermediate row of cutting
elements;

at least one of the intermediate rows on at least one of the cones being a high
density row, the high density row being spaced closer to the bit axis than a farther one
of the intermediate rows on at least one of the other cones; and

the high density row having more cutting elements than the farther one of the

intermediate rows.
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the high density row has nore cutting elements than
the closer one of the internediate rows and the

wo asorhers9one of the internediate rows. 20 9. TheTH812007/008126

according to claim1, wherein: inner and outer grooves
adjoin inner and outer sides of the high density row

and each groove has a wdth at |east equal to a wdth
of the hi gh density row neasured at bases of the

tti ement he hi density row. 25 10. An
g rthq%’ﬁ?”tr?g’cﬁf ng{?oﬁt‘\"ﬁ £¢ S(Eheramm urality of cones,
each Rkas 8f Rl cUt@as Eleiefts ¥t BEMREH atn@slfyofwwﬁaéwh&ﬂgﬁgsubstanuauy
el enents; at |east one of the internediate rows on at

theasameops ther height efothecutiing glementyat throfagidss ppg of dg intermediate
th&s. high density row being spaced closer to the bit

axis than a farther one of the internediate rows on

at | east one of the other cones; and the high density

if’W hay,l g JRG tdl than the farther one
of the el nterrrlg1 {oe ‘rrﬁ%hv\g6 ; %32007/ 120494

PCT/ US2€03f ﬂ@&mt&mg élememiseofithe higlc denditygowoans] the fartifsr one of the
%@S’Eﬁ:’df&te %@&}% IQJS Lrl@acﬁé‘é tﬂarﬁgsgcﬁ g.eg-%tﬁm%f %\h‘(g alr'ﬂigﬂl included angle

ensi t as a herg safne as
mhs%hewgmmand the cutting el enents of the farther one

of the int I at JFOus. 12. The bit cordln ta .
ol ai it InGREEE e, STt B GlePont® e R LRy row is
klilghmﬁaﬂy Itliqlsahmlﬂsahd itdhRledaihklasf the euttihgtel@nents of the farther one of
i,nternediate rows has a leading flank and a trailing
thedniermn aﬁﬁ”“ﬁcluded angl e therebetween; and 10 the

i ncluded angle of the cutting elenents of the high

density rowis substantlally the sane as the included

Lgl e ToF titacceiding oFlamelyivRerein: t he farther one of

t1 ge mﬁ&{ BE@hALQHRL Wements of M6e Righ 8&HRYFoNOhdOa Baidp flank and
ereln:
traxlmg flank; and
the leading flank of at least one cuiting element intersects the trailing flank of .

an adjacent cutting element without any circumferential gap therebetween.

14. The bit according to claim 10, wherein

at least one of the intermediate rows on one of the cones other than the cone
containing the high density row is located closer to the bit axis than the high density
row and has a pitch greater than a pitch of the high density row.

15. An earth-boring bit, comprising:

three rotatable cones, each having a nose area and a gage area with a heel row
of cutting elements adjacent the gage area;

a farther intermediate row of cutting elements between the heel row and the
nose area on at least one of the cones;

a closer intermediate row of cutting elements between the heel row and the nose
area on another one of the cones and located closer to an axis of rotation of the bit than
the farther intermediate row;

a high density row of cutting elements located between the heel row and the

nose area of still another of the cones, the high density row being located closer to the

8
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15 each of the cutting elenents of the high density

row has a leading flank and trailing flank; and the
woeadiingod | ank of at | east one cutting el ementPCT/US2007/008126

intersects the trailing flank of an adjacent cutting

el ement without any circunferential gap therebetween.

20 14. The bit according to claim 10, wherein at | east

one of the internediate rows on one of the cones ot her

than.the.co n he, h| nsi t WIS
PRt teiigroaee B oin e fardser oleribatein i inh BiEeR ficyn the axis of
foitioartd thebit thapl the blogéiatedmelliatrod; anhich of the high

row., 25 15. eart h-borjng_ bit

densi np[i sj ng: . X

t hr ee%o‘%‘&}l‘ éiﬁ?sétycr(?ﬁ’e@;"”é% BIPTR SYitRg Sletagits ﬂ}%“ége &Jr?agfamte“ned‘ate
19%0ehPthe Farthdrinterh&BhterOW. Of cutting el enments

adj acent the gage area; a farther internedi ate row of

cutting el ements between the heel row and the nose

7.2 9He 8t a'c@&%IngQ?%lé}& 19)SvHeplRS; 30 a closer

Intermedi ate row of cutting el ements between the heel )
row aearht fgting stementeaf b fartbehinterorediaté rowe theoeloseramtermediate

toﬁé%& ‘il?eﬁh%%ﬁ? Léx ; By ﬁ?ée 3 rbg%:ﬁ &zgé ff ﬁo”résoiugﬁnpﬁm? &xet 8f'the cone, a

aedttat itg tip] embn h&ghﬂmaasadecbﬁrbmba ba#eeto hhetresto andan d t he

ggzgi ﬁ'{?et?eé%fxt% acl’r g{ hertt&ﬁ?%g gs (?tﬁtgxe ftﬁ%mt%rmedlate row, the
A OEr Ardt2fid &t ate Cow dBd Ahe’ h@ﬁ&tbﬂﬁtyamws aefsubsihmidllyrthesarhéle

bit than the farther internediate row and farther from

the axis of rotation of the bit than the cl oser

1Nt er Tadbatacsrditg rthifnhEs, Mi@eiensi ty row having more
internedj ate . row

cutting_elenents than the clo
the fSPihaptting elemsdl é’tfe?’FoLk‘.gi’Sdi’Bm TRV pRas Ackasea are it joins
$uppBHAsNndRl otRIRS BbAE aRP& hickhdss MBeRhRABYwEn 4dButer side and an

farther internediate row, the closer internediate

inpey, sideaf teeuttingreleraprtiat the Ragerand a base where it
] 0i NSiFIPRAA RS B8Rl RjoitNBnGORRE ofiter §1d8S bf #e high den31ty row,

tip, and a height measured fromthe base to the crest
eash ofghe ErooNes hawing afwidthcat ledst eqeal dothe thickapssmfieash of the cutting

élgﬁeﬂt@gtf@,ﬁghlﬁgtdﬁﬁsggﬁﬂsa;e row, the closer internediate

row an Ity row are substantially the
sane.
18. The bit according to claim 15, wherein:

each of the cutting elements of the closer intermediate row, the farther
intermediate row, and the high density row has a leading flank and a trailing flank and
an included angle therebetween; and

the included angle of the cutting elements of the high density row is
substantially the same as the included angle of the cutting elements of the closer and

farther intermediate rows.

19. The bit according to claim 15, wherein:

each of the cutting elements of the high density row has a leading flank and a
trailing flank; and

the leading flank and trailing flanks of adjacent cutting elements of the high

density row join each other without any circumferential gaps therebetween.



17. The bit according to claim15, wherein: each

cutting elenent of the high density row has a base
wok@ra2i4b4 j oi ns 15 supporting netal of the coPeT/aRmOA008126

t hi ckness neasured between an outer side and an inner

side of the cutting elenent at the base; and inner and

outer grooves adjoin inner and outer sides of the high

density row, each of the grooves having a wi dth at

ast | to.the thic s§ of. each of the cutting
A e APE oct ik AN E SPRE0 20 18, The bi
accor ehenfighadenkity Mo Shaswh emaller pieclc betofeeh s autihg elpments than a

el enents of the clgser internmediate. raw, the farther
Pitahee e closer iptsmediate TP @wt‘a’eﬁ@"ﬁ %Wfﬁag“ 1ate row.

| eading flank and a trailing flank and an included
angl e therebetween; and 25 the included angle of the
cutting elenments of the high density rowis
substantially the sane as the included angle of the
cutting elenments of the closer and farther
internmedi ate rows. 19. The bit according to claim15,
wherein: 30 each of the cutting elenents of the high
density row has a leading flank and a trailing flank;
and the leading flank and trailing flanks of adjacent
cutting elenents of the high density row join each

ot her without any circunferential gaps therebetween. 9
WD 2007/ 120494 PCT/ US2007/ 008126 20. The bit
according to claim14, wherein: the high density row
has a smaller pitch between its cutting el enents than
a pitch of the closer internmediate row and a pitch of
the farther internediate row. 10
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