ROLLING CONE DRILL BIT HAVING CUTTER ELEMENTS
POSITIONED IN A PLURALITY OF DIFFERING RADIAL POSITIONS
BACKGROUND OF THE TECHNOLOGY [00031 The invention relates
generally to earth-boring bits used to drill a borehole for the ultimate
recovery of oil, gas or minerals. More particularly, the invention relates to
rolling cone rock bits and to an improved cutting structure for such bits.
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An earth-boring drill bit is typically mounted on the lower end of a drill

string and is rotated by rotating the drill string at the surface or by

actuation of downhole motors or turbines, or by both methods. With

weight applied to the drill string, the rotating drill bit engages the earthen

formation and proceeds to form a borehole along a predetermined path

toward a target zone. The borehole thus created will have a diameter

generally. equal to the diameter or "gage” of the drill bit. 20005] An

earth-boring bit in common use today includes one or more rotatable

cutters that perform their cutting function due to the rolling movement of

the cutters acting against the formation material. The cutters roll and slide

upon the bottom of the borehole as the bit is rotated, the cutters thereby

engaging and disintBgvakaiR tieNoroalibis madafadinipath. The
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therefore sometimes referred to as rolling cones or rolling cone cutters.
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e Ee S R e

[0004]e ks rsthcblosinr dnliirigitheptsatiersowniti enpherlivgrofdtferdeiltmentsind is rotated by

rotatir%%@rdﬁlﬁ@lﬁﬂﬁsa@rﬁfg%@%roﬁvﬁgtﬁx{?&? 3011!“585&:?11_‘29,%?61095 %r\/ﬁ%inlggrgr by both

material, suchas tungsten carbide, that are press fit into undersized )
methodse il Tk 8PRHF e ReEE! sBinge SR Roiaiing dritlinis aneagss dreowitenifemation and
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tungsten carbide inserts are typically referred to,as "TCI" bits. ot 'insert"
e e S e BB b D enoin
[0005]5 A parth tberth obtis inl posabninstandey, idudertens loelere mtsa@hltharetatinag perform

their &%@%Eﬁ% 4R thedo Fmﬁﬁ@ﬂi&%ﬁﬂéﬂﬂ tha.p %Wt@rg r&:@ﬂ%%?é(n?sﬁﬂ@‘&g%‘?a%ﬂ material.

of gouging and scraping or chipping and crushing. 10007] In oil and gas

The cytifing ¢ SEE BRI SBGRRISID TSR tigh, BRdisiprofisdional eters thereby
engagihg atenttmetbtime; itHakem i drithie-thedesised depthanddiecation. fifiebe described
ted by the number of

cutters. The borehole is formed as the action of the rotary cones remove chips of formation material
which are carried upward and out of the borehole by drilling fluid which is pumped downwardly
through the dril} pipe and out of the bit.

10006] The earth disintegrating action of the rolling cone cutters is enhanced by providing the cutters
with a plurality of cutter elements. Cutter elements are generally of two types: inserts formed of a very
hard material, such as tungsten carbide, that are press fit into undersized apertures in the cone surface;
or teeth that are milled, cast or otherwise integrally formed from the material of the rolling cone. Bits
having tungsten carbide inserts are typically referred to as "TCI" bits or "insert" bits, while those

having teeth formed from the cone material are known as "steel tooth bits." In each instance, the cutter
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targeted formation. This is the case because each time the bit is changed,

the entire string of drill pipe, which may be miles long, must be retrieved

from the borehole, section by section. Once the drill string has been

retrieved and the new bit installed, the bit must be lowered to the bottom

of the borehole on the drill string, which again must be constructed

section by section. As is thus obvious, this process, known as a "trip" of
elentBRsHilllIPGFEQUNES GRAFIGCIRDISHINRNSH AN SRENShole bﬁ 2 combination of

Accordingly, it is always desirable to employ drill bits which will drill faster

U A A &P R N RS A G SH5NGver a wider range of formation
[osohartnesand0f0 8} Mie: | engthsobiiamiithak dateH it inay-bri gMple Ve §roportional o the
e i be ch d depend on.its rate of penetration ("ROP), .
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targGEICALIRIRE SHRCRIRQha RRMIGHIREDIEsI8;: 100031 xRssigtd Réring of dril} pipe,

.maintaining the gage of a borehole, conventional rolling cone bits typically

thgﬂms&e TP ESAPPaPP i B THURAE BRFEH h e B RS 5 eﬁfeﬂﬁﬁ& drill string

has bamegtittexsarkhibdest sirfacallislahgeherallytsustecanicahsviase angldSorehole on
igured a sitioned sq as.to_generally align with and ream the .
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knowpatct e potehdidl Wenevwhthies|ivirriderdto Hinand Huisagé mepeie mischdingly, it is

atwdleseripamkas SHANNGHDrIRAMING e katehale: sidawall. The BeelinsetiSibie over a

functionéprimar,ily to maintain a constant gage and secondarily to prevent

widef rangs OLIOFMANANBATEESH of the heel surface of the rolling cone.
[%ﬂﬁxc%ssmgﬂueﬁﬁm_é thet hdﬁfliibﬁeﬁ@ ieadsployanbefifiergage botahalel depends upon its

" %@ rggé&qnﬁ LpRcreas loadi .th_e ther cutter elements on.the bit
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UPORIG OO AT CBpRIBhHERRS! bitsiatal iypiod| Fifcludetioneanr mbes tows oficcess of a
part@a@esiiter.elements. Gage cutter elements are mounted adjacent to the

heei surface but orientated and sijzed in such a manner so as to cut the

1000g]

8ATHTHE HEPLAIBIRS FsRmeDAehRatidAlc ey ABRo R T BB futs typically employ

a hegeneraifjhaxemegliracd-to cuthdhbibl thetherehtlebitigrooan disieleWetk ddaesurface is a
f cutter-elements._engage, the horehole bottom, .
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the siggyiliottbpbertielsasths digetirsudaednsemsie thsfheaitiched soweasighe borehole wall

witCytigplements that aie leeataghy ondhecanesiRd s diznesed rafialy te borehole
. I f:e%m the gage row. T,hes_? cutter elements are sized and .
side oSG E BBFRA GRS S et darty o prevent the

erosehesuribddhasninfgrrow cutfer 7f dlemdnis @nd, EswsgdeRereinf tihayebiEinserts leads to
an Slgserbedhas hotipmbale qte rgﬁé%%s&ﬁag%g&*an%é%&%e%e JOENded 10 she bit, and

penétrate and remove formation material by gouging and fracturing

mayaiRgRShRRtEFEE SHth BeRyingsoReatbinatihinisadsnbEfaidirelements are
[oo1belatbpiabniangesiantkshafieanthantiese YRI6ANbws of gage cutter elements. Gage cutter

elements are mounted adjacent to the heel surface but orientated and sized in such a manner so as to cut
the corner of the borehole. In this orientation, the gage cutter elements generally are required to cut
both the borehole bottom and sidewall. The lower surface of the gage cutter elements engage the
borehole bottom, while the radially outermost surface scrapes the sidewall of the borehole.

joo11] Conventional bits also inciude a number of additional rows of cutier elements that are located
on the cones in rows disposed radially inward from the gage row. These cutter elements are sized and

configured for cutting the bottom of the borehole and are typically described as inner row cutter
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employed in the gage row or the heel row where the inserts ream the
sidewall of the borehole via a scraping or shearing action. [0012] A
condition detrimental to efficient and economical drilling is known as
“"tracking."” Tracking occurs when the inserts or cutting teeth of a cone
cutter fall into the same depressions or indentations that were made by
the bit during a previous revolution. Because the cutter elements

elemePENAUALE iINNQ aRrdndentationdetenieusly formedokatheethasmpakingweh cutters are

) fresh indentation that is .offset from. prior indentations,.the disinte rgtion .
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many ciibrattemeamsrfrom futtyr aaleefficienthy pévedyrategramd dleepryabinghpee typically

emplogngQf?Q éggét%-@l(ﬁttm%e@m:wgl@%pgg}glﬁaﬁy{ﬁ@%ﬁdéﬁkm@%ehole via a

fesults in a pattern of ridges and valleys, known as "rock teeth" or "rock
scrapifp 8T shFiRE FHRBmM of the borehole. These ridges of uncut formation may

lo0121CoNtaBkhe eanesiaekastlitend o redistiulelthienyeight-on-bit framitfe Tracking

relatively sharp cr f th r el n . B
OCCU.I'SeW gll‘; %%hfnsgng C():%' %S‘;[‘E?no tg% ((%ygef: 1’1% %fj}'{gr %&%ﬂt?n (I;] %%g%g%%répgoggg? mdentations
cutteérs, thereby reducing the total force acting on the cutter elements an

that werakindeibmbeebdifficing fopthéosutteptleme Bisstosedhelsutier alsoimis pRogirate into an
indenmﬁ)p%%lgwhﬁ)%@yﬁthgm UsmirRAGKIRG slevishtheadhiling RERcassRE from prior

. makes it moré costly. [0013] The contact between the cone steel and the
indeniatigess B GHETEFGTFARAGHOEE BREFTELSIEFNERT & iRRiFG B oyimipitidng prevents
the cfieep peneiradio fuof thel efiieseie ranisihuhim aystaackincdhntagrattheaterial at the
b tt‘ Coo?eixgalg]oge I‘(l)'?eC(%I?u(‘athte):re atrrzls,g %’6 %Rgrll‘] rg % sau(*x:J g r%gymocf Ha l%g%fal‘éj %gllte@g O&n as "rock
oo IS echmes more direc y exposed to sigﬁl icant impact or transiént
testh'loadowhibh mayhehdttocefibe smehedsu b seaidasd o unsarifagiaiioranay contact the

cone HAHS{FARKINGISKRAMRLLO SETOUSY-INRRIGNG BRNRILANRR raley|ifea0ds the cutter
performance of an earth boring bit. [0014],|ncreas%g ROP while

elemapis ot ME5B O6 Rt £hbohit Ry Frdre st W deatrerthififer g futter slements

and niakparianiogosifiivoreertie deeretseeaillingdinoantieceier il baisien oif the valleys.
nd.gas more economically. Decreasing the likelihood of bit tracking

s R T e s o 00t RSty there remains a

[0013heBlt incthestabeforea diril witasidetatindsdessd unattdatsatnrdyeden result from

trackgg%itrlglﬁﬂrﬁﬁe&sy@!ﬁg AL NGERASS ARG anchippiage dilledeahdamage to the cone
eliminate other detrimental effects. SUMMARY OF THE PREFERRED '

and ENIPIO PIAVIESN TR FHGRBIAT RSN BT fansiSTe arABtmAgnEgtctly sxposed

w sigiidmeenipan, o difibiit foadlriingithrough earthenriemaatiosepund torheimg failure.

Thus?trggg%g%%g rrrll%l %g?oaspltinqggy tgg V%:?agtratglt %D%S ﬁ%@ aaxx%déglqgr‘ntgxgcg gf %1 earth boring
comprises a plurality of cone cutters, each of thé cone cutters being

bit. mounted on the bit body and adapted for rotation about a different cone

[0014PXiScEAENERCARGRIRORE: SUHE O NS RILCOMRLISES & fikefease the footage drilled is an
important goal in order to decrease drilling time and recover valuable oil and gas more economically.
Decreasing the likelihood of bit tracking would further that desirable goal.

[0015] Accordingly, there remains a need in the art for a drill bit and cutting structure that tends to

reduce tracking so as to vield an increase in ROP and footage drilied, and eliminate other detrimental

effects.

SUMMARY OF THE PREFERRED EMBODIMENTS
[0016] In accordance with at least one embodiment of the invention, a drill bit for drilling through

earthen formations and forming a borehole comprises a bit body having a bit axis. In addition, the bit
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array of cutter elements mounted in a first band and a second array of
cutter elements mounted in a second band that is axially spaced apart
from the first band relative to the cone axis. Moreover, the cutter
elements in each array are mounted in a plurality of differing radial
positions relative to the bit axis. 100171 In accordance with other
embodiments of the invention, a drill bit comprises a bit body having a bit

compried$ o/ piaddiaN. dhe Rilempiisesraloling cang CYHRE MeuRdANibeRitody and
ted for_rotation about a cone axis. Further, the bit

body and ad : )
o B A1 T SENei Ero et R PASHENEN GF liteAgrss 2 s
array rddigtepasitens withined bandentihe eahe eribed, mhereiveaehkieier mounted in a
seconc? '@JR&H&?E&%&& ape%sa%agt'%%tg{e %r%te Qgﬁ%l r%i(a! IVéa podt (.:rgnset a%xtsm Moreover, the

further, the cutter elements of the array form a cutting pro ife When
cutter BRI ISHER Prameuiteieniiekivth gififonieredimi oesitiopinehitieso the bit
axis. at least two cutter elements spaced apart by a distance measured

between Jhe axe o&the 0, cutter elements at crest of the two cutter .
0017 B TSRS Y4 A TSSO B e EIBIER B b BIRHER iRy Paving
a bit athe bresiitk@Odd bincaspdscancdliniih@nether exmbodime tiedfithedy and adapted for
romtidﬂ\éggﬁ{%oﬂedﬂisblfim E#?eelﬁt%aﬁ p@%y aQ %}%5‘59 %E&eza %:(Ilesm&larilltéadm%litxlnotgd gg% plurality

_bit comprises a plurality of cone cutters. Eac of the Gone cutters 1s

of differtigriust! sraHenit BB SR IateeP RS TRt Bh b waeh difiaretieooneof the aray

has a axindaRddRehudesa) dnternesh sagiamnd UHbeL-eA0REONEe SUHELICIHERS, cutting
at least one array of ckjtter elements mounted in a’(ﬁfl‘«,uﬁr\%”ty of differing

Profilg Setel SOEIfoNL et BER INHHE Tt iHEaHE RIgRIR SHI B e S east two
cutter ellemant kresamrextépsichsteighhcihecd itter elethente ot achtanrayfaralements at

crest & Qllrgt% Q\ER&'%I‘Q{HSHJ T’:ﬁt daﬂ%?is? %%:’5% tgftlea&%ngtgzrtgF gh;[/hgx grttsa[:mem within the

elements mounted on the plurality of cones form a composite cutting
artay.profile when the plurality of cones are rotated into a single plane, the

[0018CARAREHRRUtING Riafile dntudingnpe ti{&tﬁ_fw&%h{%mﬂbg@%?f%ra th&ody having
A bit ag:{tljsttlgl? Q&%}clle fee%ch arra% in the %mfgosne cutting_profile at least )

Dartially ov@ﬂ'a%s TS SRR CETOHRET ArPa) BrinG oSkt is mounted
on th%bhéommtmefox:mwapasiab@uaid@f@mfi_kmisacalx@sleseﬁinﬂhrcwitgmi‘ntennesh region.
Purthé}ygggg ggﬁgsedﬁgeﬁ%ﬂl@eécg %ﬁq{n&]g %&W'B‘%‘”&LHP& é’l‘gr%% gsxahloaengégnmo%t?)ﬁ}rality of

..._composite cutting profile has a depth less than 75% of the extension '
differipgigid et tamalentend in dhe inEmadsFerigion sraiecedimpdsielement has an
extengoiitingeprofiige 001 AUetnpccrrdancewitoanotheifmeatiment:obthed into a single

ane inﬁ/uertq}égnthgcdtfitll bi{ co%)rises a bit hlgd lhﬂi}/ir)r% a bit axis. In addition, the -
PR S S LT SSEFRUG IO QB EAYS ROEME LB th&BIPEBt, WHge profile
when Mmdmm{mmmmboum dhffesemtgio pb@;imewhm;@iﬂteauhim@pﬂ)ﬁmtiecluding an
interniBg] lﬂggénafs{m?ﬁmﬁﬁmfé‘i‘&h&{h% Grytiesy 1he, it com e sﬂg@yﬁ?ﬂ‘%‘g%é%fe at least

elements mounted in a plurality of differing radial positions within a ban

Partiailys FERERIntHe fAteftiian PERSiSh Bf BIEhebIRFgYCERe e LAtCheram eblsneover, the
comp@iiftesualameintilé includes a plurality of cutting voids, wherein each cutting void within the

intermesh region of the composite cutting profile has a depth less than 75% of the extension height of
any cutter element in the intermesh region of the composite cutting profile.

[0019] In accordance with another embodiment of the invention, a drill bit comprises a bit body having
a bit axis. In addition, the bit comprises at least two roliing cone cutters mounted on the bit body and
adapted for rotation about a different cone axis, wherein each cone cutter includes an intermesh region.
Further, the bit comprises an array of cutter elements mounted in a plurality of differing radial positions

within a band disposed in the intermesh region of one rolling cone cutter, wherein each cutter element
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within the array has a central axis. Still further, the cutter elements of the
array form a cutting profile when rotated into a single plane that includes
at least two cutter elements having skewed axes relative to one another.
100201 In accordance with still another embodiment of the invention, a
drill bit comprises a bit body having a bit axis. In addition, the bit
comprises a plurality of rolling cone cutters mounted on the bit body and

w;th;rﬁﬁt@@&?ﬂ ok rotatien §9§)U§§1 cfgrenhrona s uhe & %@@FIQ)P% g"&iﬁ{ng profile

includes an mtermesh region. Further, the bit comprises a first array of
when gotgie BT AR PRV Pl SER ATiloASH CURRHSE S aRN h BaTiRshEk i rigs relative

to oncbmnthaisposed in the intermesh region of a first cone cutter, wherein the
cuytter nts.of the first array, for. a cuttj rofile. Whenr t ted |n
0020]S4H
! smg Ccofeg%ré% ;&tﬁ%fu{:@er e BY %d(;”rrﬁenr%ljsﬁggp p ura‘il?y oaf gr elen ﬁ‘f‘g  bit body
ha"*“ﬁrﬁ)@ﬂﬁf’é‘@ |n1ﬁ1@qﬁ&ﬁéﬁnﬁb%hl?égm1@$eﬁ3@éﬁ@hdf obmneli mat@mdhattmmcamted on the bit

body GH¥lingpEafile-WbenFotAed NG GRIpOlRlang EaARh-GUUgelomentNas hciudes an

an extension height. Further, the cutter elements mounted on the p Iurarni/
intermssh SHACRL PSR MeaPEGIHBBISHS R (HEh & pYHI SR eter Bl bteF O e ridurality of
differipigtted il qv&mﬁﬁedth]ﬁmasﬂiﬁl@l@apk&cﬁl@tﬂﬁhﬂﬁ@ﬂﬂdﬂﬁr@é’idﬁ\tﬁfﬁrﬁ%hctﬁ%@ﬁa wherein

the culliS: fe%mg %yﬁretf ihe first affaﬁlggfe flé erglements at 'east?%gga?a% Still further,

‘overlaps with the cuttin profile She CORISE dreriah
the bilseosapTepeschidl ks OrHer chmpusitecstitihiy Profilsmivdregier oftrsecond cone cutter

that fSMPESHBLUHING RIfiledpglvdes a %ﬁg‘ﬁ%}éﬁ’ﬁg bepweam P IR G R Afil€xtension

of the first array of cutter elements and the cuttlng profile of the at least

neighty JBlitel S B SR EE BOUBI B L 15t s BlIRy OB apRomRpSite cuting
profil¢hebenttingphnafile of theditstiarayabeustemelemanik. flhe cuitingeiaie Hastermesh

reglcnfrjl dﬁr@'&ﬂ&ﬁ?ﬁr&?‘?&”oﬁh%%kﬁha‘?n%te? qutt?etn g l:nféﬁgtter Slﬁmcgfg}'laps with the

the intermesh region e composite cu{tl
cutting peofilapice Wwath wgﬁ@hﬂﬁmﬁﬁ@m@m@dmnmmmmﬂ bitaprsiprisegng profile.

More@v&tf BOdyhmingo il sisielhadaitiqn. the (%WB%QW&'EE%}% Fling SRR of the first
tter m;i unted on the bit body and adapted for rotation about a cone

array G g, RGN 0. S SRR P el E1E EbISH SEs A Sy o B figsond cone tha
at lastysieiabutteerdlpnvaritshmoutibe hiofde firsthadinek analyeos ee@iaianiayof The cuting void

has a 5’9&&?5‘% QQJ%QHQ?‘%? r&tt%n@ dyr eel §t|tlgfa ansecggrde e%rel:gttzl‘ﬁ]ﬁ Xlal%ﬁ region of the

spaced apart from st ban Ve 0 The cone axis. Moreover
compeBiRE iR PESfprises a total number X of bottom hole cutter elements

[0821}DQ§|£|@6€&1I§66\6\ ﬂfff&fﬁﬁfem@h&ﬁ§ﬁﬂﬂ§’1Wg%§ltréedfﬁpﬁtcgo}§1}595>és'§ B body having
escribed herein thus comprise a

A bit ax t[() ég tLD mbodlments
S B b RS PR B R P Rg Gage BB S B B Ry and adapted for
rotatighgreobmings assodiatbel with cartaintpriar tewaesnihieadariins array of bottom hole

cuﬁer%ﬁmﬁmmadﬁsgﬁg@gaﬁ?%xaea @&W%"a%gyothgot{g%f Sl e fe%d Wounted in a

apparent to those skilled in the art upon reading the tollowing j détaied

Seconélé?éeﬁﬁ%ﬂﬁﬁowa@ pRE eBEnIsEHhtehn, band tsjarefelvifly wonghexis. Moreover, the
cone ARRO DN AFAVIIEDer X of botiom hole cutter elements positioned in Y different radial

positions, where the ratio of Y to X is at least 0.20.

[0622} Embodiments described herein thus comprise a combination of features and advantages
intended to address various shortcomings associated with certain prior devices. The various
characteristics described above, as well as other features, will be readily apparent to those skilled in the
art upon reading the following detailed description of the preferred embodiments, and by referring to

the accompanying drawings.



5 BRIEF DESCRIPTION OF THE DRAWINGS 100231 For a more
detailed description of the preferred embodiment of the present invention,
reference will now be made to the accompanying drawings, wherein:
[0024] Figure 1 is a perspective view of an embodiment of an earth-boring
bit made in accordance with the principles described herein; [0025]
Figure 2 is a partial section view taken through one leg and one rolling

cone cutter of the BitrshowndriFiawe &rPAREbEIOVIREA is a front
evation vi %mé%f ogpe of the cone cu ters of the bit shown in Figure 1;

0023 [ G238 TR B MEEE a?&éw&amhw?@m/&mm reference
will nom&ﬁdaguﬂ&%dmﬁaﬁﬁhgmMgteMﬁmmg in rotated profile, the

cgt flles Ier elemen sed in one cutter how
| [0_924] gure %A %%%&]t?lg%éﬁe % is gnbgé)r(gﬁgeqnéfgeé sC (Eéma‘ﬁcg 11;[/|ew ¢ decordance
with @%Weﬁﬁwﬁéﬂ}ﬁf@me the cutting profiles of selected cutter elements

joo2s] dispesediin.tha-fone-auttelshawen lmﬁ%w@n% QQ@%LE}QH{ 46niS @tter of the bit

" partjal schematic view of Figure 4A, illustrating the plurality o dlfferlng
showny g figusdsitions of cutter elements of the cone cutter shown in Figure 3A;
[6626] 1BBk] FigueeiibA ideadiont levdbon ofiew whanotharcdiibsictpe ciiteisaf 1

o 5l SRR, TR & [ZUER 57 8 o yow o he cone cuter

own in Flgu 5A; [0033] Figure 6 1s a sc atic view showing, in
[0028] (Jtigtae] Hrofle, %P@@a%ﬁnﬁngéﬁré@m tﬁ@r@@tﬁér petEindhescdispp seefilstiof the cutter

elemez&@@@lﬂd&?fn ghew: a4 [98345kRIgure 7A is a front elevation view
one of another of the cone cutters aof the bit shown in Figure 1; [0035]

10251 EEAGHE 9B 13 SRB BRI BRI 8 SRS ERRd DD [@d@%fumng profiles
of selebligurett8ridarsoheinpticd/iethstowingeinotat@digofie Athe cutting profiles

[0030] o% gﬁ'c%% é%%ﬁ@ Qnsdpg%?eqwlgft?e % %CH%‘S&aﬁl{}PV{,}Q mlura% f7 @ Frmg radial

Flgure IS a SC ematic represen tatloﬁ snowing a Cross-s ctlona
posrtm@mﬁ Bimcimmedsefithy cconestastsepipdhgwnin:Figure 1; [0038] Figure

(0031} 18ii82 PArtial vigveRROYINGRchamatcalbirNeie fakatedroflestiien in Figure 1;
0032 ?!Itl ﬁ%gﬁoflles of allo i he cutter ele ents of the three cone cutters of the

IWh'TR G 1= 5mf ﬁﬁ’@tﬁbﬁ Rure HgY€ Abartial enlarged
10033) sEhsmeatiosviewisinotiingiein sotatad. pirofitest el epanfitinghprofilbs: ofrddtectédhe cutter

_ e1emeﬁéc‘éﬁ%5%§m§ﬁ¥é&B@&&Q{?ﬁo&ﬂ%}%ﬁb&%@:&f the drill bit shown in Figure 1.

16034] Figure 7A is a front elevation view of one of another of the cone cutiers of the bit shown in
Figure 1; '

[0035] Figure 7B is a top view of the cone cutter shown in Figure 7A;

[6036] Figure 8 is a schematic view showing, in rotated profile, the cutting profiles of the cutter
elements disposed in the cone cutter shown in Figure 7A,;

[0037] Figure 9 is a schematic representation showing a cross-sectional view of the three rolling cones
of the bit shown in Figure 1,

[0038] Figure 10 is a partial view showing, schematically and in rotated profile, the cutting profiles of
all of the cutter elements of the three cone cutters of the drill bit shown in Figure 1; and

[0039] Figure 11 is a partial enlarged schematic view showing, in rotated profile, the cutting profiles of

selected cutter elements of the three cone cutters of the drill bit shown in Figure 1.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00401 The following discussion is directed to various exemplary
- embodiments of the present invention. Although one or more of these

embodiments may be preferred, the embodiments disclosed should not

be interpreted, or otherwise used, as limiting the scope of the disclosure,

including the claims. In addition, one skilled in the art will understand that

the followinouaiespriptisnripsioroas ARplisationr ARG thamstigsnssiensof any

e bo%i) ent is meant only tg be exemplary of that embodiment, and not
00401108 355 L8 BERITTR toTHEEER o (R OHSC/OSIRB T GRRRARG e gt Presen
mventistdimiiddtgitihat @mbodifitbate [PURE]Geartaikicrms deeradséd tmbodihents disclosed
shoulcm%tf ‘%Jé%! rg[%&C HP%@E&%%% %@eﬁ?%st?i&ﬁ{%rcrt%g %I&t(%gl f t %aé%@gs&% including the

components. As one skilled in the art will appreciate, different persons
claimyndy perifion thes Seifed fadhsrarordbmseriemdolialithsrérliavansedespiipgon has broad

applic@Q& BRNhEaRsRabINe A, tMIStIREHISDREINVRRR CUPRAIRNES QK fBRI YIRS diment,
that diggé in name but n tfunctio%.th  drawing figures are not
[

06 PSRRI 13 SECE T EHaP REARLIS HaoCBipBREARSHEFEiH ity pmited to tha

embodhewin exaggerated in scale or in somewhat schematic form and some

oo : nat o |
(0038] a%a%a@{em%@9&!{9&%&%@9&%}}%}%%5&& ?aéb&g{aom Aﬁé%ﬁ?ﬁgiﬁcr%ﬁ% particular

conciseness. [00391 Tn the g discussion and in the claims,
featuren On SAMBOMARTU dlifvly 2 e s Fisi g wie anseeriaie-ofi (Gpen -aweey may refer to the
same faghionr anapdidaishouteRa: inteRretad W AmsRR: dBSluding:RutNekliRied between

to....," Also, the term couple” or "couples” is intended to mean either an .
compifiiact 3 Mraat SoN BT Tt B FHET e B oL EE QB ey
scale. d€viten thratuioonnectionpmeytbedhiougly deditectcormngetion or sthfougaomewhat

schenifwé rech.GRRNeGHonN.via afer devices @}Qge% NRECURNS. %%9\%91@%@{93?% clarity and

first to Figure 1, an earth-boring bit 10 is shown'to include a central axis |
CONCISEREAY a bit body 12 having a threaded section 13 at its upper end that is

o039jadapedbiRfaacUriag:ihn Ridte & Hibﬁeiémg eeﬁﬁssnmmn@ita%@ ‘%@ﬁlﬁr]icsing" are used
. predetermiped gage diameter as define the outermost reaches of, | .
i a0 (OB gl BEATAFS T8 bt BFRR T A 5'SHoViR Y g E5\WIRERS -

Also, dreteotatablyirionlitethbtn beanngedaftsdhaitseperncdiremothirbit bodyclidn. Thus,

ifa ﬁ%'ttm %8&&1&%’25‘@%%‘8&9%@%?@ ﬁﬁ?@gﬁ%ﬂgﬁdgﬁa}%gﬂ% Sy %E}Qé’%’ Qcmnectiom or
Figure 1) that are welded together to form bit body 12. Bit 10 further

through afy TS iSRRIV oIed YR MdH@ReiaaRd for directing drilling

[oo40]flLRd koM drthe baitoa %E%ﬁw&ﬁ%@iﬁmiﬁéﬁaﬁﬂ t&%ﬁ)%ﬂ@éﬁt&i%ﬁ@itl and a bit
~10.includes lubricant reservoirs 17 that supp ricant to the bearings . .

body F B s S ARG TGS Ry o crt sing

(not shotion BB tﬁm@rpwmmmmdigm@mwgmm tbonetseals feaahes of three

rolling BSHRYGEAUSed ?Yc&ﬁ@é”l‘%@ﬁ‘ghgﬁzﬁriﬁ ﬁ@&%'@gmfmﬁe%%%% It on bearing

respective cone cutter. Althoggéh the embodimeént illustrated in Figure 1

shaftsdhgfePed it astisdiianty thrédt befe lCutersposcdriies wrispeRnisass (two legs
showbit Fcmay ineltisle asMduaeeofocoRe b1iess, SUCRIAS) further includes a plurality of

nozzles 18 that are provided for directing drilling fiuid toward the bottom of the borehole and around
cone cutters 1-3. Bit 10 includes lubricant reservoirs 17 that supply lubricant to the bearings that
support each of the cone cutters 1-3. Bit legs 19 include a shirttail portion 16 that serves to proteit the
cone bearings and cone seals from damage caused by cuttings and debris entering between leg 19 and
its respective cone cutter. Although the embodiment illustrated in Figure 1 shows bit 10 as including
three cone cutters 1-3, in other embodiments, bit 10 may include any number of cone cutters, such as

one, two, three, or more cong cutters.



one, two, three, or more cone cutters. 7 100411 Referring now to both
Figures 1 and 2, each cone cutter 1-3 is mounted on a pin or journal 20
extending from bit body 12, and is adapted to rotate about a cone axis of
rotation 22 oriented generally downwardly and inwardly toward the center
of the bit. Each cutter 1-3 is secured on pin 20 by locking balls 26, in a
conventional manner. In the embodiment shown, radial and axial thrust

[0641) amefhsarhed Ry bigiumalsicewal 28 an dhteistivashers3laking laﬁeariﬁﬂ or joumal 20
o B T SR BB S h s st

owever ion'is No
dOWH\Sﬁfdbt@né Jbvardinyosguhbthe benepplitd ncabiatlecibealifgibitwherenganed by locking

balls WEWE%&%W%HM Q%{‘e?uﬁﬁ%ﬁe %b%ﬁlrﬁ&é’\éﬁgm”ﬁa’dﬁ?%@%ﬁﬁﬁ&&% abéorbed by

between the cone cutter and the journal pin 20.In both roller bearing a

Journaielediy BEAABHE, WRSHETaht mBRF g ptietr it shesa risosencraly trferred to as 2
journdd @aﬁmngﬁ)ﬁ'iaﬁmﬁbaﬂﬂﬁ@ﬂﬁ)\pﬁ&ﬁa@r@ﬂﬁ&ﬁﬂbﬂtlﬁfﬁ)@ﬂ%ﬁ@&j fHam thedigWesng such

for r|t The‘;] rica seale(}ikln the, bearing structure, and%nhn f|UId
trie
R R R T T R L R

on pingérwitforetis: Mmg flisiebisdpeamysen m@mnhemrfameﬁhrmg’m]ﬂpmzo In both roller
bearinBaRRAAR M WHRIR tHRCiTaMRIeA IR %gghé’ﬁh&t%{:&ﬂl RASS3PEWaY, {Illxgtbearmes by
u

shown) to nozzles 18 (Fig ure 1). The borehole created by bit 10 includes

appme}aé%nesaésweﬁ .sf&tteﬁ WnitRs BoRONT 2Bt fon sl Er@ur@rzcamoagefled in the
bearinR eifateing sitl da1fmgures ax&[lﬁiea x&?&l‘bﬁuﬁ?hﬂeﬁnd %'Mdﬁﬁa@@%é@@'%hlch may take

A Dy g
ﬂﬂougﬁ@t@é@mﬁimasma‘@eﬂmmmd@p@edd@lr%ﬂa"rgtwtter Elerhemtekhatated by bit 10
includSSSRRS AT feamIPBorsidealis,of e/ PG Rle AStRg.Gane cutters 1-3

rotate about the borehole bottom. Frustoconical surface 44 will be

10042)  hefPEIPESHIL QIR QU Ehe AL QI oati et ddREidstersenemly papRy backface 40 and
nose dhgenstaidd ogpowreveicithat the sameacshifacedfay-bersomatimesyaigmedinciude a

to b herS| the age" surface .ofarolll cone utter.
gener%o%&foﬁo%ndm et%vﬁegﬁrflﬁhige gaBt?fé(:ce 2%8“&8? eféts t%aérf&%‘?ﬁ/ or ream the
Side“‘@@nﬂfdbédweebaﬁwet%C@dam@rﬁdr%mm@rﬁhwcmh@beimmgwm Frustoconical
surfacd QUORiPErshihe IQQ{QQ@@S%EIOH&J"mgecw&qu%rgofaien%ﬂ}g understood,

the borehole. Frustoconical heel surface 44 and conical surface 46
howeye, g s e PR RIBMRRIOBaGR%S F drBeidards o sithibUbh Y fsrfe ggge” surface

of a rdireoascam:fedge” or "shoulder," it should be understood that shoulder

00431 > A% e c tou red, such as by a radiys, to varioys de re s such
9% o er‘5 °de f?](-:?"'la’lr contolred 2o zonkef(i) %ﬁcﬁr\}/eer%%nce Betwee" A% 46 adapted

- for suppstingopiitel h@é’lfﬁgﬁrfé@e%llgamﬂ thesle dirdadrshrfadettd®. Tantbalsuefaoters rotate
about 4@ %@N&@@@iﬁlﬁ@o@oﬁl%ﬂ%& ohapparaly:THIOFQNERLRIIONSARA A circumferential

generally referred to as "lands", which are employed to support and

edge GRS U AdPRISHERE S BRI SHET e Wt iibw dietidds undersiood
that sit@éieb Hrenforimadhimoedessthface 46kt ee R adacent-anded 8ariChoulder 50 will

define a contoured zone of convergence between frustoconical heel surface 44 and the conical surface
46. Conical surface 46 is divided into a plurality of generally frustoconical regions 48a-c, generally
referred to as "lands", which are employed to support and secure the cutter elements as described in
more detail below. Grooves 49a, b are formed in cone surface 46 between adjacent lands 48a-c.

Although only cone cutter 1 is shown in Figure 2, cones 2 and 3 are similarly, although not identically,

configured.



Although only cone cutter 1 is shown in Figure 2, cones 2 and 3 are

similarly, although not identically, configured. 8 [0044] In bit 10 illustrated

in Figures | and 2, each cone cutter 1-3 includes a plurality of wear

resistant inserts or cutter elements 60, 61, 62, 63. These cutter elements

each include a generally cylindrical base portion with a central axis, and a

cutting portion that extends from the base portion and includes a cutting
joosepUiase forigutttaedanmatioasmaigaial. e euiing.ssfaceioRMARE, plurality of wear

. s%mm%[ric or gsfyr?metricg{?lﬁv to%{ue fgntral axis. All or a portion of the v

eSS B ESHB  TE LR By intBitetarte fit "ito A afitg €8tk opadeA generally
cvlindhieabbafa perodihvetb anentuiterisTinds; astingeehiencimn thectasnfrdeuttingese portion and
incluééénfaagﬁ{iﬁg%rpa%éjﬁgdcﬁgtiﬁegf%&gaubﬁ M@ﬁ? Oi’ﬁgecwﬁgrsgxl?a%e&%h@et sfymmetric or

extends beyond the surface of the cone cutter. The extension height o

asympRirA ERp BT CUTe PaTERhETiE i he diBRiRierf Bin 1Hé ReiensisfersietoPtierference fit

into mgk@ﬂg%&ﬁ@omhﬁ&dhf @ﬁtm@#sm@ @h&tﬁlﬁe&ttenﬁi@,r]a@m?asl&&a%%m "cutting
sybstantially perpendicular to the.cone surface. [0045] Referring now to
s SO A S b STEF £ SR I FRBh Bt SRR gortce o

cone pkrd s acswbstariiadit pf&hahlba'tkfaa‘eed@mdl‘amthselidﬁmp iesiténe cone surface to
the o&%@ﬁ%ﬂi@ ofR0 &&H‘F%sruilfe{w gﬁﬁe 'Hﬁl&dé?éx?e&%@ %@QQ{IEQH ?&%@%ﬂlﬁ%&%%%endicu} ar

surface 44 adjacent to backface 40, and a generally conical surtace
to th i between heel surface 44 and nose 42. Cone 1 further includes

[0045P Glegerferantiab rowef heehsutter elemants:-60exierding ke Beell and generally
rfac el cutter e

. u 44, ments 60 are designed.to. ream the borehole

e AT e SRS} TR NS SMBA, TG PTG g areurer 1 furhe
inﬂiugfemewﬂyrﬂw-ﬁ@ﬁpeﬂl'e@rh@rhts;r&m%g@aﬁemmibeckﬁape@,amd a genejrally conical
surfa&em%gﬁﬁn@ @_%9&1? '%%l%?ﬁcé“@p é@ f?bqéagfntt&l?l'f%lq%rr ?n%lﬁ@gl %ag}gill%ferential

inward of thé circumferential row of heel cutter elements 60, cone

row qhRFGHEE!E EiFBRITIR RiaNFE Bendee suftse dferhisatswEr dementitficare designed to

ream@lieheeisIbdiareallesigned 10 ctisompbpaiéianLotine- Rerahales(FigWserally flat-
)..In this em}lgo iment %{zggg’r_lcutterflements 61 include a csgtting surface

oo R AR S e e e MBI anc
100460 e Sdneie sorsizyelder éth pidyredia it hoagh o titte riedemferts i61raweofdfeiredtto elements

60, DR QINRRGRIL QL AAEIRN WG §J %ﬂ@&éﬁ%ﬁsl%fhe@ M@¥er elements 61 are ,

describe such cutter elements as heel cutters or heel row cutters. 100471

desigpethiferdih tHECIRATRTEPritar Reve R G e ttter 18I RS WiIMERY FRescutter elements

61 inonk cuttenihdnolveles rawlyralityeaéanitamiele adtieralementa®Aa@eOshapes and
S metimet?‘S referred to inn rr%\év ggtter el ments. Bo%to hole cutter
i

EeoTSlemants b2-are desiged t cht tHe BoTeRole BOHSI 7 (Figlirs'2f- IRfiigT s2e= o~

Cuﬁe%ﬁ@t@mmeﬁiﬁrbmttbﬁﬁmﬁdmri@@mémstﬁzimhmweﬁhgpsmacb@ TOW CUMlers.
10047 aﬁwéﬁﬁgﬁf@u&@%ﬂﬁlﬁ%@&%i%%ﬁéﬂ AlhougRoihershapes @00 rer 1 includes

geometries may be employed. %0 8] Cone cutter | further includes a
2 plupilipaty B oTRRRCEtSF Slehsaits®s S RGE Bttt dAtasdaner row cutier elements.

Bottomhole cutter elements 62 are designed to cut the borehole bottom 7 (Figure 2). In this
embodiment, bottomhole cutter elements 62 include cutting surfaces having a generally rounded chisel
shape, although other shapes and geometries may be employed.

[0048] Cone cutter 1 further includes a plurality of ridge cutter elements 63. Ridge cutter elements 63

are designed to cut portions of the borehole bottom 7 that are otherwise left uncut by the other

bottomhole cutter elements 62.
[0049] Referring stili to Figures 3A and 3B, the cutter elements disposed on cone cutter 1 may

generally be described as being disposed or positioned in six distinct groupings. Starting at nose 42,

9



are designed to cut portions of the borehole bottom 7 that are otherwise
left uncut by the other bottomhole cutter elements 62. [0049] Referring
still to Figures 3A and 3B, the cutter elements disposed on cone cutter 1
may generally be described as being disposed or positioned in six distinct
groupings. Starting at nose 42, 9 cone cutter 1 includes a group IA of
bottomhole cutter elements 62 disposed on land 48a and offset from cone

cone 808 A2inbHAS LERRRAIMER T, MBI IREIUIES &S89 G DRUAMRAG FUEL LA offset

element 62 that . sweeps along a single swath or path as cone cutter 1
from ?8{35@%56?80&{1ifé‘%%%bﬁﬁﬂ%%&%&?g}%%ﬂ?@ 1oWgl oLeRTalE ApteE Glenent 62 that
sweepsUikereh finrghanmintlutdpsion asraydBraf otemhnieuitgnelements 62
arganged.in a band 4 ositioned on land 48b.which encircles.cone
mos0 B e A Ll S T e O e e
elemeptsciittsraaistiarndad 4rathisiepnbbolinred 3 wdthomtiolisscutte cetenentend 47a is

distin&2ehpiravalBiarg Rtsupstantinllysipial siZ28ARdRhARE AIthaHEh QR Qfiment, all

more cutter elements 62 of array 1B having different shapes and
bottorgadfi S R B efpEed” b8 1 e A e BukE e Mape dlhaneh one or
more bedeve}eniter @lemernts i2hatiap aiffilBnatrapel dispesaciramepbyeniinat.

cir ial_row but rather,.cutter elements 62 of array 1B are disposed . .
RS e T e e e e el
conveatipngbeirapalewieg profils oeacheetremensnidmicerar AR aye B msed|aps plurality

of diffvithdhassupingmofisnofaidaastnapther ﬁ&'%&iﬁ!ﬁ%@k%fﬁg E’Jﬂ% JBach cutter

| when ?rray 1B is viewed in rotated profile as shown in Figure Having
el 620t ARG M RY L ERESY eI S D" B F S PAy 1885 AP B HREF ' P2 of array
1B whenamged niaviearsayn Thusd amflied bereinintie-desma."aieatigr efrato@inent, cutter
| rangement of two or more cutter elements within a band, where at least
e e S e e T B ST B S En g, e e
“array refieueren tEARRREaG pfotie BieueludtetmetemeithivitHisnthavhere a least two cutter

elemdMEARYSNEBERNAFHGHY pbuti Bt whelly O ¥arians Withihecutling prafile A6alk of each
l??.ESt one gther cutter element within the same arrangement when the
a

CUteT YIS VBT ST a TSt P ATEA rndtetthe e bhliie Bes Ot GariRay ofile of at
least are aﬁmemﬁnhmm tnosaaxialygpaaediapatc mm}vmie)_wal in rotated profile.
There%gﬁymf%ﬁ%mt&albgo. dgrfs%%t&e{h%}e Qﬁetalltls Vo (e)rlfllledn %tf bt%v ano?'rratyrg Iggleﬁl]%fa%haced apart
Cu_tter el‘ement Wlt In a circumferential row CompletePy OVerPIapS witn‘every
CoONVESIER CEIRSMEIEMER TXthiH ehEes lpaasivwrleémaribover amaotetesigoebfiletter element

withiR B fbtheredhe rittesslismentswithinone Grewmisrentak Ions oAt the same row
partially overla

with the cutter elements of another axially spaced apart
when ey S, SRR RS RlsecTh PSS OO E RETURiFGHBLGOw do not
partially Figuke 4@hasanated abovaycoften@temenid 6 2afdr i Biatendispasetbw when
viewdd a r&%g_lé%ﬁgdiﬁering radial positions with respect to bit axi_s 11. The
radial position of a particular cutter element on a cone cutter is measured _
[0052)r JraltRanpibarkis T1zpredeneieemssPeyhitebaselesatifd of array 1B are disposed in a

plurality of differing radial positions with respect to bit axis 11. The radiai position of a particular
cutter element on a cone cutter is measured from the bit axis 11 (perpendicularly to bit axis 11) to the
central axis of the cutter element at the surface of the cone cutter when the particular cutter element is
furthest from to bit axis 11 (or at its bottom-most or bottom-hole engaging position) when viewed in
rotated profile. For instance, cutter element 1B-1 has a central axis 90-1 that intersects the surface of
cone 1 at surface intersection Sig.; when viewed in rotated profile. The radial position of cutter element
IB-1 can be defined by radial distance r;5.; measured from bit axis 11 (perpendicularly to bit axis 11} to

surface intersection Sip.; of cutter element 1B-1. Likewise, cutter element 1B-5 has a central axis 90-3

10



central axis of the cutter element at the surface of the cone cutter when
the particular cutter element is furthest from to bit axis 11 (or at its
bottom-most or bottom-hole engaging position) when viewed in rotated
profile. For instance, cutter element 1B-1 has a central axis 90-1 that
intersects the surface of cone 1 at surface intersection SIB-1 when
viewed in rotated profile. The radial position of cutter element 1B-1 can

that inggselefi ﬂﬁijs@h@(ﬁﬁb&i%ta%@ﬂﬁ%m&@mgmm e ilin rotated profile. The

uIarI to blt 11 to S e intersection S1B-1 of cutter o
radial ?esﬁfonn BT I8\‘?\Iﬂtse cu rergF#E?%Qﬁl %ﬁ?i ‘%ﬁf@tsgﬁ?’%ﬁs&i‘ﬁ bit axis 11
(perpeﬂmmersemﬂmlémttemefmfeoomaacm&r@‘aae” imterssetion: SR B-5Tviners illustrated
in ptgxrsw@dcuttpt%m@'te Tetadiahpesiton 8%\%% %’. r%lﬁ%%% FBan &R%ith respect

be defined by radial distance r1B-5 measured from bit axis 1

to bit s detidielimaPiciieingdatial ¢isanmedesintsoetiolf BB 5! éjf duitdp be understood

that thelempRtpt8ies dhtiscasidbstrated nrbighr4CaeuiesRieiantdB:4ane purposes
cutter element 1B 5 have different radial positions with respect 1o bit axis

of C}arit?ﬁ 8eItFﬁS§ y differing radial distances r15.1 and rIB-5 , respectively. It
[0053] |siturtbs' ursdeestoodF taat thee emH}nW@éslestcsfpwttereatemmf&&B&one cutter 1, but

rathertl}gﬂﬂgﬂad]t@b%ﬁ ﬁﬂ%@lﬁ%}"&%ﬂ&f %ﬁbﬂ&éﬁr&%ﬁ)&) §?§ut9f\xglﬂﬂngﬁﬂg as used herein,

conciseness. [0053] Further, as shown in Figure 3A, array 113 does not

the terg 2 pafe e‘ﬁtrﬁet% ﬂrfawérlc%@%ﬁtr&cr off &t CPRENBHTITE thﬁrte% festeeap pareference
planeshﬁ\fatﬂ@ elistha chagkiat e paghrigsaadadinitasveth. FoRvsaasid $aEINE I Reircles cone

he ter "pand" refers to the ortion of e surface of a cone cutter hat
! be“ﬁ%esr.l Be Werg?rc P PERE éor?gemp ?érn'@s%ar ?l SPES BIESS AURTSR fha0ve 4%a and a second
refereprrplencicmandoithetcons aXibaFosexdmpld paode4Pa. cinchclesisai@ed:, band 474
substaﬂﬁﬁ%ﬁﬁn@;ﬁ@g QLA %P@@%@&%p %Mytf?o@éﬁr%g E}bea@aggsﬁgrse%ﬁ%g a band may

groove 49a and a second reference plarie perpendicular to axis 22

mdwﬁ&%%%“fh?gﬁ&‘?‘bf’é’&(% BYBIvA AR eRBYRTEHE Bardara substantially
j0054) C(Irﬂﬁldreﬁtwﬁlibﬂﬁﬂﬁ 4&&r®¥ﬁ%@§ ghis may Myab&abésdﬂﬁr%ﬁts%aﬁ%e conventional

examp d may .include rt of a I nd, an /or multiple arra
&rrangmmnbe o e seamn%iétgo (1’5'5% tfP?ter %"r’?a‘ﬁggﬁ’\ ?L%Feﬁ?én ggapces, the
row's mnmtamaynpmsddmmmmmm e battemtiomiad Sm@mﬂtm{ncrﬂIMW elements
arranogl:?m%%é&igﬁg%éﬁﬁ%;@klﬁq\f‘@v@’% h\é‘f@ﬁi& W@Q&&%%r@h%gggg% 'redundant

the row's elements are mounted to sfrike the borehole bottom at the same

cutter SlemanFoitd ﬁ?@%ﬂﬁﬁﬁ%lé‘tﬁ%ﬁt@da&t‘r%&éﬁﬁﬁ@%mmr EireRARirettsitpgitioned to

cut amwsnma@rﬁherﬁtore e releredia haiein-as, baing tadendapkEUderof array 1B are
men pgr}r}glocat(edlrn redundantlpqsrtrons ince such.c
t\f 0 1] &

tter
dmpose ememts are posr ionea A (E)lﬂrés’trcrléﬁgamemﬁnﬁt ‘tﬁ“é%‘bﬂ% ?&3%&“ along an
1dent1¢4bwéxﬁebu3m@eaérqttreeri@lemelmsiﬁﬂcrffpaﬁrashatararéfsdisp@eggemdaﬁpmrzatttynother.

00s5; Ofrslifferingsradial RRRIHONS JUtRL LIBMENES @é&@%‘%&@oﬁ&@% SU! AONGferential

an identical paths, but instead cut along a plurality of paths that are offset

row 14y inclyfiared AT et ciRReriishoSiten sHiigeri gD Garrnprovided to
protecatha}tdh% i fiis BxemplaryRmiheci Mentis & ekcetanantal ofaké Wesent invention.,

{0056} !]r%le OV gll%oaélt%t%fs ggxg & ggearnglgéptggt}%g %0' r@cl‘% ?o%l’elig’tcﬁ)aclkfg?:e T(f c6c§.’.‘te cutter 1
includes a sccond array 1C of botiomhole cutter elements 62 positioned in a band 47b that is distinct
and axially spaced apart from array 1B of band 47a. Band 47b is located on land 48c and is axially
bounded by groove 49 and circumferential row of gage cutter elements 61 (row 1D discussed below).

In other words, band 47b does not encompass the entire land 48¢.
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protect the cone surface, but are not considered limiting on the
embodiments of the present invention. [0056] Referring still to Figures 3A
and 3B and continuing to move toward backface 40, cone cutter |

includes a second array 1C of bottomhole cutter elements 62 positioned in
a band 47b that is distinct and axially spaced apart from array 1B of band
47a. Band 47b is located on land 48c and is axially bounded by groove

[00s7] 4 ¥R wirsu ierential unofg 39 Caltsr rlements SL,60Wil D disekssertial row,

below). In other words, band 47b does not encompass the entire land
but arg dnsteid gsReAPSih g radial Bottiens elaite Mt Birall | Capersintly, cutter
elemedisOs@dainag ¢Tcmierentialsoyidbulcargdasiead disposeddi@ifferingogered paths
radi itions relative to the bit axis 11. Consequently, cutter elements
resulttg lﬁlé%é%g%trl o %ag?{%%%gﬁagcfgﬁﬁggf'paths but rather cut offset or
[0058] stAgieradipaies Ife s tiage nubrostiareoisiAtrehishdib Sttoentioiénovessgaranged in a
circut@ORIAHRCAN 19ArBLCArRA886 CHUGHRIRMENISH 1RGN ISutier elements
60 ﬁé%o“%giment, are arranged in a circumferential row 1D. Heel surface 44

-dTCHREUFRBI AR 8369 RN BEMBIY Cdthss Bl boramATIgHa! row 1D
and hénithigereibodimettagagenaistian aleiremisediareodr rENgRddRuter elements 61 and/or

heel cﬁi{&“éﬂgﬁéﬁz’s‘%@'é‘gv"a?{[’ a%ﬂf%llh%g lm(‘:rlajt}atc?erdeﬁlleamgnst S 1910 %.reer rggqged é%t%ter element 61
circum erentla_l ro E?gag cutter_eTemen sobl an%?or a}feefcgﬁ%r

may SEMBAtEECHIEN alietmativethdpe. aitanderidteaesipasiim dermbtaingachl composition,

twist SRUE SIS HeRbr MAKIKIMBEISERNY Shlabie-00emMalys SHaP8e different than
size, diameter, extension height, material composmon, twist angle, or

other gagh SHISHSITITARBF FURHETY offSToRsHORY gRGE GlRER L RbhTemtSERPRisgyny suitable

geombey diffepentihaniiather gagencisitehaiementsGil. Sitsilanyieeaghcbe@iramn thereof.

Furthéj%tx%r c?rlglngr%rlnte .ré*&ﬁé/u& rrg%ﬁise%‘c%%p r%%@aﬁgl?ii ?Qnrp&gy’ %1%? Sels'cﬁ%? ’cuiiter elements
|ameter, extension helg t, material, twrst angle, or com%matlon trhereo .

60. I {pthexcomasrMmbrdinesl ragecutier elensaists bbansadiffuidiféiramterrawhich in this

case HINRMNBHIFAN GUHRLIRBERS FliHtBIR cxemplar: e RRadInaR 839 acement of
bomrﬁg}éer elemeints 61 have dlfferlnggdlameters which in this_case are

IS TSRS e BBE the CHENPHTFEIRBSBIIE G-I GAmRALBaY aiso be
providbhgtplacemeritcoinbattofitintle: cutieiblatiahls 6 2unier faymhion GRO\AutH@Igage.
el iffe i rs4na b ovided to increase tQS
0 Py A s SR, G R SRERER 05 14 fom

array 4Bqe K050 EAHSISR tieves dousébaratetSa s axanly 48kratiegabyys 1B and

IC. @iy sepamtngy Pomm A Hem @éﬁﬁ%é—éﬁcdﬂggﬂwé‘e} GrONS 8N oreater amount of
flaid gg‘gé?rates lands 48b and 48c, thereby axially separatlngégrra&(s_ 113 and

I
R HE UGB AIAY DRI TR QA SELFEISATIRG o doALIEifteSioByFs: 492, 49b
may mioivithy eugreatenamadntiptfiuddlomthetteandhesaeabantrewsanttent with the

cu’fter%%%ﬁtgfof: %B%réuﬁ!e?me %m%};;ﬁ%{j i .%&&rgp%/ziensd’ &adl o%bthgn 9&&8%%@%&%@% of certain

cutter elements of adjacent coné cutters to intermesh to a gréater

bottorabeknURhetHRC R RAIE ROMFCTMESET £6nE iotrass beeaifibanyiigrolsvesa 6a of group
1A ardngrA9bralauvbhiR ey tiing 3w taeesef ceritbRAUAIMNOISLLIRLISISMBRES contacting

62 of cen cutters 2 ?nd 3 to pass between the cutter elements 62 of
cone surface 40 of cone cutter [.
group

[0060] Referring momentarily to Figure 9, the intermeshed relationship between the cones 1-3 is
shown. In this view, commonly termed a "cluster view," cone 3 is schematically represented in two
halves so that the intermesh between cones 2 and 3 and between cones ! and 3 may be depicted.
Performance expectations of rolling cone bits typically require that the cone cutters be as large as
possible within the borehole diameter so as to aliow use of the maximum possibie bearing size and to

provide a retention depth adequate to secure the cutter element base within the cone steel. To achieve
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IA and array 1B, and between array 1B and array IC of cone cutter 1,
respectively, without contacting cone surface 46 of cone cutter 1. [0060]
Referring momentarily to Figure 9, the intermeshed relationship between
the cones 1-3 is shown. In this view, commonly termed a "cluster view,"
cone 3 is schematically represented in two halves so that the intermesh
between cones 2 and 3 and between cones 1 and 3 may be depicted.

maxinit@l TSR anas AXRRGRIAISH! MNG.cHe RIS P IcAM FROMISIDRLIAER, some of the
cone cutters be as large as possible within the bgrehole diameter sg as to

rows o N S BF TR T AKRT P SRS SR BE ARG A Ay SBGRIe o adiacent cones as
the biretensionldepthcadeguataddio sacurd tha«cuienalenmantbasdvitaincbeance areas or

cone steel..To ach Xi ne cutter.diameter and still have ..
oS08 258110 SHUENE AR TR AR U LIRS s

cones §feth Ehtdardharpatiejatiote pes dhunfie AR romsoitelte initantshigdier. The term

"interREIACRNLCANRREAS NGIRIY (OIRAIRS. JLSME SR588+ 6eHANKANS QfCHHRMent on one
elements extend so far. th é}cl arance areas or  groqves corresponding to
cone QT BARR SRR GRS Y TG A (UGBS0 e BUGURACREBI O on adiacen

cutter adeicients _éomeﬁrmm&sﬁedaﬁmi/otmm(bmm&mmﬁﬁ ammm@dm. Each
cone SHEEEHS %AE'E%@?,%%{?& ?‘em% t&f%?'ﬁﬁg?x%%?@;&@%%ﬁ%%i@ﬁ{ G2 cutter elements

efined to mean overlap of any part o east one cutter elément on one

on theg gadi el erOwith v uivelemengetine by se’ rrabarerimtescaraliong 6 g an adjacent

cone GHIBRQIEMERts.AMNaARHI_EENT FehtRERLigvre 5 heaiRtefnResRed1 of cone 2 and
relati nshiﬁgbg%tween th§ ones 1-3 is schematically shown. Each cone

breaks FsioPes! RS &5\ 10 P TS BHREED tHERERAm AR &R rsion Hisghdeseribed
abovepfatileasutter etementagan thagrparticuleyr enheldbhdicuttde eterentaitiaats of certain

bottor;f;lv.wl%;r%r St%lrl gjgr;;lgﬁ?sa&: gg a@é&tl %ege]t%te?sf Qgi]l?%gr ‘i)% s %QWe;in‘&leJ @%%%p %lements 62

that adjacent cone. For example, array s envelope 101 o .
of grappnies 2etharrbrd Bkensrivastese 2o dBesneBan thbrefsreiiftelniesiseively, without

contadMitB E6HEsd-RRE aPpe3nA\sutitiefly daseties: aRRYRs@NELA3RESTHEeaNebodiments

Figure 9, grooves 49a and 49b allow the cutting surfaces of certain
where AR Ok o BT 5P P v e B, B S AT g grooves may

not bdyetwwesary the cutter elements 62 of group 1A and array 1B, and between

o061/ FYerrnt 053N B GO CANE UL Ty, ?ﬁ"?ﬁ&l@é@e%ﬁh%u&es%%@%g%ing divided

~ ‘cone surface 46 of tone cutter 1.’ It should be understood however, that in~
nto aBrfBTRRettSeHiterd 8 mtimiBsHitshedtierieleMents gRowia: axgamgshed region 70

exten& THighe My« {af: Glear @C%,ag@@%x@fugégoﬂﬁ@%ﬁi%d%?%b&ﬂimf rM:g[QQ@@& element
Referring again o Figures 3A ar , cone cutter | may therefore be

furthc R B ey BT i B S o B A RRE reion 72 generel

extemimfinemt‘atc_nesﬁeél Teegion W@.M@MI Antersneshadiiegiof, éﬁ)@)dtend@y IB,and a

pomommggﬁm Qe 2 10:ANA LGNS, Fie QUISBNARE FHUSSIEMENEHS  portion of

cutter element furthest from nose 42) that intermeshes with an adjacent”
array drlis INGRLRtETREaH Fegion’7 2igenrrilly extends from intermeshed

[0062]r eQiFRTIAL - Haekiaca 4G A mbeBt SRR IEIONT 819k G QMRA ALY d leSements 62 of
array %gda?é assigned reference numerals 1B-1 through 1B-10, there being ter cutter elements 62 in
array 1B in this embodiment. Cutter elements 62 of array 1B are not retained in cone cutter 1 at the
same radial position with respect to bit axis 11, but instead are located in a plurality of differing radial
positions. Specifically, in this embodiment, each cutter element 1B-1 through 1B-10 of array 1B is
disposed in one of five different radial positions within band 47a. Stated differently, array 1B includes
Nig cutter elements disposed in Pip differing radial positions, where Nz is ten and Pig is five. In the

embodiment shown in Figures 3A and 3B, two cutter elements of array 1B are disposed at each of the
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portion of array 1C lie in the intermeshed region 70, while row ID, row 1E,
and the remaining portion of array 1C lie in non-intermeshed region 72 of
cone cutter 1. 100621 Referring again to Figures 3A and 3B, for purposes
of further explanation, cutter elements 62 of array 113 are assigned
reference numerals 113-1 through 113-10, there being ten cutter elements
62 in array 113 in this embodiment. Cutter elements 62 of array 113 are

five raQ (RIRRRY itk %@ﬂﬁtﬁéﬁt@ﬁt&@éﬁﬁnﬁwﬁg @G'@b@ﬁ&ﬁ%ﬁ@&%@%ﬂﬁ&tﬁ&%ﬁ, cutter
axis 11, but instead are located in a plurality of differing radlgllgﬁosmons.

elemeiss, LBz, Ly tishens s samndediab AeH e terrate -l gR- 1 sharg the same
radial @bsirkay dBeiscleispnse-inaanemh fierditfe semk radial pasitonsavilier bRAGNts 1B-5

tated differently, array 113 includes NIB cutter elements disposed
and 1%3@i@gﬁgﬁ%négrﬁ%}tg%ogls{fﬁ}({jns, where NIB is ten and P1B is five. In the

[0063] o FibenfraE SRObEN RS Figuies 3R awtaEenwoicGler alemiclfisanf assigyetBeference
mimerdl€1disnaredipf@asheb ek 3ifive, ReialRASIHANS N.RatieUlRk S WRlodiment. As

.. elements 113-1 and 1B-6 share the same radial position, cutter elements
with GBS SRCTE- 9 SHAFEPthEPs SHE SEniFostRi i @itdr HleRtbrging i1 gape cuter 1 at
the safi3-@dihlapestiie Seitherespadialopgsition | Cubleriptemients 1ddated andpld3dkd) of differing
- the . dial pasition, and cutter elements -5 and o_ .. :
i e e N & LB i giosca i
one ofjfese ldfrrentsBbpasitEpIC SredsdifrmatiaferancéCninatetedsNE- gutter siements
dispodd¥r et} |G sinther8Peing; fiteamautier. alemrnts.A4 M awdC IthBiSicular, cutter

embodiment. As_with cutter elements 62 of array 1B, cutter elements 62
clemegi Ay ool ot ol 1 cor G A L M ECTa RS p BB 12 1C-
5, 1CaRithCréspeat 10 Hit akdse e bubdnsteadeiadocaié dutien guralitytof differg C-9, 1C-
radi sitians. Specifically..in this embodiment, cutter elements 1C-1
12 ant %ﬁgﬂ%&;—eﬁggasr%ng igaéégggggfﬂo%ne of three different radial positions.
[6064] SREErEETEr SHEe 4rvalicl BiRthsteoNPIChelaterielermenss tispiomed imR positioned
in onéliéfering adial RasilignswRereN10,iIsFHRPAAARIE ISHRERR- 4P of aray 1B (cutter
articular, cutter_ elements IC-1, 1C-4, IC-7, IC-10, and IC-13 share the
clemells hE- ARYBL UtiAR, BE e ARG e d BeriRe B PHOgRe fs. ffeen bortom
hole csharei¢hesaniaradigl FOsitinn, dutksutt€r bieroants (03, atCpbxiticad] hGne of three
oo = radial position. [0064 erring to Figure
e e S . PR B R b BB R e e 2 o
array §Boffe Shntinglamritea aeiratysestloment TR femobbtidnedsanic attedia| ppaisiarsdiffering

from ¢ @bAIRYAE (R bAIBMaRSEd-ddheaualy 1B:10) areRPsHIINRY Mherefore, the

. ane of five differing radial positions; the fifteen bottom hole cutter
o g PR3 ARVAG e (LTS R PRSI G g S 1) e of botom ol
cutter pigitoned toreneiohithnee.3difteritty radiad pekiii postibat dachdifersitonre: elements).
stared AR POSHON AL BRI ARlE LSS SIRIEN(502. 00811 RY 3P4 AN R cuteer
single bottom hole cutter element 62 of group occupies a radial .

elemefstiioft diffeking FRARE ritdiRispeshierBcatthropBeRAh oRacwlteY: different radial
positi@ie(BeNtS 62 eharayid SndbdRehay whercHREFRfRres 8o X, is about 0.35, or 35%, in this
embodiment.

[0065] In general, the greater the ratio of unigue radial positions for bottom hole cutter elements on a
given cone to the total number of bottom hole cutter elements on the cone, the lesser the Hkelihood for
bit tracking. Thus, the ratio of unique radial positions for bottom hole cutter elements to the total
number of bottom hole cutter elements of a particular cone is preferably at least .20 (or 20%), and more

preferably at least 0.30 (or 30%). In some embodiments, the ratic of unique radial positions for bottom
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ratio of unique radial positions for bottom hole cutter elements 62 to the
total number of bottom hole cutter elements of cone 1 is about 0.35, or
35% (i.e., 9 radial positions divided by 26 cutter elements). Stated
differently, cone 1 may be described as including a total number X1 of
bottom hole cutter elements 62 (e.g.., X1 is twenty-six in this
embodiment), positioned in one of Y1 different radial positions (e.g., Y1is
hole ciMBELBLRIZ: RROHMERhHAUNE TR 1RHO fedr WeffetR A aRidRaode Way exceed
,, Inthis embodiment. [0065] In general, the greater the ratio of unique
0%. radial positions for bottom hole cutter elements on a given cone to the
[0066} toral sanenhieeof betesihale utieele memisconicthe:sriR N JesaRy e Figures 3A
kelinood for, bit tracking. Thus, the ratio of unique radial positions for
a3 e L B 0T StTSea, st clements 1.
eic.) nsfedienits bit dhgaiioutirncnéidodaeterablpatibtist D26 fon 2086)iahacl advance the
boreh RO ke feraliyealteant QR0 R 30 %&&g@mﬁc‘%@gﬁd&m&ﬁ‘;}fﬁrﬂ?ﬁeéa&%& of the

unique radial positions for bottom 14 hole cutter elements to the total L
cutter FGRiBET JrBBRO ARG LR eleRlERfsarEN A N EBTR Aty BRted o file view.
Thus, £ LO06RIwASheoneredtiesfller otatesiindie atenomdndig dirgetionrofile views of

represented by arrow 80 (Figures 3A and 3B), the cutter glements of
o R e A e R EE R 2o 10
of gagerulipetoieslfy Hndrevdipmdtien tuthtistisdemnia §dlume of the formation

10067 MRTGEIR-ANEhadyaCca e D oreh elge Rlatr A chematcAly USRSl position

the cutting surfaces and cutting profiles of each of the cutter elements of

With TERE 1 rtate AP e SirtfRes e Rhe Rt AR AR B teafoneieateses the cone
rotaterOfile, Viewurpddausf Bigitre oAl showsdhadiatate Psofithe rvibay kBRAgs labeled in the

gut 1.including, rotated profile views of .group 1A of cutter elements 62,.
e TR nEr £ R oy SR AR IR S RS e 42
it beingageiessined Slangeies dameantBréwlsErotise el ot slomants 80cG06EMent 18-1

since d0:@ERSHAANECUGT AlemBMSRNARARSSYSHRAVINg substantially the
same radial E:)siti_on with resé)ect to the bit axis sweep along substantially

10068}, SCHAFHE SRthiS (BTG the TOrTREE P 48 e CorittiFbRATBSIIF s apd 1B-6 include
cuttinpunpiasastiof claritye olkeone hutterdlamandeiln Yivan radiel pesitian s 1 labeled in

. led in.the, rotated profile views illustrated herein. For example, on
B R L o e
1B, hasteaiitioe pHERTSEBNE sl 6ipstsittsshilexy theshinshpsitfram batberebidersidrwall 5 (only

cutter LBrdenSiles CHRE W@ﬁ&ﬁ'@%@eﬁe@i&t&%@ igsameradial ﬁ?-ﬁiggﬁugh 1B-9
100681 R _f?mn% still to Figure 4A, with regard to arra;éélB cutter

cut 2t JQe IR R AR HHER SR Rty sUraclY R el b (eRisaettodipments 1B-
2, 1B-Boreh e siseivd libriomty wutter element IB-1 labeled in Figure 4A), while

0069) CUALE H@ﬁ(ﬁsa%%'slénc% ]c':t%i}éfoélgrlneﬁﬁ?sglx% Ig-énges%rine%sg_g %éf%'teéﬂ 1S 02 ents are
~of array 1B, have cutting surfaces that cut closes {0 bit axis 11 an
positigppthBRIERRS R the Teheh dtensitievelisss (ehlpne axis 22, is generally described herein as

spiraied or a spiral array for simplicity. It should be understood that in other embodiments, the cutter
elements of an array may not be positioned in a spiral configuration. Specifically, array 1B includes
two spiral arrangements, with cutter elements 1B-1 through 1B-3 representing a first spiral
arrangement, and cutter elements 1B-6 through 1B-10 representing a second spiral arrangement within
band 47a. The first spiral arrangement represented by cutter elements 1B-1 through 1B-3 may be
considered its own array since it includes two or more cutter elementé (e.g., cutter elements 1B-1 and
1B-2) having differing radial positions within a band 47a, where the cutting profile of each cutter

element 1B-1 through 1B-5 in the arrangement partially overiaps with the cutting profile of at least one
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cutter element 1B-5 labeled in Figure 4A). Cutter elements 1B-2 through
1B-4 and 1B-7 through 1B-9 cut at locations radially between cutter
elements 1B-I, 1B-6 and 1B-5, 1B-10 (only cutter elements 1B- 2, 1B-3,
and 1B-4 labeled in Figure 4A), 10069] This particular array 1B of cutter
elements, where a series of adjacent cutter elements are positioned
progressively further from (or closer to) cone axis 22, is generally

other &@épgfgﬁg&qg@ptﬁﬁa@ﬂlr@%{hﬁzﬁyﬂﬂ rﬂ%%@ﬁ%&tﬂ%%%@&éﬁ 1s viewed

_ understood that in other embodiments, the cutter elements of an arra

in rotaigd PrAfiled BigySifione & %Kit ARG REHONTISBEBMEAmy careg Rcutter elements
1B-6 docliglas-lvemspirb a5 sngamments wiugwiter elements 1B-I through 1B-5

o0701" resentin%?aﬁ}.firsttsp&al Qrangement, ?nd cutter elements 113-6 1B
OO o SR T BT B s iRy s BB h P4 AT APES GBI AV i P B A & 2ray 1B)
may nd7zp@hedinsrephiahasrangdoae tteredis sentéchbyfcutteretenentsnl Bithin each spiral
may HOIRHAR 18Y%H Ry Pc?ﬂfé%ﬁlQE%S@Q&B%&&%@&E%}%%H&%‘tiﬁ”&lé‘G%Jgiﬁr% within the

more cutter elements (e.g., cutter elements 1B-1 and 1B-2) havin
array. (pHshirRg RIS Rfo RS Witrady bisserlayhagvinehedine editthgrpmsmmacst of N cutter
elemeRSGhspORtarie B NASHdriE- fa dop@iidR-2rih iheaangement-padially cutter elements
. ___ovyerlaps with the cutting profile of.at least.one 15 other cutter element cop
aispo N AT The SRS DN ARU P PGP Oh g e
radial piesitiets. in rotated profile (Figure 4A). Likewise, the second spiral
10071] A EBRYSIDERH, "t@@fi%éfe”&%‘? POREGE lemanie 186 - Nrgkgh 184 Mayic.s, 1c-10,

also be considered its own array. 100701 In some embodiments, the two

and 1 GrlinBra dp e shgeridhas Withir s raghecbgrehereayals) (vrkyepige element 1C-1
labeletie peaidiadialkpositionsang ikstead the-radial@ositions ofieaghdcultiers, the radiaily-
. eletmetr%‘tamg %ré%a%]% sygiral m]ae[/ e unicwée as ¢ mg%r‘ed tc% tfile radiakH.t i 11 and
MRCEgsiions 6f cuter elemants in the othar Spirais tithikithe ™ aHay 'SacH 4/ 1* a0
furthesfrfepynrivaypirehoiorealird fetlly desoribedess! Hd udirigdafifstarranyefivent gfments 1C-
2, 1cN, gutien elements dispoaggin L difering rrdial RRRIHORS-ANE 24 8$CAN: iocations

__arrangement of N, cutter elements disg)gsed in Pc radial positions, where
radialls bafFEFMEF ATRAFPERIbNY ettt -differ Ao B 3amrbrityr dements 1C-3, 1C-6, 1C-
9, 1ICpositions. KGTld-Retendng still torhiguie: dAvanith Jegritimaaw i cter elements
utter elements 1C-1, IC-4, 1C-7, 1C-10., and | C-13 includ ttin .
o R P 2L T 5 S Vil (AL e e s
Spiraiemeraﬁémtmlﬁgfuﬂ@%)l, WWhitequetentelemehits KBi3|.|GHEsr|Seiel@- 12,10 through
1C-123RgHCerlm e thes fadighya RN TR e SlemMe RS B 2rof @R MeDRYE 4 fifth spiral,

cutting surfaces that cut closest to bit axis 11 and furthest from the
Thus, fighafe Wan S Eiferelartehier o3 RifdItIRERIe 4290 Coifrarengement
includttemesisdeer Aelend, HCdEFhrd TadanddSiidds (ORYaauiter @lemRbtideo? cone rotation
labeled in Figure 4A) cut at.locations radiall tween cutter.elements )
0. o e R T R RO AT R e cpposi
directign-athiGpisl amangsragnanfermericaasy 1C irtblodgs 1five Sipiratay 1C.

10072] ATRRRGSTDERS WL GNIRE GleBAERESd partial rotated profile view of array 1B is illustrated.

Each cutter elements 1B-1 through 1B-5 includes a cutter element axis 90-1 through 90-3, respectively,

and a crest 91-1 through 91-3, respectively. As best seen in Figure 4B, the radial positions of the cutter
elements 1B-1 through 1B-10 are staggered equally. In other words, the distance Z between adjacent
cutter elements in rotated profile view, as measured from cutter element axis 90 at crest 91 of a cutter
clement 10 axis 90 at crest 91 of an adjacent cutter element, is uniform. For example, distance 7;
between cutier elements 1B-1 and 1B-2 when viewed in rotated profile, as measured from axis 90-1 at

crest 91-1 of cutter element 1B-1 to axis 90-2 at crest 91-2 of cutter element 1B-2, is substantially same
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IC-1 through 1C-3 representing a first spiral, cutter elements IC-4 through
IC-6 representing a second spiral, cutter elements IC-7 through 1C-9
representing a third spiral, cutter elements IC-1.0 through 1C-12
representing a fourth spiral, and cutter elements IC-13 through IC-15
representing a fifth spiral. Thus, array 1C may be described as including
five spiral arrangements, each spiral arrangement including three cutter

as diglgraentsdn, differing radidROSHIONGIRYALIVE I0RG-HrecHOR.Qf 6098 crest 91-2 of

rotation 80, the spiral arrangement of cutter elements 1B-I through 1B-10

cutergley s fhthet 6&@6%&@ 4§ ﬁé%%rofi%ﬁﬁ&%é%mréi%aﬁ@éﬁ%ﬁm or required

for cl emﬁ@creedﬁmem lﬁttkﬁ@@ﬂ@hsl@s@ﬁc&@ﬁ@%dgﬁ AR LR RESCEING MOV i an array
an éa rtial rota d profile view of array 1B is illustrated.
m rbta @%

when e Oon-un
é’ VF cutter e e rou 0f§ 5 includes a cutter element axis

[9073DMYW@K@P@OJ@Q@%QEMW fﬂamdﬂa digstiedudhthbligyofSirsy; 1B has a diameter of
0.562‘53§Eﬁcﬁ\4§b§u§§5t@§§$§%11 Nifdgurepd B, the radialpesitia %Qﬁ@@rs‘?l}ftﬁémeen 778

. . elements 1B-1 through 1B-10 are staggered equally. In other words, t
inch gfis thiiddnsheisiasen ﬁwﬁd&ﬁwﬁ% PRAEFHBIES rnor%&aﬂ@ahﬁwﬂfb%éowna%es
[0674Medistvie b dulierelenentrRxenR018t CrRaigl 0ka Culeinglemesbieed about the

axis at cre t9 acent cutter nt, is uniform. For exam
cone B S A LR LR L B0 S s o clerance

with pherettisrlitercats.riisamgdel frositientds 90 heatutrestedbritofitite relermert.g., cutter
elemed- 159 %@@Q@ AbgestI s hsuitel.alement 1B-2, is substantially

same 16 as distance Z, between cutter elements 1B-2 and 1B-3, as

10075 4GRS 5 [Eis iBoRed atin s B s aREiPRIKHAERRRE-J @ ARl gegrinciples

descritfedraisihd il @ity eleinent At onmererasdasietde rmee,mradai@rpamauv in
learance the tter elements, distance,Z hetween adjacent cutt

mteng E?ne ‘t%nwnhlng nrgurlcr%y Oélr%n\%g\?véég TFETot a%ted proflftsémrlf‘f:ai3 ﬁ%emng aga’m to Figure

44, Aippughiterhnof] oo Bithantisisrtexaismiatswher dheawth dGiteF efermeuiatB-dpaced about the

cone HXI9UY @ﬂ&&i@o%%a)é&%@é&rﬁé% atefQi-h 645 Walé'ﬁeeﬂx%ﬁ’at% s%aced non-

about 0.015 inches, Preferably, for bits havmg diameters of between 7
unifofrmip 2Bt §OBRAAKIRAZ distance Z will be between approximately 0.010

0076nchigisharteOid G mh@ﬁxr{@ﬁﬂﬂ}s&dﬁ%tsﬁgmofnﬁh&Eﬂﬂﬁﬂﬁerlﬁfﬁm@ﬁg% 1B-10 of
array:ll% r;]‘rém oszjg%n]é sai‘lrﬁestg‘n larlgr%% Ce %oc%%:[ahs%g%ce 266‘ X['n %;g ¥V(a'c;}s axis 90 of

unito est seen |n OWGVEI’ as desired or I'eCIUI
each é@ﬁ?ﬁh@@%ﬁ@r bth@ru%iythrMMMSHWh@mgzmhmm@nmg oifive ébiitewhich they

are d@m@ntm@m BROAIERY (8rd- sl ucie MENISHR-duthrolgh A B-19. Pfthrough 1B-10

array 1B) may be non-uniform. [0075] Although array 1B is positioned

are sKGth ﬁtePﬁﬁééF?PSB BYEStRdP eaﬂbOILhefn GEERSE: EBeiRasas 1Gekdnpugh 1C-15 of
array alibue a@qﬁ'lypeqtﬂ@ibd teubsraysltlispesedininon-nerhesh (egi Qﬂr?&eam and are thus

skew@cgr@¥s Q&I’S& éﬁ‘at {fren'c?jsgcri?g{%}' 7&% olgac{tg elry A non Iﬂit’»efm It -10 within
region /2. For mstance re errlng again to Figlire 4/ ough eac gof
array fie @R QU alemenisIC thma@hl@lwweianghﬁérw sheiced abgetdhd the cutter

elem&ROBYAKIR 24 DyrR URIfOrRd, ctiRE-RlermentelGidsthUah kCilaMay may all be
also be angLflarIy gaced non-

substantially paraliel, or with some cutter elements paraliel and others skewed.

f0077)  Still referring to Figure 4B, the base portion of each cutter element 1B-1 through 1B-10 has a
diameter D. In this embodiment, each cutter elements 1B-1 through 1B-10 has substantially the same
diameter D, although, in general, each cutter element within an array need not have the same diameter
D. Further, the cutting profile of array 1B, as represented by the overlapping cutting profiles of cutter
elements 1B-1 througk 1B-10 of array 1B when viewed in rotated profile, has a width W generally

between the innermost cutter elements 1B-5, 1B-10 of array 1B and the outermost cutter elements 1B-1,
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uniformly about cone axis 22. 100761 Still further, in the embodiment
illustrated in Figure 4B, cutter elements 1B-1 through 1B-10 of array 1B
are each positioned substantially perpendicular to cone surface 46. In
other words, axis 90 of each cutter element 1B-I through 1B-10 is
substantially perpendicular to cone surface 46 in which they are
disposed. Since the profile of cone surface 46 is non-planar, cutter

1B-6 SISMENS. Lhote tyQuahil Bitid, AR Sk BWEH( & 1&%&@&?}8} LA, is measured

each other. Likewise, cutter elements IC-1 through IC-15 of array 1C are

from grge() b <HiBHERnSSHS R Eyep Beh i ctis b ot UpS. Thus,
in germidl, aie thas mﬂlﬁhﬂ@&@afﬁﬂ@)ﬁmﬁﬁmmf@ﬂ%eﬂ%@@ﬂh}e innermost

" cutter ele%ents 1 1th lB tl W|tmn arra I% % ut er CEace 44
e E:rl en?Ll?trpwrou Riead gf‘ém escr ed asSKeweq gk genéral® e ttter™ ee Surface )

to theakeshelrtts wrtbnmcehcamta)e cengnt Qﬁl@teﬁr@beﬁ@mst&BelbmljgthﬁsBﬁx@dhe cone axis 22
and cRERY:d Bemaxall bs vrhsirrtially 5 flﬁ%ﬁfé%f H-With somescutietflem ﬁmﬁle It being

parallel and others skewed. 100771 Still referring to Figure 4B, the base
mdefﬁ%?ﬂ&h%f@é&?ﬁfc&%wr@m&w%w hfFGaH BT GPRASHOBRIR P Rofrof the cutter
elemdinisuemboklitaant, @ackesiten ﬂﬁ@@@:ﬁiﬁﬁlﬁ&ﬂnbﬁﬂ@ﬁ@h 1853 @hasf cutter element 1B-1
mtersec?t? ggeas@g?lk{"tihcu? gmgrli rH{ é 56 ge eral e?@cﬁﬁﬁ% ix% eésects crest

ment within an array nee \e's8me diame
91-5 elieunig stofitetoffafral mB ‘asiﬂeb\leseﬁﬁeebfblﬁlm@r)‘aéﬂdppiﬂ@mﬁdmg being measured

from Qﬂ%f%ﬁ Q:.It GHiLes ell%p&ﬂ%f Jcﬁﬁép 939161‘15 'ﬁp iolfoaﬂ%y% % \S{Q‘?&t" ﬁvge&" mnermost

in rotated_profile, has a width WIB generally between the innermost cutter

cutter s BB Bty HRa R P B AANAS ButisHiost eifted Bieftfentiowever. in other

embodibds that LB afairytkBulde r@eﬁﬁﬁﬁm%ﬂﬁﬁihﬁrﬂh@ﬁ&a&ﬂ@@&m&ﬂ@%@m of the
rotate rofile, width OJf is.measured. fro crest9 gf ou

arrayga er e %‘é%c% c:{etso crest @Hegng tlﬁ%%er?rﬁos E:CI:]EJ"tflel’ efetme 151%rl Hteg:n Ost cutter
elemdgnt g’éﬁ@ratgmheﬁwmm \nepfeat ﬂm@wmfah@wtsm@mwQWngﬁ thel fropn In such
embol¥a e Shohag ngrmostCultar Rlementoibe AraMl GmEHILe SIEM8Bhent of the

closest to cone axis 22 and further from heel surface 44) to the crest of
array (e S RE ISR kT BRSh R o ety tiF el HEF R I mBHnE RFRIEE Phife amay is
v1ewetﬁla1(36tae:ca)§t5f22 angdélosest Bhdmﬁﬁbsuﬁfﬁﬁﬁc%é)tmh&mfhGﬁﬁuﬂﬂﬁgﬁﬁﬂft@mseﬂts the
of the arra tated of eing. u ood th tthe re
W}dth f% Rg}) (Jﬂe ya%\c/av #n g tFl %I ecu 5gﬁ Eﬁ] fsé?]rfaacé/ ﬁ‘st‘ﬁ] ‘I:asshedmtance

acu mentis &t on or the port e cltte
bwmthremmmﬁésﬁmﬁmhest@m@r@mmﬁ thiseparticular embodiment, axis

100782 OrLepd %Hgﬁlﬁmﬁ%@a@dlm' RISHRCLEs Gresi vl JoiOcIrFthtﬁi Sl%ﬁ%(}]‘/@& diameter D

and further, axis 90-5 of cutter element 1B-5 intersects crest 91-5 of
of any, cHitsT SRR PIDE 8N LE, WAL ECHE ) FEITh M SemRiEe bdreater the
widtha® hiing mgaﬁwg&afwmmﬁﬁdbaﬁmx&ﬂa& of waﬁmstrﬁuﬁeﬁe width W of an

et[pent 18- aX|s 9 5 at crest 91- 5 nermo utt en
mayl vhen t ‘%“’183 re onile gfcglr}Facyu%‘IL Bis \ﬂiewe iff ro atec?n pro f %ovéév ?erDGfany
Cu‘ﬂtel‘nﬂeﬂm ‘eﬁlﬂbbmmems thetdrskioedsymatretiivie e efeﬁhﬁedt(sv)etch@a@(ﬁsmﬂ cutter

elem&h hgnlnnQrmast %‘%ﬁ@%@(ﬁfrﬁﬁ@%e@ﬁ@% ey BRLINLeS e eSS Ofecion of

the innermost cutter element, and/or the axis of the outérmost cutter
cone cutter may exceed 60% or even 75% of the diameter D of any cutter element within the array.

However, it should be understood that increasing the width W of an intermesh array on one cone cutter
{e.g., cone 1), may necessitate a smalier or reduced width W of one or more intermesh arrays on adjacent
cones (e.g., cone 2 or cone 3) to allow for sufficient clearance.

[0079] As for arrays in the non-intermeshed region of a cone cutter (e.g., array 1C of cone cutter 1},
clearance with cutter elements of adjacent cones 1s less of an issue. Thus, the width W of arrays in the

non-intermeshed region of a cone cutter may exceed 50%, 75%, or even 100% of the diameter D of any
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element of the array may not intersect the crest of the outermost cutter
element of the array. In such embodiments, the width W of the array is
measured from the crest of the innermost cutter element of the array to
the crest of the outermost cutter element of the array when the cutting
profile of the array is viewed in rotated profile. In addition, it should be
understood that width W of an array represents the width of the array in
cutter RS REGIHAHEn-WGIR-Af The,cutting RIilEf JRgaeray gf%?ré@ellt?? i 100% of
. distance between the innermost and outermost cutter elements of the
diametgr k), 10078] In the embodiment illustrated in Figure 4B, width WIB of
;oose;arffeafeh&gssanaum%sowiameng,rle@ c@ﬁﬁmyr&idiéeﬁrﬁl&?}éﬂ@:ﬁé%iﬁ]iéﬁlﬁ&%ﬁiﬁmm 1B-1
B. eneral, fo lyen cutter element geometr reater the, widt .
thmu%é alg) frfaaﬁath%rgégi[ecru the S%Trgﬁﬁ(;l]enhgt Sl ecﬁgﬁiégﬁ%f%ggg%ﬁ%@m formation.
Speciftpally, thetwiddmentafiEn! arrayen thel ihtgrameshéld regiarifoiatbosiesduster positioned

relatiBIPrERERIICRIRG hAN ARVaRkIe diameler Delany (SN SIRMERE aray 1B is
.within the arra%, more preferably greater than 50% of the diameter D of

relatiygly, STpRtR USRI IRERTTH (ROt aDe fRreHe anduissi ffcmtEnteifiotn idest of uncut

formaidmisay tanthieinidiviiehedie gimenita iconedgdtiel MY ExCerhPAY @ reduced or
e 75% .of the diameter D of any cutter element within the array. .

s e BTS00 DRG0 apfon bever e

indivigualrpreshelaraytohfohémgk BBtléro{eryy EBnerty, Matsnedissitatecgential to reduce

the HISTIRNIQT BrurRdUGed widt Wcﬁfng@@ QL ORI BIMGSE: ARV O @HRC%;E} reducing

cones (e.g., cane 2 or cone 3) to allow for sufficient clearance. [00791 As
1.
ff;;%éﬁ?

contagh Witk brlaraR sesmeEtHmst F8ETSHSE a cone cutter (e.g., array IC of
[oos1 comendditier, by, offemiag ceyghiguial elemeniswt adiacanheanasis 1Bssaf 1B-10 o

an issve, hus, the width W of arrays in th -intermeshed regijonofa . .. |
o N B R A D LT Do e dmh iy o i
radialpgsitiogsguite filstEhoed thwitHin atengoir intemnestemayt Fiorinstandd the fall entirely
withi¥ViBWMLG QfRRaYoh GriS RRQWEIIN0 0f Aiametell: (0301 Befertings i reduced.

still to Figures 4A and 4B, as cone | rotates in the borehole, cutter _
therely JRIBRTE 1B IPRIFFERL PR B PO MHral COBRAMIL IR & A0LLARHANR] s pisrential row of
cuttenveieithemd] Brofhthchadiieanifampation. Specifiealhy suttenelements 1B-1 through 1B-
thr -10.0f array, 1B are sufficiently.sized.and.positio elative
1 / o - [+3 -
1 Bty (1 R AL 8 AR ACTRCENt el Dbt an e
mcregse@pfpBried Fe kativeRpidenal hixyoHersatiai noo teftewltprofifestthe formation

[0082 ANGy SRR THAGLUAIS £ IHga Rk WL aIaHanPEIWEeRLIG 18-10 w form an
individual cutter elements 1B-1 through 1B-10 of array 1B is reduced or
array g#ﬁ&% fi)]

i e RHARS B Fa SHEA AT SR SHECS s dgs Brough 1B-10,
array Uicofféar thatiorrvel\fie ehe theloingiy istnaligutte d edentembia: bl dnthyiebigh uncut ridges of

P élnlgl%ﬂf array.; rray 1B also offers the ootential r ce the
orm Iikgljho‘ogi of@}% egﬁgﬁ%ﬁﬁgg;ea‘?? rciig?n%iéﬂe % t<(:)ocr{1)331tp 5‘?1%dq ie %%eﬁee}emems of cone 1,
reducgfeikeiibecst Brrdy IRclipgeingriprgd coriterot ikh cetatige yslaxgepsrg e atsonventional

circu@fdg it formatiQier elements, and increased drilling life for the bit. One or more of these
desirable benefits of array 1B may also increase the ROP of bit 10 as it drilis through formation.

[0083] As with array 1B, as cone 1 rotates in the borehole, cutter elements 1C-1 through 1C-15 of array
1C will cut substantially the entire width Wyc of the adjacent formation. Array 1C will cut a swath,
leaving minimal uncut borehole bottom 7, at least between the cutter element axes of the innermost and
outermost cutter elements of array 1C. In other words, cutter elements 1C-1 through 1C-15 are sized
and positioned relatively close to each other (i.e., the distance Z between adjacent cutter elements in

array 1C is relatively small) such that, in rotated profile, uncut ridges of formation are not formed at all
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100811 In addition, by offsetting, staggering, and/or fanning out cutter
elements 1B-1 through 1B-10 to form an array 1B (e.g., by positioning
cutter elements 113-1 through 1B-10 in a plurality of differing radial
positions), the likelihood that the cutting tip of a cutter element within array
1B will fall entirely within a crater or indentation previously-formed by
another cutter element of array 1B is reduced, thereby reducing the

or are Q&Eﬁi’%@@l Jﬁﬁl@%@%&%@é ngﬂ?é-tptﬂ&%?lvﬁﬂqg%@aﬁiﬁ "i@f ef&% %!iﬂ'l 5.% iB, by

of cutter elements. Further, b{ offsetting, staggering, and/or fanning out
reduciag el RALRIEHES BPRHASUER KBMAEP RS AZAIPBIdRPSL O, BaFdRTBBHembetween the

indivib@IEceavMesRgRiy ICUting e m:fnts &f%?ﬂaﬁhf@yﬂ’fh}l BS}}Qs’éaﬂfQi@ RGBSR 10 reduce
..as.Co red to g conventignal circumferential row of cutter elements.

e R O e A S SRR RS 11

[0084]thioadditibB- b0 abskoting categgerang. HB( whilerang hetsane tamesuffiCiénbipugh 1C-15 to

form SZHRAG,ANE Eé@g?it'@ﬂﬂagit%h‘ig SlePeRifhR- 1 el ABA9s AeNidBity of differing

. offers’the potential for the following benefits - reduced formation and size .
radial goitentridgdkedbavshihatibn cHEHsCHIMERMES ¢ SrexceiBivawrsdiCand! fall entirely
withilarsage to eonediangritpeiltienplemsniaaheonad, deduaecst eiho0ds reduced,

for bit tracking, increased bottom hole coverage as compared to a :
therEbaoﬁ%gﬁﬂBnaﬁ %é)l{r%nlﬁir%?g)rre%fﬁa af%(\’ﬁ%f cu ge?réi’érr?é% gl ¥ t‘?ﬁ%?@&%eﬂ’gﬁﬂiﬁa@nmg out
cutter|igéefsnthé Git. Groegbr ok Of theseardesirabie. bersfitofa@nrhyld Bavaage by cutter

elemeAiSq @P@ﬁﬁﬁ%ﬁh@ﬂpgarpf)mﬂéga@édiﬁgEié)lﬁ};eréHJQ)haf%m@H%ha[Oc%%gﬂuf%%nﬁal row of

with array 113, as cone 1 rotates in the borehole, cutter elements IC-
CUterfEBISES| C-15 of array IC will cut substantially the entire width W1C of
[0085]tha edjacantfoBnadianeA bty G wilfstiing, SWatBrileavine: Tmabun@uler clements
arehol ({) tom. 7, at least between the cutter element.axes. of the o
o R ST BIERA bl Ul G Ay LTk BNy otand posiionng
cuttercaitteerdd et ¢@it ihirbughraCl{bofiessiregotantikpbsitiorietioelagibedyfits - reduced

forma#BQS k0 SACH QlRer (s hedintange-aheveanadiacent culter %@mﬁﬂt?amage to

in array | C is relatively small) such that, in rotated profile, uncut ridges o

cone o srPaE SettEHhat SRl FeusrhiksEanddRy Sihanchiagyergtdotom hole
coversfemaniaged theatghedonkd ofcanayehiial Aswitl aray dinby afedueiged drill life

or potentially eliminating, the formation_and size of ridges of ungut . :
o T et IFE ShaR oL CURe! B agh TERaF g bt 105
drills gmanglidraa@sriC also offers the potential to reduce the likelihood of

[oossUNReRiraie wearmpddamage 8 copR.Lanthine SUisHRAIeMEnts OLLANRs backface
1. 100841 In addition, by offsetting, staggering, and/or fanning out cutter

40, nostafreRTBSELlY tRYSOETREL PaetsrEiTh Un R &5l §OBhBEEN Hubettsp nose 42
and hetemefis 1G] thiteugh, |Coddanmiptissality] ofaidferingetrdial Regitions), éignents 61,
bottorlx%gjéh?u%%g%laegntgn% ttlar}l% E&Eg%fc%tﬁel#%%n%%rsng?ta\{rg%‘rea\%@g}ch%végll'igaeg Bottomhole
entirely within a cratér or'indentation previously-formed by another cutter
cutiereiappravit OF e ay4Edd redueedA thanedingedieingtite gotentidi Tor jtaced-apart array
2B, alkPEKING: FhHIRREBY Qﬁa?ﬁﬁ@g@ﬁﬂ@ggﬁﬂﬁgbs@idé?%?@@gu‘éuc{isﬁ%&ﬁrin a phurality of
... elements 1C-1 through IC-15 for form an array IC, overall bottom hole = -
d.;fferwpéaénwt@a&é}mh that cutter elements 62 in array 2B do not cut in an identical path but
instead cut in offset or staggered paths. Likewise, cutter elements 62 of array 2C are disposed in &
plurahity of differing radial positions such that cutter elements 62 in array 2C do not cut in an identical
path. Disposed between rows 2A and 2B is a circurnferential row 2A" of ridge cutting elements 63.
Like cone 1, cone 2 includes a circumferential row 2D of gage cutter elements 61 spaced apart from a

circumferential row 2E of heel cutter elements 60.
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elements 1C-1 through 1C-15 can be increased as compared to a
conventional circumferential row of cutter elements. 100851 As with array
1B discussed above, by offsetting, staggering, and/or fanning out cutter
elements IC-1 through IC-15 to form an array IC, while at the same time
sufficiently sizing and positioning cutter elements IC-I through IC-15,
array IC offers the potential for the following benefits - reduced formation

(0087} an@f&agg% yRgut{islgeneb farmationdradicet LkeliRoodhof-SXaee3#N Qutter elements

.wear and damage to cone 1 and the cutter elements of cone 1, reduced
of adiggenliaR fof Wit ARG iACRE S 4B REFIReLoVERGE S S eaIFar g adiacent
cone laaXofMyentianaheitcwpiterantisl cowe of suitelk dlomeniginchirereénsgtut does not
. rill life for the bit. One or.more ofthese irable benefits of array,l
el B B S TR RO Y g 40 and
includReferyinG. nowab MiduressBA and 513, in one exemplary embodiment,

|0088} C%%gi.@qggﬁ%@gﬁfm 404 o poeRaRUY AusocoRisH el ter clements 62,
surface 44, and generally conical syrtace 46 between nose 42 and heel

refereRiALE A4S CHISMSENEBhEE2 itithids ekt Afitar Whdhehity dd 2 gage littpeonical

shapelephents Bid 4Rittehitioladuitercelenepte &2, ang odgadutierelenents particular,
3nal reyiou 2seribed. Bottomhole cutter eleme %562 are .

o A (o B b e HE A2 A anifom amoun

generadfysbeaspati ‘aply 30Banheslaststhay EgacedBpdnt adjorCarantlsy includes twelve
bottoriS SRt GRAEAL Y. 2B-A1Q disRRISd R aRinkality ofdiffering radidhneed in a band

positions such that cutter elements 62 in array 2B do not cut in an ‘
810 upgB A TR PRI B "IRE o8 QU T B SV A BE Sl Leamfs? PRUGRR Sa&h fay 2D and
array Eliarﬁ?entﬁ G2nefar pay PErarghdiSplsed @B@a@ut@i%pﬁ‘c@&ﬁz&ﬁﬂgcﬁ@éi&tis 22 by a non-
uniforROSHIONP £4eh. 024 Guer,elements 620 BV, AL 0. BOL P I AMow. 1 of aray 28
identica pat%. Isposed between rowgs SA angl% is & circumterential row

and cugiar eipmieie Kuthi BRGNS 3T aidE coneon; uifend)inphgerbabaut cone 2, in general,
the arghiE IHRIRNIRIIRN 2REHA0SCUIRT RICBE RIS BASRRSH ARBHLTAA 2A and row

. _circumferential row 2E of heel cutter elements 60. 20 100871 Referring to
2A" arp pTARESON A PO APARPIK 11 Hrray 2B of cone 2 intermesh with cutter
[0089] e|Befienity offgjacenheconesytantdoBphoweveniarryn2: does adk 2 are positioned in
one 0&%%%81% W I%Qd%ilgy%gzglj%gn égcgfc%ﬁy,a 5 %9@1'[}1808&% 1 ggig'cht]eLlj'sei melats 62 of array
Intermesh region 70 of cone 2 extends from proximal nose 42 1o, but does

2B (cRBY RyERfaE affaly DOughnAB-honaintepriesd apione 72 Bxesriadidtgepitions; the twelve

boﬂoﬂﬂﬁ@f%@ﬁ%@gggfﬂgQ}Zt%f%ﬁw%qifﬂlgﬁ@gﬂ&%ig@sld@g%gg@C [@XZY ét?rpyﬁlﬁgioned in one
row . ererring again Igures oA an , array Inc es

o i G BETRATE S RS 50 PLraPeH It P A Rl of ey 26:
the W@Iéﬂﬂ@ﬂtﬁ@Bﬂ]ﬂhﬂ’ (Blﬁgh:ﬁBﬁlef amage@bd:n;@z_ laamdizﬂéjaasﬁtmrdﬁfering from each of the
radiaﬂ%?i‘i?o%%%f?&tt%%gg}g 5%9&9'}%39&!%&‘1 & x#ug'&g NERCISS,C9PE 2REMECR e ratio of

array nose row 2A. In particular, cutter elements 2B-1 throug

uniquo padisl RRSTERTUTRIYOSPRCERICaBBIE EBHEHEXIE2D By 40 riwniforaf aptounhole cutter

elements 62 of cone 2 is about 0.27, or 27% (i.e., 7 radial positions divided by 26 total bottom hole
cutter elements). Stated differently, cone 2 may be described as including a total number X of bottom
hole cutter elements 62, twenty-six total bottom hole cutter elements 62 in this embodiment {ie., X5 is
twenty-six), positioned in one of Y, different radial positions, seven different radial positions for bottom
hole cutter elements 62 in this embodiment (i.e., Y is seven), where the ratio of Y; to X, is about (.27,
or 27%. .Although array 2B includes twelve cutter elements 62, array 2C includes 12 cutter elements

62, and row 2A includes two cutter elements 62 in this embodiment of cone 2, it should be understood
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generally between 25 and 30 as best seen in Figure 3B. In addition, array
2C includes twelve bottomhole cutter elements 62, referenced herein as
elements 2C-I through 2C-12, arranged in a band 81b upon a
frustoconical-shaped region or land 48c which encircles cone 2 between
gage row 2D and array 2B. Cutter elements 2C-1 through 2C-12 are also
angularly spaced about cone axis 22 by a non- uniform amount as best

fhat ins%%@r!ﬁ' Floure, 3B - Although.eutter, lﬁmeem&%ér st AAQUAD, 2R:12 OF AAY clements

and cutter elements 2C-1 throug 2C-12 of array 2C are
62). non- uniformly spaced about cone 2, in general, the angular spacing of

(0090 CULtRR-AIRMERENB) BEFRY a@yela@ aBiforaRoy, NOELLNIMB ROWHA 3 same radial

row 2A'are arra ed on ou e 100891 Referrlng to
ros S e P e e R oo s cter
elemepiosifiore®B). dhetofdavensiiicueBadizb Positicts.! Sgectitallyrhadivepesition and

poéﬁggm helescutisr slerents Agfaray §§ {GHEr £lef ﬂ&%eaﬁo& DMK ments of

3-12) are positioned in one of three radial osmons t e twelve bottom

array %%]e Reftener MERtS 6P Btathay 28-{cdlte: él’@n%@nlté share, th G EE! ppyition and

are pc@f@oﬁ&ﬁﬂ@@%|ﬂ1@ﬂﬁleﬁfl&me@d@@@r@ﬁ)@'H@@%ﬁ%@ﬁ%ﬁéﬁ@fefﬁ@m H¥€array 2B. In
radial osmons of cutter ents 6 213 and th ottom

this aganes é’gef?e?r Eh S row Kugg %%? ‘é%‘?léleﬂ)ég?ﬁg ﬁ%@”ﬁ%r%B 6, cutter
elemeptahy-of tt‘meugiaaléﬂpmsltwnsr eidbeticrithbleloutigr Heleats 62nofh apiay @Bngement,

respe @RALATAN R GrdneEeTeigR, the fate of 1R %@&@gﬂspﬁﬁﬁﬁﬁg e (——

hole cutter elements 62 to the total number of bottom utter

each PIEAETHEEDS! Do ipgshagsoutier slrmspts mdiffaing rdinbpesdigons

0091 diRiégaditgg %ﬁﬁé}tabbqﬂaéra B}@}@exﬁutﬂelx elemantsy):. ’,Stc'%}ﬂdzdifﬁer{%lﬁa% #RNQMEe radial
€ aescripe S INCIU ota r X2 ottom. hale cutter

posi g RS i) 45 1 AT O RO HIREF IBFRALTS T s rmos: e

elemeambloutinyelit)(i @uttmzle]smmm@@-s&ﬁ poxtibred 2 dlslohdBaiffecendishgialtion and

are p&gﬁﬁ@rﬁog%@ySrbg iffgrantadighnosiions darpatam, i I'Qofle Suser el %m%pgfements of

62 in this embodiment (i.e., Y, Is seven), where the ratio of Y2 to X

array Zpl RYSIING COs, I MRARIB S h-Array 2 %qr%m#e%ctv%/bﬁ}@reabre?aa@m@m@osmon and
are p&ﬁxoﬁéﬁayeﬁﬁdﬁ&héd@ﬁelﬁmti@t&ﬂaeﬁ%ﬁ 284, ARGHHOW AfvdNelbldestWoarray 2C. In

cutter eleme in this [ one 2, it should ers
this ajgngen a|][r]‘1ﬁge)’}1e€rra %%rﬁ arraé:/([:gf%rw r%‘a;%é %titﬂley SRS r%r#b%? h%t%lﬁ eutter
elemepteentbrieg 26uttendlomerisméy J0090hrRahACihY @rtaip@Bs sitbdparrangement,
respe@IRRE Mhinlardy 2B-4riRB- Zpr%n C Sa;lges&%%ﬁ&?a%a}H&ﬁl&ﬂ%'%aP%ﬁlﬁ%mngemems

and are positioned closest to urface 40 and furthest from bit axis 1

cach (pizal HTABRARIRE dDttRTing dHrertetsT sisay ey difftrerafidmeshipgsg Retative to the

directioB8,c2f Sotatitch 28 3k sharerhe.sameragial pesition and t@@@pﬁﬁl@mdamv 2B
. iralgig eesg %(%ebﬁraé%% 11 and %urtglesgégtrg egl S rfacet A% %l %2351 5C.

P Utter alements OF array 2B ReEMAming cutter efem i array
[0092]2 RUBredeTei 18- El&uwérélmewam@dlaieposﬂmsam, mewmm}etﬂe overlapping

cuttin@%'ﬁ‘@ﬁfzég E{?%@&@P HRARhEUERNelpmeRtsANd oglermastculier glements,of previously
arra’ n
described. yIn this embodiment, width Wag is about 40% of diameter D of any cutter element within

array 2B. Further, the rotated profile view of array 2C, represented by the overlapping cutting profiies of
cutter elements 2C-1 through 2C-12, has a width W, measured as previously described. In this
embodiment, W is about 100% of diameter D of any cutter element within array 2C.

[6093] As best seen in Figure 6, as cone 2 rotates in the borehole, cutter elements 2B-1 through 2B-12
of array 2B will cut substantially the entire width Wag of the adjacent formation. Specifically, cutter

elements 2B-1 through 2B-12 of array 2B are sufficiently sized and positioned relatively close to sach
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this arrangement, cutter elements 2B-1 through 213-3, cutter elements

2B-4 through 2B-6, cutter elements 213-7 through 213-9, and cutter

elements 213-10 through 213-12 each form a spiral arrangement,

respectively, within array 2B. Thus, array 2B may be described as

including four spiral arrangements, each spiral arrangement including

three cutter elements in differing radial positions. [00911 Regarding array
other %, SBLAIQTERIa 2 n-ddjdlent cdfer GicaNE 2 6F AQa5haT e thesaimeskatlipduch that, in
otate gosition and are positioned closest to heel surface 40 (gnd furthest from bit

ALl s Tarmanibard ST O8I SIS Y AfS Phy 9%, BUHISPRISHTEHES between the
indivi&ﬁ}gip@@fﬁerﬁﬁfe )J\alhﬂi aﬁaQZBharaiﬂa&Isam&)mdi'ahpcﬁihﬁhﬁmamd I_ﬂ_{@wise, as cone 2
rotate PISHIODG A SI9SE S P&%é‘ﬁ%‘éﬁx%ﬁ% f@i@gﬁb“%‘%%%%l%ﬁﬁf& 44 L:8ntty the entire

Innermost cut’[er elements o array 5 . Remaining cutter elements Zué-i,

width Yo gliegsat Jomatiahafe g seheeriadiamsosiodbarand dhs pettiegagnts 2C-1

throudleBWEEN dheianermast cuiRl-AISMEeRrts M0RWHAIMIOSeN iR CleMeRisi Ofrofile, the
array 2C. In thjs arrangement, cutter elements 2C-1 through 2C-3, cu

formagpn Auhieoe FET A S-S E BRlt P RieTh i SRR opeys 5ﬁaﬁt%mgh 2C-

12 of entite? @ le mdnts] 2Cx1iBtarailghiRGadi2deach form a spiral arrangement,

[0094].re l%%%&h’c%%’ét | gy a%§&Q%%u%‘éﬁ%&%ﬁ%%&%&%%@ &ﬂg’i‘@cﬁ%&uﬁer elements

_including four spiral arrangements, each spiral arrangement in .
withintyesy cile el emanitsin Hifersh pratiie posinos SoRudeEve teftie halpkaisree while

reducPhEGANGHAIRIIRNBAntRe apital alr angament ob cutien alementimd-3ilments of cone 2
through 28-12 in arré% 2B spirals in the same directjon as spiral

resu e B A S R o B RS T Y oG H 2ET PSR array 2C. [00921

[0095]Still aededoin it Figttite Griperatated/ prdéfiandew: efieer aje2By reird senied 2B-12 to
he.overlappin tting, profiles of cuttar.el n A through .o :

o G R S i 1 TR L o

elemeatn BBdirtupiteividinl e frti GLrnzraYs Bi-didiey 19 dlarspregtter vl8nfeplprality of

differ M RARIAPRWI SR, FbW theihe kaletrd prafileyieny oharai<i: (aBreSeRtesk, 2C wil
by the overlapping cutting profiles of cutter elements 2C-1 through 2C-12,
fll L VW e AR RPN EELEBRE SHIG SIBBHRERE! 28. 2C-

respe&N@@,i%é&fHBﬂteﬂlDﬁ%ebf @iﬁwﬂegahaaofemiw ﬁuttted@lﬁr_f&ﬁﬁt%ﬁh'gﬂ &malye? Gy offsetting,
stagg&%%%d%% Pa%%n%eo‘i@ éﬁttgxl%&érrﬁegts%ﬁoﬂ?oggﬁ ?t-efﬁ g %%Evbﬁ% Pl hents 2C-1

elements 2B-1 through 213-12 of array 2B will cut substantially the entire

througlidtrr 1A/ 2B Rth&CadjisehPrImmaIh cOpBermibs Rren Mt riBidhpqusly 7B-12 and
2C-1 thrauah 2B212 ptestay ABoapasidfficionty-sizad 1 andupasitang ehielatuely clements.

close tg each 22 other (i.e,, the distance Z between adjacent cugter _
0096 S O T EPEETE T AR SR AT vl BRI i o arey 23
and digrenattorandSizehobagitttdy oidsmosyrizigesiofeunobit farmation beéfwestly sizing and

posititnd RERMAY L CHUtSEEleMaNIS i‘ﬂ%’b@%}%ﬁ{( 2B IR eAeast oL B aially 2012 o

eliminated. Likewise, as corie 2 rotates in the borehole, cutter elements ‘
array 2€. pHRY6UIGh ZCeash silriy peswinl éor tha hetiantirgIheniéis ntrdusibiterpagon and size
of un@lith@sadiacamntdermatinr. AswithdbereutiasRlemanis diarkay RRoHI® and the cutter

i cutteifr eleyenéﬁgﬁ%-]kﬁihrog%h C-lzéof array 2%%r% suf}f]i(iientl sized and i
elet 635? iSRS STF all.l, 1}}%? o9 ?Bﬁ‘f fnﬁ’l dpcreased bottom hole coverage as compared 1o a
conventional circumferential row of cutter elements, and increased drilling life for the bit. One or more
of these desirable benefits of arrays 2B, 2C may also increase the ROP of bit 10 as it drills through
formation.

[0097] Referring now to Figures 7A and 7B, cone 3 includes backface 40, nose 42, generally
frustoconical heel surface 44, and generally conical surface 46 between nose 42 and heel surface 44.

Likewise, cone 3 includes heel cufter elements 60, gage cutter elements 61, and bottombole cutter

23



formation and size of ridges of uncut formation between the individual
cutter elements 2C-1 through 2C- 12 of array 2C is reduced or
substantially eliminated, 10094] By reducing the formation and size of
uncut formation between the individual cutter elements within arrays 2B,
2C, arrays 2B, 2C each offer the potential to increase bottom hole
coverage while reducing the likelihood of undesirable wear and damage

elemel®s @NQILAREL IR QY ERE SIRME S BRToRE A desidltingfomcoMact Wit a group 3A
relatively lar e.seg%i’nents,o unc%%ormation. 100951 In addition, by
|

(consiSHE B G S BT RIpHY PRRATRHGPBT CERt e De ih AR RrtPotRgfied apart array
3C. Qiet 2itorcfor il arff ay 2B Back difpeses| endéfitsRCGadith porghio? Cadcd thafatimer elements

62 in Qrpé?)égcd\c(gog Uup}{x %9%5&99&%%%%%% igé%g&e@utéo%t?é&&hs@ é@egB' 2 aad il%rl ;, cutter

cutter elements 2C-1 through 2C-12, respectively, in a rallt{/jao >ditteri _
elemepirifa] YEEIHOAS) 2ih disnasii do diffeaingradititpgtinpofalcimesusieraisments 62 in array

3C donidh igshﬁﬁlliaa)]g ?@m?fé Wil fadlinisgly W%ﬁﬂ@?c%?%tgriﬂlﬂggﬁgtgﬂﬁﬁﬁerenﬁa{ row 3D of
reviQusly-rorme another cutter element o array , )

gage #é%%é*&%é&%ﬁéﬁ@%%ﬁﬁ@&? 55%%%%%5@&%%@%&5??8%%&ae&&ms 60.

[0098] tr &kckenundrurfhgneby dfisdtbirgras i) getipgtiandédrfanridgroehaetierth one or more

cuﬁer%@%&t%r?%? é&g‘{p&% S%Bé%pflgﬁ.(%}fn%%r%g}q r‘ég%%%"ém%%% %%'e%ds from proximal

rough 2C array 2C, overall bottom hole Toverage by cutter

nose gleitefitd FRUdHOtg 2B anE CuTathASudhrD OIrmpshiacraisewties elements of
adj ac&lfg g@ﬂg Qgﬁ@ ?(@@DM@E@#@T@J}&!@H@H@&F@%&r% afchtarRlaMemMs o tzhé t?ree radial
. setfting, sta Ing, and/or ranning o 1 cutter elements - .
uoSOSEAEL SIS0 Soggeing ot e ol e cener 2B
10 backifray ACQpivhiterddstie satmrectimensuffierentBCsizangoamd mpesitiemingyciiitend row 3E,
Thus,%lcﬁx@'?m 1%1%5' Mgfrs% ﬂgtgﬁfa%g %a%f RRY aggaﬁrzlg %CE ﬁh%%?ﬁ%%%s%%ﬁ!g}lt Oé

3
through 2C- 12 of array 2C,; arrays 2B, 2C each offer the potenti
1009910 RshTHyGREAETIS Fidtiticed FTAicrantPsipeludeusis Rotiagbsipfoutter elements 62,

referciREnation, Jesuseariikelinand.oh axcessivgouear anshaaMagRia eaBB®nical-shaped
. an(ith 4(‘%%&&% %Lemeqts of c;zﬂg 2, reduceg ikelihood for bit trackiniq, ]

region AL SR D BT HOTE T VBT g SEToMParsa Ty & Uhventbmafh cuter the six cutter

elemepitscibrfenentigil 3Bv6 efecutteladiesnartsaand dmoreasel drillingiliferfdtthe bikt seen in

FigurOfE A05e iRhNeSR AR IRRIGRERLUR.Of AHANS @B ASMAY BI88) a5 clements 3C-
increase the ROP of bit 10 as it drills through formation. 100971 Re?errlng

b thropsly 85 Biyureenend dRck 7Be oRé 3nAe g destrseRibsepsth sagiagor land 48c which

encirc%ﬁ%&'@béi%&@@g%ﬁ#ﬂ @IQI &Lff@ﬁ@ 44, @6@%)@&@'%%%&@?%wiﬁ&ﬂlsﬁxbout nose
etween ngse. 42 and heel surface 44. Li ise, cone 3 jncludes hee .
2. T SR B0 B4 Eek S MM i L BRU G RaFo g one oxis 22

non-uaiénrmimt@tﬁz,e@hébf pneu]adosbp@e@;bﬂfiwdn Bij’tmmﬂemwr‘oetesgenhs 162ure 7B.
(01002 R ALARORI DA F P4, {SQVSISIRG Q%8S NAIS INSEHD.2D gxially é S{Fe}?ositioned

spaced-apart array 3B, and another axially spaced apart array 3C.
In oneRl HBRHIEIEYIPHARP SO ATe thepESE iR hACrARIF SBSmiGHESIE ndtarray 3B
(cutte€QliRlAIE PR N B &R HBBIA YR BAaiRlGHR: a1 lepicatpathdaul Nsiaass. Further,
the t\gel:'lrft)(? | %%E)glrhsc;%gg.let{gde%%g%k %ﬁng)ﬁ g%é}g’:ltée&utter elements 3C-1 through 3C-20) are
positioned in one of five differing radial positions that each differ from the radial positions of bottom
hole cutter elements 62 of array 3B. Still further, the single bottom hole cutter element 62 of group 3A
occupies a radial position differing from each of the radial positions of bottom hole cutter elements 62
of array 3B and array 3C. Therefore, the ratio of unique radial positions for bottom hole cutter elements
62 to the total number of bottom hole cutter elements 62 of cone 3 is about 0.33, or 33% (i.e.,  radial

positions divided by 27 total bottom hole cutter elements). Stated differently, cone 3 may be described
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elements 62 of array 3C are disposed in differing radial positions such that
cutter elements 62 in array 3C do not cut in an identical path. Like cones
1 and 2, cone 3 includes a circumferential row 3D of gage cutter elements
61 spaced apart from a circumferential row 3E of heel cutter elements 60.
[0098] Referring to Figures 7A and 9, array 3B and portions of array 3C
intermesh with one or more cutter elements on adjacent cones 1 and 2.

as incllBHE 4 WRIMERBroaI QR it Ph GORG REIRRRS 3N RONMANARA 460t hole cutter

and includes, cutter element 62 of array 3C that intermeshes with cutter .
clemegty freiits Bt FRFALERESHES T dhdPE e tittePiEAIEME 62 b PArYaydHEerent radial
positith@tnawe Psitianatiainbaiyont thethires radialitrositopachsashioRibexisent (ie., Y;
.22 of cone 3). Nop-intermesh regign 72.extends from jntermesh region 70
s i L H e GIAnEALS BT ADEE that do ot
[0101]infegaesry soey 3B anterelvamts Theisthcorss 3BqClefdesvi® sepiaratiements 3B-1 and

3B-4 HEAYScAHAY 3RARG:RIE AL VIR IR TRSH 189N A dOPPAN furthest from bit

Referring again to Figures 7A and 7B, array 3B includes six bottomhole

xis 14 fiter YRR BT FABRSRCRPREYeTR as i elfTecas-Ain sy s ftre the same
radial podngeshdua basitbBRbclinen @ Bustaconiaalrsitapesioteionerdangi48h, innermost
which encircles.sone,3 between. array 3C ro A. In ticular, the »
et n arte DI T ROUER S an gty SPOEAPSBATT Epp poiion
and aggpeARORA PEUNHET MG IrsThess cyerelPmFigured 7BteAmey @@dneldesgs of array 3B.

In thifeRihitomhele.cliehelements B, yeferencedbaieings §§-m%§1§hc3}3~6 each

| through 3C-20, arranged in a band 82b upon a frustoconical-shaped , .
form 3 SPEh PRI RS HITCH “BreittiBLEBheD BoRvER AR @Rsoatssabrd as inciuding
two spitdadihetiony 3dcissatranged emeanldncdda: abeutaaseedhelts in differing radial

. .gr%rticular, the 20 cutter elements 3C-1 through 3C-20 are angularly
POSIIONS. . .

spaced about cone axis 22 non-uniformly, but generally angularly spaced

[0102]ph dtpgaedine>2aAd 20 apaer ateperts sEen.idEguie-1B. 40180} Referkngdcame radial

po sitigﬂ%ﬂedl% ;:I&%WH% %) %V%Q@QQH‘&J&Q!Q zﬁa‘dtﬁftﬁ\éﬁrﬂ%ﬂf(%i@gng 1010@.%. ,?b@tre@most cutter

positioned _in one of nine unigueﬂ radial positions. Sjpecifically, the six N
Slemeis S AT R CutteF BISHIBRRE 65 Of Araf 35" feu At Ciet SHE: Sbs- satps Geilji position
and - a8Bpb}idvecdoditiened ibimeasof thise tiffering sadialpesitessid drthehndhtost cutter

e t le cutter elements, 82 of array 3C.(cutter elements 3C- oy
elem%o%éﬁ%é@é)@?ﬁerp%%l i%l#e%’{?ﬁ' ’(?r%%%é |v1e%ﬁ?é§r:|3r%lfgg[?§{ epogiﬁ%rﬁg Ii%all%i position,
cutier ehapealiffEe froth - th&CradiabpeSitiGribast etteme tdld potterrelemertdseafiC-4, 3C-

9, 3CadandBe Jtilfueher sthe singlofattambolr guliss BlementRd of:aRk B3 Anermost

oicu ies a radial position differing from each of the radial positions of
S SO h 1A QU BlEHEhEEE6r APy 3E-anld g $CESTrBrette, terents 3C-!
througatio: af umigrielsadiad pOsitibns:faroptinuheleletiters clemertisoGd trthe, and cutter

tom hgle cutter elements 62 of cone 3 is about 0.33
e A e SR SR A P Yo s
array dfemehtey. Istanbeddiffarendinecone Piraaypeadesoibedthoapiag imotngimyrd including

five cl@ldNHBRE iR REAGHAMI RIS GHICR QleMERH O 2ir WRRAYrBUERIRIBA 80, the spiral
bottom Eole cutter elements 62 in this embodiment (i.e., X3 is

ArrAngEmaTh PS SURH) SISBERd AEa T EHE L V8 Hiftient Fathisfls m the same direction as spiral

arrangement of cutter elements 3C-1 through 3C-20 i array 3C.Still referring to Figure 8, the rotated
profile view of array 3B, represented by the overlapping cutting profiles of cutter elements 3B-1 through
3B-6, has a width W3g measured as previously described. In this embodiment, width Wag is about 20%
of diameter D of any cutter element within array 3B, Further, the rotated profile view of array 3C,

represented by the overlapping cutting profiles of cutter elements 3C-1 through 3C-20, has a width Wi



positions, nine different radial positions for bottom hole cutter elements 62

in this embodiment (i.e., Y3 is nine), where the ratio of Y3 to X3 is about

0.33, or 33%, in this embodiment. 10101] Regarding array 3B, cutter

elements 3B-1 through 3B-6 of array 3B, cutter elements 3B-1 and 313-4

share the same radial position and are positioned closest to heel surface

44 and furthest from bit axis 11 (i.e., outermost cutter elements of array
measu%)asq%%tﬁi? B@Qﬁﬁe@l%}%@@g&%&%%? % RN 5@‘9'%’? Hﬂﬁ{gf%p@%g arry cuter

are paositioned closest to bit axis 11 and thest from heel surface 44 (i.e.,
elemeﬂ’ih"’é‘ikﬂﬁ’cfg’fa‘ééﬂer elements of array 3B). Remaining cutter elements 3B-2
[0103] ang Bassssesharegtfae ssamedasliakpesiiar tﬁﬁléhal@ pasitignedRemeendhe 3B-6 of

[ tter elements and ou ter leme IS of aray
Y fhis's arran eurge%ﬁ hid %Lfttgjr eﬁlétrllrleer‘ﬁ}s&%{gp roug tofkter> pec’flcaly cutter
elem@@‘l@ﬁ?&ht@@%ﬂ WL@?@&B@ eachufforienty syl %mdamg@medtrelatwelv close to each

other [ESPREUNGIMIVARDARY BRerk B AEYAE 5@@%@%@%%&9@\% Ss,mall) such that, in

including two spiral arrangements, each spiral arrangement including

rotateqy, profiler s ENERAEPRSAR GTFFE rRigeHERS) Vﬁt&%utﬂsn%dm@]%afﬂﬂmﬁl@hawwn the

indivi@i@] cutier SiamentsHBC tiaghGBE-3 and SC-16ahake hessamaradialiminated.
osmon angd are pasitioned clgsest to heel surf. 44a fro

L AR R R S R e A 3 vt o

Substasﬂ‘;ﬂﬁf @@@W@S@dﬂs Vand3t:2dj mtéwh@@@meﬂxm‘dléi esititer emokateof array 3B,

the, cRRPILRRBALCIOSESLAQ Bt /XIS 1ok and furthest fram igelisu fﬁﬁep%‘kt(&?ed such that, in

innermost cutter elements of array 3C). Cutter elements 3C-2, 3

rotateds B, it B8 RAFe St e R IR G5 TS Eﬁfféi“élé?ﬂ’éﬁt%nﬁ@émween the
indivi3@8uBCekheand G@-ﬂ:ﬁ)ﬁ@ﬁl@»ﬁ%ﬁ&ﬁh@ radidpositionsitiarti ale B entfted.

3G4 % Cil4 1 the same radial position
0104 )
o ]ger?erra Cnﬁﬁﬁtlo e v%ré%eﬁlﬁﬁé%l%ln ??n%i%n%ﬁt erd tegne%n eenofrl‘e dividual cuier

elememat‘é’ﬁhf@%mt@e?&m SBaR@yBToffetis norerigbmentcastistion hole coverage

while ?é@ﬁ@%%@@(éhﬁaﬁal@*ﬁﬁgsﬁb@é‘%&%ﬁ%m%g% BotRrough BCs1 CHlhs of cone
elements 3C-11 through 3C-15, and cutter elements 3C-16 through

2 resulRe SRR LORRGTRHIt %%F%Yr}%{ﬁﬁé?ﬁ‘@ﬁ?“r ek uRatiathin array 3C.
[0105] T sddaisay b3 Cifsaynaesdegerine cralbontiidingoio wosg mdatmngementsich 38-6 of

array SEGHSRIFAL 2iTangenent md%%%'va u“%fce{ g%ts '@td'ga%““ JAAl ents 381

pOSItIOI’]S eIatlve to the iIrection of cone rotat
throughy i e PHIST clfmeantsl e ritg @EB- 1R ugiraEv8lin mrﬁagiwmpwérﬁﬁhring radial

posmmg spngdirRelion.amsrifgh ArBgeMeRE ofptiteralamants 3&-3EANe endrely
3C-20 in array 3C.Still referrmg to Figure 8, the rotated profile view of

w“hma?r%?}%‘@r FSPAIPHBRS Y3 A BB TG R TIER Bf Bttt B, 3C. respectvely.
is lesegmetseB Bifcthnoulgh p3ita:a), Ift&SraiwﬂﬂibeQch%a&U r@ﬁh{iﬁrw aviQusdyventional

c1rcm9t%§e%ﬁgﬁ%\!\) “ftéllﬁe?%%) Oéjﬂ{n% %‘te fd NWSB | abgu %O% I?E[pn%?lgthfs Ofgurther by

any cutter element within array urteﬁer e Tota pro e vie
offsetiipgajraperingpradientenning v ma@mw&mghmme%@ gudtewtter elements 3C-1

throud SN0l HREOMAR B CodtlaBaB 2 WIBRIMIRG:s 2B MBRASWEERS and 3C-1 through
revipusly described. In this embodiment, W3C is about 150% of diameter

3C-2 ok gﬁ)}nemﬁig as compared to a conventional circumferential Tow of cutter elements. By
offsetting, staggering, and/or fanning out cutter elements 3B-1 through 3B-6 of array 3B and cutter
elements 3C-1 through 3C-20 of array 3C, while at the same time sufficiently sizing and positioning
cutter elements 3B-1 through 3B-6 of array 3B and cutter elements 3C-1 through 3C-20 of array 3C,
arrays 3B, 3C each offer the potential for the following benefits - reduced formation and size of uncut
ridges of formation, reduced likelihood of excessive wear and damage to cone 3 and the cutter elements

of cone 3, reduced likelihood for bit tracking, increased bottom hole coverage as compared 1o a
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element within array 3C. 101031 As best seen in Figure 8, as cone 3
rotates in the borehole, cutter elements 3B-1 through 3B-6 of array 3B will
cut substantially the entire width Was of the adjacent formation.
Specifically, cutter elements 3B-I through 3B-6 of array 3B are sufficiently
sized and positioned relatively close to each other (i.e., the distance Z
between adjacent cutter elements of array 2B is relatively small) such that,

ohaiiRd REoflR. & OFnRtiom and 8z Ol ruiting x&ffa%%?{féi Y

conve. : aigeihiass 1t rHator more
formation between the individual cutter elements 3B-1 t f

f

. . roug 3B-6to _
of theggdesiraplishragiiiecd BFainStadtiampenlsiiriatesse theehifeohbicéhassit drills through
formatietates in the borehole, cutter elements 3C-I through 3C-20 of array 3C

will cut. substantially the entire width W3C of the adjacent formation. As
0101 RN BIBRURS A Sef T, REF SRR RV G 28 nd
row 23Cafd mfm@}l@@vi:ﬂ‘ecsnﬁlf &:imuﬂyegiaed}aﬁiﬁl FI&ISMGKSUW,&M&}J 2B of cone 2
interfQIRIEGiRr Qfile, thedrumation and.ize-qf setting Mﬁé%e%ﬁéé‘i%ﬁﬁ QY %CH&%M array

formation are between the “individual cutter elements 3C-1 through 3C-

3B angpapy R3Sl fadhmetray 3BrSema I eTnaThatetitl oru4 by setigrsivy lhand aray

1B, ad@imates | h@@dﬁ%ﬁﬁf Iidm&ffa%éfﬁm@gge%eﬁsﬁj%éegﬁﬁdL@slo intermeshes
.. cutter elements. within arrays 3C, arrays 3B, ch offer the

it e R R Do o e B SRR o g e 1C.

and irmirund@siﬁai&le_cmaz hﬂdz@amag«_a% amh_erﬁmﬁdilh@kms,ttmlémmwmﬁmys at Jeast

partiaPOHE i el ifcgﬁ) b 5901%"’&% ?&W&lyoﬁg%sﬁ%%%gt ngf 9 tartiai] 7 in non-

_ formation. 101051 In addition, by offsetting, stagégerlng, and/or fanning out
intermeh &8 Me AEMABIL S UTgh SEE b Giray B8 akdsRterEe RaAtermesh region 70
(arraytEEMgﬁ};\@%@fﬁ?ﬂ%@ﬁﬁﬂ@&@)‘%ﬁﬁjti%”{@ﬁaﬁgu.%@f ;é%@ﬂ?ﬂE%&BS::has_ two arrays in
. through 3B-6 and cuiter eleme -1 throu -20, respectively, .in

e TR B1 MG A ‘BRRHors) L TREIRBGE AT MR paom hoe
COV@rmﬁemmgi&@n@}MﬂWiﬂ Brray3BA 3Gl 4athentBeBB viithima poatensost 3C, previously
descriige r]@ﬂ&ﬂif?f%%%b’ %E%{&%,béﬁ%{b%ﬂa? FGHRY &L%eip&g ftf'ig rﬁYeﬁ%sﬁ& 'region 70,

re%)ectlvely, is lessened, thereby offering the potential for reduced bit
substaptiall qgosahelsRpvagets AeviHse il ChieuRtfefBhPariow of sume?C. Gage rows

1D, 2elements foadiand:io Eweap-along suhsiantallyibesane Q@Uﬂﬁ@ﬂ:bﬁtﬁ@é\;aﬂ 5 and
offsetting, staggerin /or,fanning out cutter elements 3B-1 throug
bkl i S e JE T A B0 BUEr P Borm hole
l0107IcRadeatyes by Eister HlethentsisB stitiroughB3B8-andBE irdfitough c8G-20the cutter
elemefRMHOGIINGFEASSA A5 £QORANGH tr%t@t&?{h\(@@tk‘?ﬁ%: [GHNsraRiiakraw gL "composite

cutter elements. By offsetting, staggering, and/or fanning out cutter o
rotatel RIRERE R 1 SUIPREE oraapreBlarie tuthero ki ah e giements within an

array thremghs3Geat ofaway sChwbileriap the Gamentimesufficiently shaingapekitioned on
. sitioning. cutter elements 3B-I through 3B-6 of .array 3B and cutter
O« S RS o B T aY A By SR BRGFH shovs e
borehpiotenitatforitedaiwing bencHitinreduvediormiatiGh ahthisizecofplameigmbodiment,
array HHGEsALAIMANAR e deed likelibaed.qf %?%%Y@ﬂ@?ngpgoqmg%égveen array

cone 3 and the cutter elements of cone 3, reduced likelihood for bit o
2B ang srigh § P 488Y Ho fhorAsfiiset dsersgeiae ot disorg® 24 Each amay within

intermesh region 70 is generally positioned between two arrays, or between an array and a row,
provided on adjacent cones, thereby permitting sufficient clearance for the cutting surfaces of cutter
elements on adjacent cones that intermesh,

[0108] Referring still to Figure 10, although each array is generally positioned between two other
arrays, or between an array and a row, the cufting profiles of adjacent arrays and rows on different

cones partially overlap within intermesh region 70 when viewed in composite rotated profile. Such
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26 conventional circumferential row of cutter elements, and increased
drilling life for the bit. One or more of these desirable benefits of arrays
3B, 3C may also increase the ROP of bit 10 as it drills through formation.
10106] Referring now to Figure 9, array 1B of cone 1 intermeshes with
cone 2 between array 2B and row 2A, and intermeshes with cone 3
between array 3B and array 3C. Further, array 2B of cone 2 intermeshes

partiaWiBrGRPR L PEHYRER SHAY AR AR v CuiANddMEIRERDSR WD LORRS! withour
don

_ between array 3B and array 3C. Still further, array 3 cone 3 _
dewrimpeiathy AERRIN G HACEHINE ITRRRRGERIYTONINT WU Giamels ehrdiagant cones as best seen in
Figurdi®termeshes with cone 2 between row 2A and array 2B. Array 3C of cone

3 also inter s with cone 1 and.cone 2. Specifically array 3C
o100 e T P S T B Aot s and rows
withinpsgmmeshesgiwiti € eh deachbed ebevarrdye Bicwel dm sy sikhusated perfikasidges of
uncut INARHEYSALIRRSE RAstalyIRJNisHMeshLegioRAAaLray .l Branda PRIIGRS within

of array IC), and one arrﬁag; partially in non- intermesh region 72}%emain|ng

intermesh FBHB S A RETVEBAL S HALTENS AN AP RlteiseslsregivN o0 (aeyesh region
70. IRB)pvandienestlay ingpminel Meskdeginee b{RIENL G) cbapbiConged profile, of
the adi@e Q. A/1ays I '”&%ﬁ{“r?%rt‘e%%égr} 20 (ajray 3B and array 3C). Within e
intermesh region 70, Substantal bottom hole coverage Is prowﬁlgdv%y
therebeviesm Ahergby 3utTeriet peaprisnsial 1fer 2R3, boitbpontinepHa®, while reducing the

likeliHRMR\AOMSIXiBRCHBEdnINuRaRsIte BReshad g aion 2, Quisitle arradially

distant from the intermeshed region 70, substantial bottomhole coverage
P10l BHSHAS By BrfaFeaE,; FCOIRITBroGR ay aitayiew. LS ipsaelipor cach amay
overladPwanh3bigiep eralli cdtihejeameargyaf-tie horelale ot HausoaUt &pecifically, the

._portion of sidewall. 5 and hottomhole 7.,Further, heel rows .1E, 2E..and .
e B ST D7t Rt & EIBEtRg i hing ot
of arrgsRihéptuitaicdhe andinmrrodlewlisnpprofilesiptiraatbndb.tie cuttieg profile of array 1B

inters@B MRS Rl SRIEBICRRASSB 2 BlierSRAWNIORIRAIRNO R SRAUL PIRIS intersects the

. termed herein the "composite rotated profile view." In the composite ,
CUSHInERERELY (St i tHISTSRAEABYY of CHIHEH fiin UTiES SRR iy raety extension
heighisvehovenciasnwel-aswhizfine riaprot diffekenh1oms Ao akrajstthataxeliment shown in

riourPPSItioNed on iffere[ Lcones, conseq ently. the composite rotated profile
Tt At Elbors T GROA B oVerle VR 8 Bugal g 2. 26

1B, 3B oang/Temire i ehaieetdh seuton eloed i exenmplalicéthbodifiabnterarray @Bifg profiles

of adiSQAEEAY PARIIPNEFLEMRRB MIAY BforRRaNEN LR ANEYBISyY 28, 2 cutting void
sitioned between array 2B and array 3B, and array 3B is positioned

0]

V2 FORRERATS T8 ARTHOSE Tot YA B8RRI TR eSh By 3B, and 2
cutting @dsl ganeralybpositioned bstareentwWol arkays cotiae vee N afraipayvamesa depth or
heignf Q1Y ofAMIFeE, A adiGeRt SORER D RISRY PRIMIIRASHIGIONt S80S, point of
' fOIj the c ting sur aces_o cutter e e_men S on a‘Jacent cones a .
InterseRtehedoUED 10 gesreereriin gl Sl el ikeof QuainE oith ‘e de Fhadisiprise perpendicular
to codenefailyposiianed RSMWERRIBNO ANekfined by the extension height E of any of cutter
eiement in array 3C or 2B to point of intersection 1) of array 3C and array 2B. Similarly, height H, of
cutting void Vs is the distance perpendicular to cone surface 46 measured from envelope 101 defined by
the extension height E of any cutter element in array 2B or array 1B to point of intersection I, of array
2B and array 1B.

{0111] In the exemplary embodiment illustrated in Figure 11, height H; of cutting void V, is about
25% of the extension height E, and height H, of cutting void V; is about 45% of extension height E. In

contrast, conventional rolling cone bits that empioy circumferential rows of cutter elements within the
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arrays, or between an array and a row, the cutting profiles of adjacent
arrays and rows on different cones partially overlap within intermesh
region 70 when viewed in composite rotated profile. Such 27 partial
overlapping of adjacent arrays and rows in composite rotated profile view
is permitted without detrimentally affecting clearance provided between
the cutter elements of adjacent cones as best seen in Figure 9. 101091

. intermREMRIEIBE, %{%tﬁ&égw@rﬂg%@& %Jﬁagés O (R RASHORINOLARA ARG rofiles of

. of arrays and rows within intermesh region 70 as described above, when
adiacpiehBt th COMPBEIS RAARI it AR lisehicte #hatofi o tgrigids formed
by emoitisftnaibioln deedvieamadiaceint atsaysOfCiiies elareemisavillig cone bits, the

._dntermesh region 70, and between adjacent arra d rows of cutter .
i LT R B st A B BB i of a0y
cutter gleghealaividly/ lode pbsitivendry Hrsaoemposkatinot tedtipgofiles bitsthiee cutting voids or

ridgesROIAGRNE FEFANE AN ILQUS WIRIR INEHPSRHEYIgN AP EEAULES tBE SIA8 Ofiements in
cutting voids V that form therebetween, thereby offering the potential for

compris dgieisd BERBMPHYI S EBVEFABE SIS PRUIEISg th e TieSliobE Bftension height of a

cutter erdegirable wear and damage to cones 1-3 and the cutter elements of

!(}112]C ¥.erse ﬁc%\:;\z/% %I%‘elge%ﬁ%? Erginﬁ.l&%%v \ggi?fslq}l %%rjwjéézgn Oaryél)l?%%eﬁfrs? g.%t gr rows of cutter
profile view; the cutting profile of each array overlaps wit € cutting

elemepiofffatuiisneadjdesmbadragran rofferatha poimtiof foterseution tot®pebificalyerage and
reducdBQuBHBINELPIRHS f-AILAY Ad B&%@eﬁ%ﬁ'@%%&%ﬁ{&ﬁ&%&w RRALH of each

. intersection |,, the cutting profile of array 2B intersects the cutting profile _
cuting Faitayr 5 UL TES IR LAY ritiRrdrablay s BIMEITAS Hfeextension
heighcBibingnprofite cbasiaydhabiteisecionddhe eting poofiler efastaysi height E

intersects the c%tgiglg profile of row 2A at intersection L. Further, the cutter

f e : : : o
o A element with the greatest extension height within each array or row

[0113]d Sfphssizeh agpveto pegior thatthersiy owtroveldmente 6nbbatimeRBstidiastiigly define the

rotatel kngﬁ'eJ& aﬁ@?hﬁmﬂ@i&}%@%@t@g Jﬁﬁ@r%}@ﬁéﬂﬂt@”}{f@}?&?fi@ Q&xnie Hﬁ';l Ptated profile
height and thus arrays 3C, 2B, 1B, 313, and row 2A share the same

of arrg, Vi M6 C AL ST EETIPRS G0 AT TSRS Ihe dRief proflsogrray 2B, and the
twentadiaee nleatsaysand/at10RS dartisttirormaiel \Arédnnsthetwern ar@nsGiRnthe cutter
ray 2B, a cutting.void, V2 forms between array 2B and array 1B, a ;
e B o R oy L B e AT RTGUGRE o 24
defmathsfopipishamoiide afaray23B @ dirom putEneleoantifg voigraun YArdefired e rotated

profild3s @fepih onmhgighiphibrenoh Hevmeaskied ReRERAIGHALLY he.GaN8w cutter

surface from envelope 101 to point of intersection |1 through 14, o
clemengs 56 RSP S, WiGFPTET GERERAUGTH VES & YHABIG (iR iomhol cuting in the
regioprpedtielyladjiceaonesspy fater4femassored kg anvelape dledagefingder clements

py the extensi [ E of of cutter element in array 3C or 2B.to
O e o o1 By Se T OB Gt S oenven e
cutling pRgi v elcrVaces tthsadisiBnun pBrpéidiou karas dbnwené daerdalinvestsuress 2B and

3C inflQMpREVE IeRR:d Bl ARIINRA bYuibefxieRsiIgn BEIGREE 10f ANYCHHENy cover borehole
element in array 2B or array 1B to point of intersection h of array .
bottom 7. As a result, 4 relatively small amount of uncut borehole bottom 7 exists and few relatively
small cutting voids or ridges of uncut formation will be formed between cutter elements 62 within an
given array (e.g., between cutter elements 1B-1 through 1B-10 of array 1B), and between cutting
profiles of adjacent arrays and/or rows in composite rotated profile (e.g., between array 1B and array
2B). In some embodiments, the spacing of cutter elements 62 within an array and the spacing of arrays

and rows on adjacent cones may be such that the combined rotated profile view is substantially free of
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2B and array 1B. 10111] In the exemplary embodiment illustrated in

Figure 11, height H, of cutting void V, is about 25% of the extension

height E, and height H2 of cutting void V2 is about 45% of extension

height E. In contrast, conventional rolling cone bits that employ

circumferential rows of cutter elements within the 28 intermesh region,

may Yyield cutting voids or ridges of uncut formation between the cutting

. Profi fr.adi | k ed praofile that.are significantl

C e o L o B R it s e
of cuthageipidizor instance, in some conventional rolling cone bits, the height of

011412 RetEAGYQiAiaNFidgaRf LNkt fRrpratianinay.am0ash MNSGOTt8ed profile view,
extension he.ll?ht of angI cutter_{ﬁlem nt on,the bit. In other words, in some

e2ch A ARTENAITOiREREOEBIRE, The WktRigNG RGP T8 SBRRIEO™S of an adjacent
cone.fcﬁan‘aﬂtanqbeﬁwaeh&:qftme&@mgiap@ﬁbﬁh ofvadjacéntie®aef awierB of cone 1, array
1B of@%?%@}ﬁpgmﬁ!{? B@@QQRQ BO%HS @Wﬁ%ﬂ%n%%gg%%{%ng}ﬁgne 2 overlaps

.. cone surface to the extension eight of a” cutter e emeént.
with g Ringf fr8heiRErES ButfifrneoidEv dsetorcfiv et any deayssastifprdetermining

the rdiQIVS A CabieinelEmaeatsy embosimRpis deasibrd.Releinraliek theqpotentialiface in
fortenrgancged gottom hole c veragfg%]d reduced wear on the cutter ,
COMPRIEMERTS A Loned 1R 'SREBT DR SrhGEUiRTATRE tHE R bP estigrping arrays
or roweytingeddierah asthieweellap coimpositeyroiatedditBfilecriaprefarablylesst overlap O,,
. 0 i ight cutter eleme n.the bit, and
e R L0 U SO AU 0o o
OVm%H%%Wﬁe%t?(@@&@l%f@?ﬁn@a@éwt@@@@lréfl@{etﬁ@ $decdmdhe embodiment

ilusretememss2 10f aiwapidBaalieatvelyodsfinadhs iotmiad:peofigahariay sBoverlap 0,
Like\/\gsie aéhe t§§1 cutter el%gw%illts 62 of array 113 define the rotated profile
T

1o diagF ey 1B the thefe ittsr BIBAENES 6567 AASToBHEMNE Brarpefasder ereater the
overlgyrofile eftarrayediBseanartie rwentycontiedielementer6 2 of arrah3 Ghadfinge height H

f cuthBarQ) refile of 3¢ Further, th cyter, element 62 of group, .
o e s S e o e LR Lo i
comppsiy sxadfrRiind r diamsplofedr rowe Alearaithatiindheutwsriepeing ntrggs/rows is

prefe@bigrauidA definemiherotaied profiensl grewe:3hetn 1013 emMiedim@nteitin some
embo'ﬁx??e\é{%% é%@gtig sr%{tlggiglabn'gfl‘%fl3 glur%ber of mnser rgw_ c.utter elements 62 le 1o di

R EIgt T TS SXSHh BTy B AHTh &R WIe SV A R R HHIHRENRle to diameter
D of mrtavigeirelthieentegivim immecdiatelyaajacentioigagerautier 4féments 61.
geus;ggﬁtgl%regé}fﬁﬁbﬂ? ev&HARPLReTSlements) gﬁd"i’it.ht'% %%ﬁﬁc%ri{?}{o}a%e%’ profile view

, 3B, and 3C as previously described, as well as the overlap between
has fenerefaittily rokisu G upidehrtreyacsBantnd Beeldjadars 4rdyeulin dngrmeshed
regio B) afichasineemaisaysc2a aﬂdh@?@j}ﬂé&ﬂﬁﬂ@ﬁié&éﬁ&l@ﬁfﬁmﬂq (VI8 Wack, increasing
bomr%%tlgr elements a6r2 é)f cones ﬁé}ﬁggféam'a"y' cover borehole bottom 7. As

& Tesult, a refatvery smail amou BT BOYERGHE BoHSHEKienessgnd/or cone.
In otifeverdledivehys. the composite rotated profile view may be substantially free of cutting voids
between nose 42 and heel surface 44, potentially reducing the tendency of bit 10 to track even further.
[0116] In addition to offering the potential to reduce bit tracking, employing arrays of bottomhole
cutter elements 62 having differing radial positions may enable the use of larger more robust gage
cutter elements 61. As can further be understood with reference to Figures 4A, 6, and 8, a rolling cone
may be designed with more or less space available for the gage row cutter elements 6] depending, in
part, on the spacing of the radially-outermost array of bottomhole cutter elements 62 (ie., array of

bottom hole cutter elements 62 adjacent gage cutter elements 61). For instance, if array 2C of cone 2 is

positioned further from gage row 2D and closer to cone axis 22, or if the cutter elements 61 in gage row
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small cutting voids or ridges of uncut formation will be formed between
cutter elements 62 within an given array (e.g., between cutter elements
1B-1 through 1B-10 of array 1B), and between cutting profiles of adjacent
arrays and/or rows in composite rotated profile (e.g., between array 1B
and array 2B). In some embodiments, the spacing of cutter elements 62
within an array and the spacing of arrays and rows on adjacent cones
t I tated profile view is .substantially free o
D e MR S ST Do o
row 2bhalp¢rraredsracsdod esevibaiemeatsatl cumines Visidse [012rgd Risfestimpnts 61 having
larger 2g@teAQsFio@, 1ih angids: neevipushudesgipgdiain l%pgl@% refgtethserts of larger
i rofile view, each array and row in intermesh region 70 overlaps with one .
el TG SPAPUBFIONS SPE A APENbecBHE FHThERnehie ) Giibfomer cuting
capabiipiee 3 cveniaps withcrowRAeoirconheR Aind dreaydB«f come dieaiday aldof a single,
;@f€ne.1 overlaps with array 3B of cone 3 and array 2B of cone 2, and
array 2B of cone 2 overlaps with array 3C of cone 3 and array 1B of cone
0117]1 Frfber difrdsretrssdenivriniay the nessivsicabbgate eriairmlsgetietrativiofithige the use

of ga@Mauet eleparap (hofioy AARRIN G ALRLANE AHAY SRIFRAS ALINRCARG able cutting
surface in, co pﬁogg% rotated Proflle view. to the diameter D of a cutter

Shape R BniSrPA it SRS BVBHER Y AHiSYE! SIRED taHn LA YS g the width

and dégverla vediby) Aerays 3Bagd? Buove dminytan lasoundiet oxerlae Qarest array of

bottorREERY SudE: %anélﬁs%ﬁegk"ﬂlp)éaﬁ% %gh%ur} 1]:1695\/ Elrel: 1t0<%’31a UV Brr%rllg § itude in the
_.overlap by an amount of overlap 03, an array 3 over%’ps with row

PoSUUPRINGP R FIBUFHIST S\FaMaR 64 renthve wrillsduiieinie siflgswlitd i -Riggreinelgither higher

or loviBeotaiie Riloveriama ke dinmeiePdsabaut-40%eA0¢ the At Ot QUSHAR on the
cone 0‘1:1 to diameter D is atigo { 38%. Ina%eneral with asgllven cutter element
S

AR JB GRS R FE P H S BT T o sty i 1-3 may aiso
be mmgg@%mm’.céWmMngrma@mMHe tﬁe\aizéh&usmmlﬁtaﬁlﬂaeheégmﬁomfshape and
marer RSV QIS M0t uASULfarmatian, Thus.dhe %ﬁ%@enf%“&n*@ R and from cone 1o

adjacent arrays/rows in- composite rotated profile to diameter D of any
cone, (shidEle MRt RitrsiRethETaReTREbi fglaremRIFN SUsngrefefabIgf gheagege row cutter

elemeti@an 10%, and more preferably greater than 25%. For instance, in some

embpdiments the gverlap ration hetween adjacent arrays/rows in ,
f‘“”?coﬁ*ﬁg‘é“sﬂf?etrat%fé’a%%%%%&if%ﬁa%ﬁﬁ%f% yRTeL R AR gy ters 13, 1t

shoulpbe lda}pmﬁﬂyeér&ayﬂr(_}iﬂfs_rmtgmht@ﬁrﬂam, 40%s [0 dbltretheeaemplasifset, saggered,
fame@_%%'%ﬁﬂE& QQ&&%A&&@ lf)rfec%&g ngglejr&s),tgg R0z 'ﬂ%r{a%%e?}%%gg%g emnployed in

. view has few relatively small cutting voidS between nose 4
rolling s SAbHTBR PR Fiteriieshed RSETorPTO EFhJn-iPreTidreshansegibritom hole

covera@?, thRebyieddring thetaneangy fembitidOdoutiaskidp& 88&IAGation, increased ROP,
bﬁottom ole covec{a e, and reducin% glﬁé'gelihood of excessive wear o

n .
rodCHRS Bt P EREn S A dBRE™TH BinkFerbatfiigine: e EempEgEmbodiments
describotobedipr tfifeaviaxy mﬂlbﬁrsﬁbmﬂwlyoﬁ@emcm@gzmds. bétween, it should be
appreBSE fcaRdo iRl MIIRAGRA4, RRteptiallyreduaing e lendeney REP 1R eved by

. track even further.
including one or more array(s) on select cone cutter(s) of a roliing cone bit and no arrays on other cone

smal

cutter(s). For instance, in an embodiment of a three cone drill bit, a first cone may have no arrays, a
second cone may have one array, and a third cone may have two arrays.

[0119]  Although arrays 1B, 1C, 2B, 2C, 3B, and 3C have been depicted and described as spirals in the
exemplary embodiments presented, other arrangements (e.g., staggered, fanned, or random

arrangements of cutter elements) may be employed to achieve one or more desired benefits. More

particularly, and referring, for example, to Figure 4A, the same number of cutter elements 62 may be
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[0116] In addition to offering the potential to reduce bit tracking, employing

arrays of bottomhole cutter elements 62 having differing radial positions

may enable the use of larger more robust gage cutter elements 61. As

can further be understood with reference to Figures 4A, 6, and 8, a rolling

cone may be designed with more or less space available for the gage row

cutter elements 61 depending, in part, on the spacing of the

i rra bottomhole cutter elements 62 (i.e., array of

e e & P S E Bl g profi
coverjgsigpfcaviftarfay Howf o suterisgpmsitidme foeshemfbin gapestow@Bxamgle, cutter
elem&GIQSERI0 GRRRIAXIS- PP o0 IEIRR Byt&gp%@mnﬁsuﬁgqﬁ@ GR98 E%Wtigip DHCin rotated

instead arranged as an array, then greater room will be afforded gage

Yy . . 2
profilg e PRISHIBATS BLoTYAE: rot 2BCife reARaesisatador e Batfer clements 18-
I threleinéhts6h enablestire usieakf gageetlteneleremtsbhdayieD ilaigey 18 may be
' j itinn to anti-tracking potential, by providing gage .
s TS M0 AR B e 9
spiral G500 a R el abtetrith emorpetittingioapabilitieboes tofgparetito Alternatively,

instef20HTRuehH RN dRuiklicR allef §he, RWHEVEES ENLS:AE Egiﬁ SQHGr elements 62
srqéaller di[%?eter. [0117] Further, the increased latitude for the positioning

Paving P Al C MY SRSTHEREBE P dy-SiRaster e T BPpHSELte BRI RO Ving about

the et mavitiptiiffefentextensiartheigtsheitferant ofseredesaieeitie: having the

samestg?é?%%’sﬂraaﬁl, & ‘iaoyz\,/ : ((:?ﬁ\géq r}g %Cr)n &1 er Iacllsér%rnq]saégrkll%lz%@h Q %g}r{[[l ?r{]ntésrinost radial
~ Similarly, varying the wi th an degree of overlap bétweerfrthe gage

positightid sfepie B TONh dhebrieangringés aesaressitieray of bottomhole cutter

[0120 | FREHS SdrafcHie Same whRRIRVidestha Rl dasianel WIS, may be varied
deperlgéitude in the positioning of gage, cutter elements 61 relative to thé

FEHBRE §6SRMIFEIR8: o SRR BRNEY ArghaedPiowiss Seamatn iher from gage
and invetbednd huthe mmﬁ@fsgagmﬁmwﬁﬁm&ﬁﬁﬁ@aiuma& Becerdoymd a greater
extenOBrI AR AP NG QLD BACE D RAME.FNROAINENLS, 9AgE CULCL SIEMBNIS . <4 & an

61 of one or more cones 1-3 may also be arrﬁ"@ed Inah array.%n a
examplsyrEdpohBindeHiapdhatisatisizelemantiér - didmételCextéAgidnarshapd anave greater

diamenadaHals: afdher herhsw Kyt elemants max likewise.henaiied apa 1c.7, 1c.10,
g Nsvjnlg_g)lelt} ne, an frgm cogg[:to cone, depending up}on the size, o roforrd
B¢ S FrangdRTent AR GRS SiteS U Aty BrEHI & SPte y auw BlfFuttars again referring to
F igureI@mrﬂ;sﬁﬁﬁﬂmaﬁm{ﬂymgi@mxerﬁhoﬂmmﬁlhﬁew]i_dmatﬂmd 1ia-§_jgumz, and 1C-
15 havinglugdesdhree sone g Qr%&'%xé&e&*éf’“'%@etﬁ preciated that jn Q}fts%gégée, cutter
embodiments, arrays of cutter efements (e.g., offset, staggered, fanne

elemegit | br s dfratedCarrdirgtinentd Gfldutmar bisprehs)ispheded sribiieg hafainor a generally

flat cibal SIFORC RBRIKEHVIOHN6.EeNE RIS RAY Nt ARG AV AniD ofre AaAA extension
cutters to %rovlde engﬁﬁngﬁd bottom hole coverage, reduced bit
[

heighfe) kor nslinec sitension hetebie e SPURCURRERS & JPIITRASIRRA, hichesgasf towards

ing.’re
the mRiGiP off driuged) donendamapegandsivearR cfndripasepigert it life aln-addiioni may be

desirdPid M P RIIIRNGMRS m@&sgreater extension height than cutter elements 1B-2 and 1B-4,
and that cutter elements 1B-2 and 1B-4 have greater extension heights than cutter elements 1B-1 and
1B-5.  In summary, the cutter eléments in a non- circumferentially arranged array may differ
substantially with regards to insert diameter, extension height, shape of the cutting surface, twist angle,
material grades, material types, material coatings, or combinations thereof,

[0121] In the foregoing examples, the arrays of cutter elements disposed in the intermesh region 70
and non-intermesh region 72 of each cone cutter with cutting eiements positioned in a plurality of

differing radial positions are intended to prevent the cutter elements from falling within previously-
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described herein, two arrays are illustrated on each cone cutter (e.g., cone
1). However, it should be appreciated that in other embodiments, one or
more of the desired benefits may be achieved by including one or more
array(s) on select cone cutter(s) of a rolling cone bit and no arrays on
other cone cutter(s). For instance, in an embodiment of a three cone drill
bit, a first cone may have no arrays, a second cone may have one array,

made SRR GONSIMAYRAVEINERRY PO LL O éltﬂﬂ%égé}&f{gé{ﬁl Sl tone diameter
2B, 2C, 3B, and 3C have been depicted and described as spirals in the

in thegggiptbiary BrhnbtffEntd pravstiduiootnesrrhiteratis s Burdtegfutiirent radial
posititdb e cor vaadpmyesdrrangements of cutter elements) may be employed to
achieve one or more desired benefits. More_particylarly, and referring, for
TS S hE N B o et TN 60 HIEY ot o
a nos@greppiopeteirritssbevmitaloegonndid Atk zegoasitionedtsoettmt thdir.g.. gage row
1D) tAlINGRMHRC ;AR ORI PERIIG, CoiRlALIeaRtMAR WAMFAOULIRE clements may

_cutter elements being positioned in a spiral. For example, cutter elements
contintys §URIBEh°2BLE My BERN B diposeirar adifitiilehadien pagifin Sgr example,
circutiifatrifialotatad ¢rbéibcihe elrfiranwislib\Wois: qovevad. idsiagnacHfiCarray of heel cutter

example; instead.of arranging cutter elements 113- | through 1B-10 in two
o R R Sl DR R A A8l s, ot
moungeghornislip opisemh ephrbendss i cBat8bApiisatioutfer BIEATRSS BRAVitnst 15, 2005,

whiclfd ﬁé’ré@ gl@d?ﬂir@t@ﬁ%&@% i&’ %fé@ﬁ@“ﬁ‘%@igﬁir%{ &9&%&?&%?@%@ cutter elements
ernatively, Instea

compgsite cutting profile shown in Figure 4A. of

and agpys, of st e AREFEH RS ED1BE &R CTEE Thio two separate spirals, pairs of
[0123CUbes Blemenisf2othariagethassamesiasiad po St :cou sk eposiiaaad positions on

one o?rq'ic?r%e%glgg 4 eer fangogtc]ee rtx% fghatbrugs%g ggg(\)/ in 0 eb Ol'{:[e tah(ea ?%P %a%?&n%gti n and size of
along rustoconicalpsur ace 4%8, ﬁ1ere WOU% |rst°I8e fV\%)’CU fler elements

ridges 2fhanavigitnaasemmesfvoet most radiel posiioniofdiiowstbsiementustar cones, reduced

likeliRIGMENSB 2 PRvipYithenextinnermast radiakROsiiofR. ANt SARMbusiy descrived, by
Numerous other arrangements are possible. éOlZOl Further

ATAN R  SRETI SRR oD b AT s BF tHRIBEHRS WEnigRtSTor IRl ingy Hiiges of uncut
formararidgtdepahedingividos the«applitations lhegansrate itsmayderdesakiectome cutting

pmﬁl%ﬁgle&lg?rrﬁlfsggg zEHrther fcrb%rg g@ %e %nde I{?}E:ep ded tgi a\(/)%t&}ogg %?rtf? rgtloanl adé)acem cones
share of t Ion

enlt 15 e I
' ottomhole cut ing (futy He pro@i‘gecﬁwﬁ a greater extens
can bpdighpeibaddutied uske mearschosidbniatkeloset togirge! Tomatiesfdningetopaths cut by

differEighHe,3ARSABRXaRRple, it may be desirable that cutter elements 1C-3,
!9124¢C@ IC-9, IC-12, and IC-15 have greater diameters and/or greater
X

O A B P T REELTHEY BIaRT TR TBeY:, meduicpsiops thereof can be
madel G 16he askdi 2 C-h3 tHeikewis@ththe shapengf therculicrselpmentsinianari@yin.  The

iffer. Onc ain referring to_Figure 3A as an example, itypay be . .
emvc e BB R Rt MM B R BRE, |  Maons and
modifeptgfres Sl sthigel BapwareuexampslesiWhiladtheccuitbindlsmerncidsde invention.
Accol@iSBYSHEUlSHe RIEPRARIEICH Gt hnlfed o ke LhiBARnL s 13 s BYENAYER but is only

... hemispherical cutting surface or a generally , _ ]
limited by the claims that follow, the scope™of which shall include all equivalents of the subject

matter of the clams.
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flat cutting surface. Moreover, individual cutter elements within an array
may have varying extension heights. For instance, extension heights of
the cutter elements in the array may be increased towards the middle of
the array for enhanced aggression. Referring to Figure 4A as an example,
it may be desirable that cutter element 1B-3 have a greater extension
height than cutter elements 1B-2 and 1B-4, and that cutter elements 1B-2
CLAIVREG: 113-4 have greater extension heights than cutter elements 1B-I and
— 113-5. In. summary, the cutter elements in a non- circumferentially
L ar‘?‘aﬁ&éﬁ"afﬁ%‘iferﬂgﬁ6i?@?hgﬁﬁ’éﬁiﬁhﬁ‘ﬁmlf’@&%pfdﬂﬂ%ert diameter,
exiensiedy heighi adapesof the cutting surface, twist angle, material
grax d il a%%r}%ll%ﬁ%gh mc%]f?rrlsa Irn%%g%g S 8{60&?@599 tﬁggzﬁg E%Oifarll%a%]o% about a
In‘the for going e mpFes,t e arrays of cutter elements disposed in the
differintsamestisredioniT tedrdnsontienssivdsharegisrmesidegiach cone cutter
WitfEEYHing slements RRIGNREER i RIpalivobr difiering AP RRSHIORShin a band
~are.intended to prevent the cutter elements from falling within pl‘eviOL%Sth/-
dispossl i e HERRMEHEIRCR SRS HESTeRoB8 FIHENRAFUO ST LSTgSIA e
form gemnenglpibiidarger ifteebine digmeterarn; the region in which the array of
elements is laced. the greater.t r of differe [
o e B L o T e L7 L 96 g e ot fom
a cuttgigavelikhehen agistest mintepiatdamiditarrays extend generally from a nose
IrQUE-ah W, ef e RIBMANS dadsigraseHA) to a gage row of cutter
elemen,tst%.g., gage row 1D) thatis ener%\ll aﬂﬂaeent heel surface 44. . .
OSSR U AT BIRUBISE B RGP cg SBLAVAPRgSIe cutting
profilsossrialensoripasy thegagetegiorand éventhedieplaegibsa. Moudes an intermesh
regic,e.xample, circumferential row 1E of heel cutter elements 60 of cone | may
Be replaced by an array of heel cutter elements 60. Such an embodiment
of wberein troatdtittseprofitdddhthiss amaxyef shiertelparsihchieast afially overiaps with
the cORQUNIREHR axial:spaged ARA AN UhS sRatRNtMPRIEREHAN O composite cutting
11/203.863 filed August 15, 2005, which is hereby incorporated herein by
profilsference in its entirety, describes arrays of gage cutter elements and
arrays s kleclcniteitelemenisdirolindeconetugersd b&H234 tBitsuiandmgofile of the
first %&q%% QJtPe‘RIJ%%%h‘%%%E‘E%O&%QQfﬁg@ & Blg rﬁ'f&{s?gzgéféﬁﬂg}%@géﬂ{ of the second cone

positions on one or more cone§; r the potential for increased bottom
that ahdsfesicrpvently ey seericethfensatios riablspldhst i geayoT gHERR SHSFsa%on,

rediieedningaandiovdamnacedginecitienalements aRdLenesnBRENBEF any cutter
likelihood for biéiiltrac,kin increased ROP, an%ﬁr increased bit life. As
elemp i Bi5JR TRSEN &P HH RGP L CHEPERER Shts in an array, the

formation and size of cutting voids or ridges of uncut formation between

2, the,indiyigy %L@&Ef%%%%em%ﬂti ofiihe Arrayarg.sedurad FUihetSince ey, of the

cutting profiles o the arrays of adjacent cones do not share the same
extengelidIcHRIS iy, BReR/AeaI T ddbe HEEBIREa ipnse i sPMBRHEF B PE AR .-

and/or eliminate large uncut regions of formation between paths cut by

first array

3. A drill bit according to claim 1 or claim 2, comprising an second array of cutter elements
mounted in a plurality of differing radial positions within a band disposed in the intermesh region of the
second cone cutter;

wherein the cutter elements of the second array form a cutting profile when rotated into a
singie plane;

wherein the cutting profile of the first array of the first cone cutter at least partially overlaps

with the cutting profile of the second array of the second cone cutter in the composite cutting profile;
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different arrays on adjacent cones. 101241 While preferred embodiments

have been shown and described, modifications thereof can be made by

one skilled in the art without departing from the scope or teachings herein.

The embodiments described herein are exemplary only and are not

limiting. Many variations and modifications of the system and apparatus

are possible and are within the scope of the invention. Accordingly, the
scapRiRkR ctagtiandsueidipigd e the embadimentsieeserirddeiginrofie of the

but is only Iimited[%%%t%e claims that fpllow, the scope of which shall
first arfay RS PG DR AIRINRCO I ¥ T8 matter of the claims. 33 CLAIMS: 1.

Avdtt:bittfercareagingid lrorelefehinfeasthdafGitatidis, comprsihggha ditany cutter
dy havin it axis:a plurality.of ralling cane cutters mounted on the bit
elemmgg%%/{q%ﬁl\éeg%%%?ég? égrdrotat%n g%é)ut a L([:i%)ereln't'cone axis, wherein each
cone cutter includes an intermesh region; a first array of cutter elements
moynted in a plurality .of differing radial positions within a band disposed
4 in‘%ﬁrel%%ﬁcﬁgs%%nr%!goigiﬁng?g?ﬁ%@gglﬁé' cutter, wherein the cutter elements
oftirecfirsacrapcfonmracttihy profifbsyhdnstomas digusia siemtatplapenied in a first
band SALAINQf cutter elementsmaunted:in the kiermeshuredion LA S6GRBE apart from

cone cutter that form a cutting profile when rotated into a single plane;
the firgl b TRlERECHSPEER BNt has an extension height; wherein the cutter

elemamsHnouniedeandhenintibn pheansuatdiarsafpiiiaiacofd[fesitg radial positions

relativglflgtltgg 8I’Ofl|e when the plurality of cone cutters are rotated into a single

planet afincludes an intermesh region; wherein the cutting profile of the
first array of cutter elements at least partially overlaps with the cutting

5. Profigpfatleastane uter olementrtihe seepofGoneushitterdd A8 band and each

composite cutting profile; wherein the composite cutting profile includes a
cutter glfiiRgy Yoir BEAMETIHES BOMKINGHBINS 6PIRE TSt BPRRPH St eNethents

and the cutting profile of the at least one cutter element of the second

cone . at least partially overlaps with the cutti ofile of the irstargg third
e e e N

array of thigcesditarsionmeigtt iofaghipddermé xedBrroacda thertiferieshrydaiahast the second
band, the composite cutting profile. 2. A drill bit according to claim 1, wherein the
cutting void has a depth of less than 33% of the

7. A drill bit according to any of claims 4 to 6, wherein the cutter elements mounted on the
plurality of cone cutters form a composite cutting profile when the plurality of cone cutters are rotated
into a single plane, wherein each array at least partially overlaps with at least one other array on an

adjacent cone in the composite cutting profile.

8. A dril] bit according to claim 7, wherein each cutter element has a base diameter and wherein
each array overlaps with at least one other array on an adjacent cone by at least 10% of the base

diameter of any cutter element within either of the overlapping arrays in composite rotated profile.

9, A drill bit according to claim 7 or claim 8, wherein each cutter element has an extension height
and wherein the composite cutiing profile includes one or more cutting voids, wherem each cutting

void has a height less than 75% of the extension height of any cutter element.



extension height of any cutter element in the intermesh region of the
composite cutting profile. 3. A drill bit according to claim 1 or claim 2,
comprising an second array of cutter elements mounted in a plurality of
differing radial positions within a band disposed in the intermesh region of
the second cone cutter: wherein the cutter elements of the second array
form a cutting profile when rotated into a single plane; wherein the cutting
10.  prafieiobihedirsiarcamob thadisst epnedtitierat inasisprdtialy.ferlapsension height
with the cutting profile of the second array of the second cone cutter in the
of an%f)‘t’ﬁﬁro%ﬁ@e&'htting profile; 34 wherein the composite cutting profile
includes a cutting void between the cutting profile of the first array and the

T “Gﬁxpsﬁkﬁé%c%f&ﬁ% %gﬁgp%ﬁémxl'mhsrgm he.cuitting y&i@r@&%ﬂ@m@ﬂea on the

less than 75% of the extension height of any cutter element in the
plurafjiyerheeahrigro fosmth BPRABISHE RS TG B rohr. the Aalithielaamsretifgrigre rotated
into £3MeLiISRAMPHGHY WNemR0eacheensreudahatdhabihaemrsegiafitsd intermesh
_ ar_raé/ g,f cutter elements mou tzd ir%ha fi;g];/ b?nd a?d as cor?]g Ozrgg coftmr element
regiop RERCHE SRS PREURTE RSN Aeee8nY Dand thal i€ Siahy Space agarlf '
from the first band relative to the cone axis; wherein the cutter elements
12, 1N qaghafr XC%F&I{E?&I%QI iy a,plueality of diffeng radlialPASItRNG region is fess than
relative to the bit axis. 5. A drill bit according to claim 4 , wherein eac
50% efithercatamienbelelinf e AréebafBcahd each cutter element in the second
band is positioned in the cone to cut a bottom of the borehole. 6. A drill bit
according, to any,.of claims 4 t0.5, wherein at least one cone cutter ,
15, AL T APEAy B Bl e SRR o 4 P gy oy fomm
cuttigpandicapan fomethetfirstshatdéavd, theesgoordh Isatter. demedrilidsia central axis, and
wher %C%I‘Cd I(ngll’l% pé/ﬁ?g Slaé%ﬁ %J%Ginw&ﬁrseé? %t%@&ﬁ!%@ﬁ%ﬂ@%ﬁﬁg BRs skewed
the plurality of cone cutters form a composite cutting profile when the
relatiyp fifiey #iélsie cutters are rotated into a single plane, wherein each
array at least partially overlaps with at least one other array on an
adjacent cone in.the compagsite cutfi rofile. 8. A drill bit. according t
1.l R BTETRH FT TR s A S0 B e e ey ey form &
cuttiemotviiyavhaveokaps with asilispbne otheeiareaghomviga aldfaeamasonestyal axis, and
wheRll@2SL.E0% %jgagnp@&@ermﬁrpﬁé%tﬁHg%ﬁi%? BRIt @D Qled relative to
the overlapping arrays in composite rotated profile. 9. A drill bit according
one 330gH8Im 7 or claim 8, wherein each cutter element has an extension height

15. A drill bit according to any of claims 4 to 14, wherein at least one cutter element in the first
array differs from another cutter element in the first array by a characteristic selected from the group

consisting of diameter, extension height, cutting surface shape, twist angle, and material composition.

16. A dril bit according to any of claims 4 to 15, wherein each array comprises N cutter elements

disposed in at least P differing radial positions, where P is at least three.

17. A drill bit according to claim 16, wherein P 1s at jeast four.

18. A drill bit according to any of claims 4 to 17, wherein at least one first array of cutter elements
includes a first set of N cutter elements disposed in P, differing radial positions and a second set 0f N>
cutter elements disposed in P; radial positions relative to the bit axis;

wherein the P, differing radial positions each differ from the P, differing radial positions.
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and wherein the composite cutting profile includes one or more cutting

voids, wherein each cutting void has a height less than 75% of the

extension height of any cutter element. 35 10. A drill bit according claim 9,

wherein each cutting void is less than 50% of the extension height of any

cutter element. 11. A drill bit according to any of claims 4 to 10, wherein

the cutter elements mounted on the plurality of cone cutters form a
19, CoMpasite siitachprefilawdrenathe plwalityvalsanaesitiarseameratated cach array is

. into a single plane, wherein the composite cutting profile includes an

d‘Spoﬁ?f{é?ﬁé@ﬁ?é‘ﬁf&?ﬂﬂﬁ@fﬁ?&mesh region including one or more cutting

voids less than 75% of an extension height of any cutter element. 12. A

20 IBIASCRIARIL S HwBetsifeagh cutting void in the intermesh

region is less tharm 50% of the extension height of any cutter element. 13.
wherein gl SHtiSE BSPRRLCIS S AT BRERIIS 2d8MIeivhereii thesciftet ERstents

of \eRehPlaYFHD Sofuibnghprafiardancietated ipie axsingieiRR®nts spaced apart

wherein each cgtter eleﬁ%ent hats a central axis, and vgher _inf et%lthting | s
by 2 4I5BRFE BERKEH SFATTAIRE A IS R P BB EntS AAYInG Bxes e siemen
that isskévued Ot leitize daoperaf etiventtdelfndriibithacteraing. to any of claims 4

to 13, wherein the cutter elements of each array form a cutting profile

when rotated into a single plane, wherein each cutter element has a
21, cemtalldiiacapidingieBnimme -axbadn dyjdiarmcedndt Brshfdhtsofntipgliameter of any
cutter@dtipg: prafilesef gash array are skewed relative to one another. 15. A drill

bit according to any of claims 4 to 14, wherein at least one cutter element

in the first array differs from another cutter element in the first array by a
22. charadlieristiccorimgted dim 2hevdracip thodsisting ioftlarrelsly extbasismeter of any

cutter ?%?Eht%&iﬁgh%%@ge shape, twist angle, and material composition. 16. A
rill bit according to any of claims 4 to 15, wherein each array comprises

N cutter elements disposed in at least P differing radial positions, where P

23, Is atdeadithresding A dulhbioaceerdingdaictaime 16awhsrekul is aklensteter of any
four. 18. A dril| bit according to any of claims 4 to 17, wherein at least one
cutter A WLt EF &lements includes a first set of N1 cutter elements

disposed in P, differing radial positions and a second set of N2 cutter

2, e'%m&msoﬂi%@9&@9@%5’%@9@%@&&@%org?,twsa@iﬁh&@aﬁg%iafyyh@aﬁg}ise N cutter

the P, differing radial positions each differ from the P, differing radial
elemenssimessd 362 tag BdiflsHnscesidlipg ity BFehiha 18 P8%5vherein

each cutter element in each array is disposed in a different radial position.

25. A drill bit according to claim 24, where P is at least four.

26. A drill bit according to any of claims 20 to 25, wherein the cutting profile of the first array

includes at least two cutter elements whose axes are skewed relative to one another.

27. A drill bit according to any of claims 20 to 26, wherein a first cutter element in the first array
differs from a second cutter element in the first array by a characteristic selected from the group

consisting of diameter, extension height, cutting surface shape, twist angle, and material composition.

28. A drill bit according to claim 1, wherein each cone cutter includes at least one array of
cutter elements mounted in a plurality of differing radiai positions within a band in the intermesh

region, wherein each cutter element has an extension height;
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20. A drill bit according to claim 1, the bit comprising: wherein each cutter
element of the first array has a diameter, a central axis, and a crest;

wherein the cutting profile of the first array includes at least two cutter

elements spaced apart by a distance measured between the axes of the

two cutter elements at crest of the two cutter elements that is at least

50% of the diameter of any cutter element within the array. 21. A drill bit
ageeLdingtegaimLAnwhareinithe-Aistance indhleasiihO%neh the.dameter single
of any cutter element within the array. 22. A drill bit according to claim 20,
wherein the distance is at least 75% of the diameter of any cutter element
withiitheeatray. 23ndud ribbit @ceotkindutelicjanic @6 Wirereicnthep sdistanide profile

when ti% ?Eﬂ%%gg[ giqcuo%l an}!aj ‘?o%'f%ﬁ“ 1 E%raogi Y p%ﬂge[h%'%&%%w@ﬁ%g %ﬁﬁi@%n&ﬁd ing an

it according to any of claims20to 23, wherein the first array
intermesbspidse N cutter elements disposed in at least P differing radial
positignshwhere Lo akleashiirega s Adibbil-arcoing tadsiaing Adst partially
where P is at least four. 26, A drill bit acc(?rdinﬁ; to any of claims 20 to 25,
overlapg RUPiH ﬁ’r’?ﬁ%ﬁfﬁélﬁf’ A BFTAEESP APAYATRUSHR at least two cutter
elémentsndoosedxestang pkéivaocialative!toadinecnotimgry@ds: Andrill bit
AN A0 IRMAAD 10 20 AN SUL B [RHELUSH SICR A Bofte has o

first array rom a second cutter element in the first array .
depth epiathitetiS$tic5ahe TEETOM THEhy ol B SHES RS iatstIdeREshgiwon of the
compoflRighkieutiigesurface shape, twist angle, and material composition. 28. A
drill bit according to claim 1., wherein each cone cutter includes at least
one array of cutter elements mounted in a plurality of differing radial
29.  pésititristwitividiagiandsim thi interrmebh cregionsmenet gireehchrey ttesy mounted in at
Jeast th‘?é‘é@ﬁ@&%%cﬁﬁ xtension height; 37 wherein the cutter elements of each
array forni a cutting profile when rotated into a single plane; wherein the
cutter elements mounted on the plurality of cones form a composite
30.  cutting profileravhen themplunakiyeficanesase seiaded interah singleaplan@nted in at
| tf‘the %?m UOSi e cutt'£1r:1 rofile including an intermesh region; wherein the
cast fo (iR G ProfI O PEELR Sirray in the composite cutting profile at least
partially overlaps with the cutting profile of another array on an adjacent
31 canginvhersindhg comPQsiLe AWtRg Piefilg nalidrs auRlHEIR OfEHiRg intermesh
voids; and wherein each cutting void within the intermesh region of the
region ééﬁ’?ﬁ@gﬁ@%ﬂi?’rﬁtﬁﬁ)?ﬂ%ﬁllf‘a@éa depth less than 50% of the extenSion height of any cutier

element in the intermesh region of the composite cutting profile.

plane;

32 A drill bit according to claim 31, wherein each cutting void within the intermesh region of the
composite cutting profile has a depth less than 33% of the extension height of any cutter element in the

intermesh region of the composite cutting profile.

33, A drill bit according to claim 31, wherein each cutting void within the intermesh region of the
composite cutting profile has a depth less than 20% of the extension height of any cutter element in the

intermesh region of the composite cutting profile.

34, A drill bit according to any of claims 28 to 33, wherein each cone cutter includes a first array of
cutter elements mounted within a first band and a second array of cutter eilements mounted within a

second band spaced axially apart from the first band, wherein the cutter elements m each array are
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depth less than 75% of the extension height of any cutter element in the
intermesh region of the composite cutting profile. 29. A drill bit according
to claim 28, wherein the cutter elements in each array are mounted in at
least three differing radial positions. 30. A drill bit according to claim 29,
wherein the cutter elements in each array are mounted in at least four
differing radial positions. 31. A drill bit according to any of claims 28 to 30,
mounié’@ﬁ{%i@iﬁﬁtﬁ@%ﬂﬁff&fﬁ@gdé@iﬂﬂ iﬁbﬁhﬁ)ﬁ@tﬁlmesl’io ragien Hfithendorhpesitehe first array
cutti jle has a de th less than 50% qf the exte S|eo§1mr11e QE}% any
and Sec?ﬁﬂ(gfmg ?%8?& cfﬁntfﬁ‘éuln EThes ur’rtggl‘gh 0 %ﬁ%’%grrﬁnﬁts)sﬁ cut?ng brofile. 32.
A drill bit according to claim 31, wherein each cutting void within the

35, IntE r&ﬁgsﬁt a%%?&r%f lrngnf 8?‘&&%'&%%@19 @EQF!J& @Q&l 2 ARPNIESS RN central axis

33% o extension height of any cutter element in the intermesh region
and wspreie ’é’éﬁlﬁ%@téﬂéﬁhﬁ@ab}‘%ﬂéwgﬁuﬁeﬂi’?ﬂ%w&déé}%ﬁ (9 Y LasiRsgaciudes at least two
cutterWREIGIR PASHLGUEIRG Maidhwitiie dhexintedmesh region of the composite
cutting profile has a depth less than 20% of the extension height of any
cutter element in the intermesh region of the composite cutting profile. 34.
36. A driltiiibaeconding to dain 66 clemei2BitcBdngvmefdirrbersth eore incitdgs at least two

cutter BeiMASS 2 firs! e ok Sylish Rlementsdgppunted within a first band and a

second array of cutter elements mounted within a second band spaced

axially apart from the first band, wherein the cutter elements in each array
37. are gdimewviadin & plumlitcohgifiering radial positions relative to the bit

axis, and wherein the first ar ay ﬂ<1elentdrs%econﬁ array % %Pne conﬁﬁ cutter are

mUISTER R FHRE SR Lg! fegion of eacheons. Aarill bit according

cone.
© to whyrof chains @S ltonddts whielirse avhycdotiereeteien piadiseprdentieipiggdigio a single

plancdlg WheseIn e cuping prafile of atleast SwQ QUALRK plements R aRgRE .

said arrays includes at least two cutter elements having skewed axes
relative to each other. 36. A drill bit according to claim 35, wherein the

38, cuwrtﬁlpraﬁlac@t,ﬁ@@tarwdﬂemese&ﬁﬁeaﬁﬂthensuuwe&emm mv'm@y of cutter

skewed ax Srel tiv to other. rill bit according,t clal
h h
elem%‘&%‘ﬁf’%’i’ﬁe %ﬁé’ ? or ea;ne q R Fﬁeflrs qér%ygh Sa clgr% fa‘mrmes

regicaxis)aeiol wﬁw@ﬁrﬁ@mﬁméamt%$ théi first array form a cutting
profile.when rofatedinio & 3ingle.planethal iRGlddRsHa! RSl -HIMEUMS : single plane

elements having skewed axes relative to one another. 38. A drill bit
that geludram doESt CRRIHES, SlsTEh T RARH BN IR IEBHpIS &7PHiTay of

cutter elements mounted in a plurality of differing radial positions within a

ba?% dI’i ?Bg %ggorlglrtlg?ol Q{g&n’%s wherein the cutter elements mounted to each cone cutter form
a composite cutting profile when the at least two cones are rotated into a single plane, and wherein the
cutting profile of each array at least partially overlaps with the cutting profile of another array on an

adjacent cone in the composite cutting profile.

40, A drill bit according to claim 39, wherein each cutter element of each array has an exiension
height; and

wherein the composite cutting comprises an intermesh region including a plurality of cutting
voids, wherein each cutting void within the intermesh region of the composite cutting profile has a

depth less than 75% of the extension height of any cutter element within the intermesh region of the

composite cutting profile.
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region, wherein each cutter element has a central axis; and wherein the
cutter elements of each array form a cutting profile when rotated into a
single plane that includes at least two cutter elements having skewed
axes relative to one another. 39. A drill bit according to claim 38, wherein
the cutter elements mounted to each cone cutter form a composite cutting
profile when the at least two cones are rotated into a single plane, and

41, Whereinithe.rutiing erafleofarehAciay aligasbRarially AVeriBRsWHR IR of the
cuttln% proflle of another array on an adj cent conel‘&&ge composite

compog{5 i BHIE! 46 AWRIP LI EeB iy {d" SAHISPIFERH 2R Hghpment in the
intermetlement of kachhairay bas@arpeiension height; and wherein the
composite cutting comprises an intermesh region including a plurality of
cutting voids, wherein each cutting void within the intermesh region of the
42, corapbditesstatitiogprofily Baslamdeptideds SHEMTEEY Nf tHE e iepinin cach array
disposdagichtiohapyiguies alemsntuibintbe infermesbirggion of the composite
cutting profile. 39 41. A drill bit according to claim 40, wherein each cutting
void within the intermesh region of the composite cutting profile has a
43, degtiillesadhanm0dcaithe extergioniheighatabany cutter element in the
intermesh region of the composite cutting profile. 42. A drill bit according
to any of claims 37 to 41, comprising N cutter elements in each array
4. dfspobéd meardmgde Pamtéringpadisg positions, where P is at least three.
A3ndeti il Rita660 E@H%g:ﬁﬂe@@i'ﬁ)él&t \ﬁdﬂﬁfﬁi@sa frabieasirfiesondel Acdfibh elements
bjt ac fQrd gto c(lialm 1,¢c rls (:ﬁln at lea ton(ta conetchltler on 4 band
mountgH APy SRS B aaﬁ%?'é%?g M HGIE %ﬁ!}ffér feREnts " Mauntédinca” **"
that is firsilpapgtanodatSecorid arsayaod l:ré&tumthﬁie cutterelsitientd srro umtednncatter:
SRAgnh Vg ety %Xa'ba&a%g@gape@@ fromihe,first Band:elalive J@itheiements

~_cone axis o e at east one cone cutter; wherein the at least one cone
posmoamt@r%érﬁgﬁgéa@amaﬂlm BdteRe BB hite*catiersidinénts

positioned in Y different radial positions where the ratio of Y to X is at
45 Ieaa Babzo 45. A drill |t a to claim 4§YV¥h re| %8 of Y to X
iSRS R0 A aﬂ'ﬁl ?c}lngratcocci im 45, ereln the ratio of Y

to X is at least 0.40. 47. A dr|II blt substantially in accordance with any of

46. ”}?cﬁﬁﬁmal%%ﬁﬁl@%r?ﬂmeiﬁ’f%t%@éﬁf{i?@%&'ﬁ}\F%S%E"&ﬁéé’s?@@bas

iliustrated by the accompanying drawings. 4

47, A drill bit substantially in accordance with any of the examples as hereinbefore described with

reference to and as illustrated by the accompanying drawings.
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