ROLLI NG CONE DRI LL BI T HAVI NG CUTTER ELEMENTS POSI TIONED | N A PLURALI TY OF
Dl FFERI NG RADI AL POSI TI ONS BACKGROUND OF THE TECHNOLOGY 1001131 The

invention relates generally to earth-boring bits used to drill a borehol e
for the ultimate recovery of oil, gas or mnerals. Mdrre particularly, the
invention relates to rolling cone rock bits and to an inproved cutting

structure for such bits. Still nore particularly, the invention relates to

enhancenments in cutter elenent placenent so as to decrease the likelihood

of bit trackin 100041 An eart h- borln drill bit is ty |callé nmount ed on

the | ower eR@LEENG CONE PRI E%HANH‘J% HOERHENFNESE ill string
at the surface or by HfRat RARBYF SSHACNSr bi nes, or by both
met hods. Wth wei ght applled to the drill string, the rotating drill bit
engages the earthen formation and proceeds to forma borehole along a
predeterm ned path toward a target zone. The borehole thus created wll
have a di aneter eenerallyequal to the dianmeter or 'gage" of the drill bit.
100051 An earth-boring bit in commobn use today includes one or nore
rotatable cutters that performtheir cutting function due to the rolling
novenent 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 engagi ng and disintegrating the foimation nmaterial in its
path. The rotatable cutters may be descri bed as generally conical in shape
and are therefore sonetines referred to as rolling cones or rolling cone
cutters. The borehol e i s B6THEHORRDIPETHECTECHANOLOGRe rotary cones renove
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to as " Tdihodll Wh RLigh iaﬂﬁl%ﬁ to thpélrhlsstrm‘éhhé I@taﬁm bh%}{é g& h Lk, FORaRd ¢ om the
cone material are knomn as "steel tooth bits. ch 1 nstance, the cutter
proceeds to form a borehole along 2 predetermined path toward a target zone. The borehole thus

created will have a diameter generally equal 1o the diameter or "gage" of the drill bit.

16005} 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 disintegrating the formation material in its path. The rotatable cutters may be described
as generally conical in shape and are therefore sometimes referred to as rolling cones or rolling cone
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 borebole by drilling fluid which is pumped downwardly
through the drill pipe and out of the bit.

{0006) The ecarth 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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el ements on the rotating cutters break up the formation to formthe new
borehol e by a conbi nati on of gougi ng and scrapi ng or chipping and crushing.

100071 in oil and gas drilling, the cost of drilling a borehole is very

high, and is proportional to the length of time it takes to drill to the
desired depth and location. The tine required to drill the well, in turn,
is greatly affected by the nunber of times the drill bit must be changed

before reaching the targeted formation. This is the case because each tine
the bit t.he entire stri of drill pipe, ich may be mles
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borehole bottom, while the radially outermost surface scrapes the sidewall of the borehole.
6013} Conventional bits also include a number of additional rows of cutter clements that are located
or: 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 inmer row cutter
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100121 A condition detrimental to efficient and economcal drilling is
known as "tracking." Tracking occurs when the inserts or cuffing teeth of a
cone cutter fall into the same depressions or indentations that were nade
by the bit during a previous revolution. Because the cutter elenents
penetrate into an indentation previously formed, rather than making a fresh
indentation that is offset fromprior indentations, the disintegration
action of the cutting elenents is |ess efficient Thus, tracking prevents
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tracking not only impedes deep penetration of the cutter elements, but may lead to damage to the cone
and the cone bearings. Such damage may occur because the cone itself becomes more directly exposed
to significant impact or transient loads which may tend to cause premature seal and/or bearing failure.
Thus, tracking is known 1o seriously impair the penetration rate, life and performance of an earth boring
bit, :
[0614] Increasing ROP while maintaining good cutter and bit life to increase the footage drilied is an
important goal in order o decrease drilling time and recover valuable o1l and gas more economically.
Decreasing the likelihood of bit tracking would further that desirable goal.
[0015] Accordingly, there remaims a need in the art for a drill bit and cufting structure that tends 1o
reduce tracking so as to yield an increase in ROP and footage drilied, and eliminate other detrimental

effects,

SUMMARY OF THE PREFERRED EMBODIMENTS
[0816] In accordance with at least one embodiment of the invention, 2 drill bit for drilling through

earthen formations and forming a borehole comprises a bit body having a bit axis. In addition, th_e bit
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conprises a plurality of cone cutters, each of the cone cutters being
nmounted on the bit body and adapted for rotation about a different cone
axis. Further, each cone cutter on the bit conprises a first array of
cutter elenents nounted in a first band and a second array of cutter

el ements nmounted in a second band that is axially spaced apart fromthe
first band relative to the cone axis. Mreover, the cutter elenents in each
array are nDunted inaplurality of differing radial positions relative to

the bit axis 17 nacc rdane th ot her enbodi f .the . invention,
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Each cutter el enent has an extension height. Further, the cutter elenents
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100221 Enbodi nents descri bed herein thus conprise a conbination of features
and advantages intended to address various shortcom ngs associated with
certain pr| or devices. The vari ous characteristics descri bed above, as well

as oth eatures, wl readi Ly apparent to those skiJled in the
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DESCRI PTI ON OF W NGS 100231 For a nore detail ed description of the
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cone cutter shown in Fjigure 3A; Ri.o 28 . schematic .vie
showiPHgRte it 7 plslisao i drmedadislpesigons iy ?’ ff fige fesifsmt CERES8 R b et s

di speR&dohdlkBe wheRE GHLLRE RO of fhe Fird ‘dfr@y &f\a cutting profile when rotated into a

single plane. Still further, the bit comprises a plurality of cutter elements mounted in the intermesh
region of a second cone cutter that form a cutting profile when rotated into a single plane. Each cutter
element has an extension height. Further, 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 that
includes an intermesh region. The cutting profile of the first array of cutier elements at least partially
overlaps with the cutting prdﬁle of at least one cutter element of the second cone cutter in the
composite cutting profile. Moreover, the composite cutting profile includes a cutting void between the
cutting profile of the first array of cutter elements and the cutting profile of the at least one cutter
element of the second cone cutter that at last partially overlaps with the cutting profile of the first array
of cutter elements. The cutting void has a depth of less than 75% of the extension height of any cutter
element in the intermesh region of the composite cutting profile.

{0021] In accordance with other embodiments of the invention, a drill bit comprises a bit body having
a bit axis. In addition, the bit comprises a rolling cone cutter mounted on the bit body and adapted for
rotation about a cone axis. Further, the cone cutter on the bit comprises a first array of bottom hole
cutter elements mounted in a first band and a second array of bottom hole cutter elements mounted in a
second band that is axially spaced apart from the first band relative to the cone axis. Moreover, the
cone cutter comprises a total number X of bottom hole cutter elements positioned in Y different radial
positions, where the ratio of Y to X is at least 0.20.

[0022] Embodiments described herein thus comprise a combination of features and advantages
intended to address various shoricomings 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.



[00291 Figure 4B is a partial enlarged schematic view showing, in rotated
profile, the cutting profiles of selected cutter elenents disposed in the
cone cutter shown in Figure 3A; [0030] Figure 4Cis apartial schematic
view of Figure 4A, illustrating the plurality of differing radial positions
of cutter elenents of the cone cutter shown in Figure 3A; 10031) Figure 5A
Is a front elevation view of another of the cone cutters of the bit shown
in Figure 1; [0032] Figure 5Bis a top view of the cone cutter shown in

Fi gure 5A; (0033) Figur | Al L i ing, in rotated profile,
the cutting profiles of%ﬁﬁg#iﬁ??é&?gﬁZhﬁﬁ%%ﬂﬁ$%§ﬂg in the cone cutter
shown i mofj g“wr e rrE:A; defaB@BcribticgU ehe phfan®d ambddandnt 6f tRvgtsetinweitw roferepiae  of
anot her g&} S0 ;g%ters of .the bit ﬁhomm in Figure 1; 100351 Figure 7B is
a top vieWst ° R ORE“CUPTEPS SHEWR® " Fl'gure 7A; 1003 61 Figure 8 is a
schenmat ioe24yi Byurs howt perspettive vatvadf ed epbafiibre of bl earthttbtin gt P inlaerdafcet he
cutter. ﬁggpn%% %ﬁ%ggggzhmnzthe cone cutter shown in Figure 7A;, 100371

Fi gure g & IEthe T reﬁrésentatlon showi ng a cross-sectional view of
the thr @ezsr ofipirng lsczopae& efctittheeshiskersthowngh dme 1Bg gndrose kiiling cone cutter of the bit

shown in Figure 1;

[0026] Figure 34 is a front elevation view of one of the cone cutters of the bit shown in Figure 1,

[0627] Figure 3B is a top view of the cone cutter shown in Figure 3A;

{0028] Figure 4A s a schematic view showmg, in rotated profile, the cutting profiles of the cutter

elemnents disposed in the cone cutter shown in Figure 34,

[0028] Figure 4B is 2 partial enlarged schematic view showing, in rotated profile, the cutting profiles

of selected cutter elements disposed in the cone cutter shown in Figure 3A;

[0038] Figure 4C is a partial schematic view of Figure 4A, illustrating the plurality of differing radial

positions of cutter elements of the cone cutter shown in Figure 3A:

10831} Figure SA 15 a front elevation view of another of the cone cutters of the bit shown in Figure 1;

[0632] Figure 5B is a top view of the cone cutter shown m Figure 5A;

[6633) Figure 6 is a schematic view showing, in rotated profile, the cutting profiles of the cutter
- elements disposed in the cone cutter shown in Figure SA;

[0034] Figure 7A is 2 front eievation view of one of another of the cone cutters of the bit shown in

Figure 1, '

[9635] Figure 7B is a top view of the cone cutier shown in Figure 7A;

{0636] Figure 8 is a schematic view showing, in rotated profile, the cutting profiles of the cufter

elements disposed in the cone cutter shown in Figure 7A;

j00371  Figure § is a schematic representation showing e cross-sectional view of the three rolling cones

of the bit shown in Figure 1;

{0038] Figure 10 is a parfial 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 & partial enlarged schematic view showing, in rotated profile, the cutting profiles of

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



(0038) Figure 10 is a partial view showi ng, schematically and in rotated
profile, the cutting profiles of all of the cutter elenents 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 elenments of the three cone cutters of the drill
bit shown in Figure 1. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS
100401 The followi ng discussion is directed to various exenplary
enbodi ments of t I i i £.0f these
enbodi nents may @Wﬁ?@@%@ﬁ%ﬁﬁgﬁﬁwg@@@?ﬁﬁ%m d not be
i nt er pr edpeql, Tigr folithiag wime;sias adl direcsed| fonvariomg etdaglasc @peocmhemmef diesprhmur e,
i ncl udi ng,_t he n erstand
that  t nd PO o Ry e PR Ui R P E g Y wafrbn P Bitbe e AEBRES on of
'an%/ e(rjrb%hhum bé smmamt hdi, ann:gyervtm e, e?enqginggye abpd hiathe émﬁofiremmd?ﬁm Inot
i nt ende a g SCo [ S clu e .cl ai ns,
islim tgea %o t%lglgi§£ %’}‘iﬁ “fp?n f%o%‘g un%e%atﬁﬁtﬁgerfré%wm - g’mt“hrsoﬁaaﬁout t he
foll ow mglidss&c,rm@thecimczamm oflaay ersbodimnentaf seant onlp &y el a@mhlambéfaatwmsdlmm
conpone r%c? notAr?c%n%nc? toséﬁééeste&at tﬁ'e &;Q& é} rﬂ;e mclosur@ plB%lgcgffxoa{hg ’clagtlla sel{n%@%_ t(p %Ets ons
may refer to the sane“feature or conponent %erent nmes.” This
dpcunenteﬂﬁ@féisemot intend to distingui sh bet ween corrponents or features that
di fFer iiihsdf At ftnflOhe LURGLHAR0w MGy AN AucbliGUERSIARCOk: AGERSARAT 1Y tO
scal e. rtain features an onents rern m shown exadgerated in
scal e orfeqiessp sempraEts ch%mtqkéle ortha a’hﬂlﬂs@mcra@x fftrsnt@ﬁm%mncfprdﬂ&e _
el enent S, BN RQL: REsshaNs alfferbr%éﬁ@stm@taoﬂn@ﬁﬂ dod r@pﬁteﬁ@ﬂ(élsﬁﬁéﬁ%ﬁ%emggpsg] in
the foll ow ng discussion and in e clains, the terns "including” and
"conpr i SPHBeneHs & fepsuser thas diir | ’6@@?\‘1 @%a@é&nﬁ‘«mﬂ‘@ﬁ drayig HEpasars i gpegsspay o

i nterpr esE@éj t@m{ﬁe@ﬁmg Bl e RGns Bitbin ROY thIsHb Lkl Rrated in scoft §On sbB&Hker M
"coupl e" ‘coupl e is intended to nmean either an indirect or direct

connect .Seﬁ?mamgn midfm@e fistpilstof gravidanag YHpIESP0chPSWEHH i HERFT OF Slarith grd
connect i Qi be through a direct connection, or through an indirect
connection via o%her devi ces and connectjons. 10040] Referrl ng first to

Fi gure 1003, it fHoBiBE AligsBim and & Peclams iy s’ ﬁ’(‘ﬂuéﬂﬂ R4 CORPFENE 4%%€%91 1 and
a hit baflyn dznhasd ighiantfe aadecbupastiiePredd t@ineid ﬁnc&iﬂﬁ@ e sl iRl . s radapt ed

for secu |ngﬁthe bit to.a d i)l strln% %ayot S Ovﬂ\l{}éﬁ Bif. 10 has a

pr edet er'ntth G g R alfe PR eésls FEPT Y™ THE 2B ISP R B F ETUREL o MEhr ee
rolling if emest Gevide@bsplds, to 2,seddnd eOnNeShd camdetibn TV thoudhl Qdifee: dohnastiincbr ar e

r ot at abl d on bhearin at depend fromthe bit body 12. Bit
body 1 TR ETea epe i BEoBE A GG EiE 10 (1o | egs shown'in Fi gure
1) that [amta Retfecag ﬁtsmgnem@m 1 tao edrbbmidy it 10acghod210 1B¢}mde11(aexfmaramem shdchiudes a
plurality of,nozzl 8 1 rovi ded. fof ectin fluid
Poward (KRBt BiedrictaBh ahbie Ba et Snlh St € L 5 U oty

i ncl udesiadrshrwrcabit 16 @ser podaamb galgaﬂlasatmﬂs;deﬁnmbfny clantutetroost frechledtivpgs t hat
suppor t eAGH. AL SR 1CONLLGHL Y 8ES dods inflilul P0Byd0%] RELUTS AuRBL LA

portion Serves pr ot earlngs and-cone
damage caefsalrt bypemifiani ithg bit hcml 1deBir bxty émsepmn@edaetwtioagmiﬁs Antw tegs

respecti s*:‘ﬁg'ifxg guﬁ:*‘l'l@ttl?ali are'%lexdgg%gghe} Qefom%dg'%%t glt ]b %%gfﬁécﬁﬁggrggg:a%g :‘ﬁe S! bi t

shows bi as In ding three cone cutter
10 may inwvetiesdd thanprepenvisied {wfdirecgmedrdling favidstowend e lwsfmormef,:he towshoit smdemundr nor e

cone CULLGL Suters 1-3. Bit 10 includes lubricant reservoirs 17 that supply lubricant to the bearings that
support sach of the cone cutters 1-3. Bit legs 19 melude a shirttail portion 16 that serves to proteit the
cone bearvings 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 cutiers 1-3, in other embodiments, bit 10 may inciunde any number of cone cutters, such as

one, two, three, or mors cone cuters.
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[0041] Referring nowto both Figures |I and 2, each cone cutter 1-3 is
nmounted on a pin or journal 20 extending frombit 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 | ocking balls 26, in a conventional mariner. In the enbodi nent
shown, radial and axial thrust are absorbed by journal sleeve 28 and thrust
washer 31. The bearing structure shown is generally referred to as a

j our nal r rf , however invention is.not Jimted
o Lo 1A% RESHEL skl b St S b (PR By LS TR §Bpi i 20,

rol | er besrdingdgrobi I:tit bminer?e angionedapted togvtae 4boBt av\muh dxzbef mtaumt?éebnanedmemra@ Wi t h
rol | er t n o ou I |n 20. In
bot h 1 ol a2 e PR T b Sl 208 ol e
from r edelsdgi in aTonvemiopH enabear Inigsenhpdisppahe sadih andoass anget/wag/sas@rheltbvar e
omtted: I ' cl.ar - bri .i I the

beari ng %%@ﬂ?%%ggéaﬁyﬁﬁg %%lﬁg f S%j gg%ﬁhygg &ﬁﬂ% nég%ﬁggﬁ%gﬁs 6f an
annul ar jewegl bBARgP fcﬂariqwdvartrﬁkbovrmﬁytht awergion Ir hdtllioritgd rtcr wiedn ib8s avivgeutkhf r om
the surface.t BLamghalhybd.RassadsaRt vills! 6t bk ' an
|nternaﬁ passagewa (ngt §R%Mh) t% nozzséstléﬂ% ;gﬁgggtﬁgag%ghégge gle

cr eat ed BPipilwihgolicn statiaesslispye i ten she cors prater @érﬁtﬁjolﬁmﬁ vardd. Bobdlorid, best
shown i Ryefring UR® frsionl OQ4GR niRET@kiEdnD G b IshppliQs BLAULES L ANd e b%ﬁﬁ@ bgUt ter
1-3 includes a generally planar bacicface 40 and nose 42 genera pposite
backf acéPRrRns 48] BERRTVaY P AEKIBEY oy te figuresfor darBy f e nercaart sretlerbm ae

gener al ligarfng WalR&OM: Galing Hiik 2&cRidddnd bRy, be nRHRARE 80k Qad' el 8l Bristihh8hke
el enent s that scraPe or reamthe sidewalls of the borehole as the cone

cut t er s a3 iqrgs Jelng g spHEPYdEHEt BriRsihiengh fid peBee i e Sifcrataedad wil |

be ref ertﬁz@ﬁightaﬁ ih@se bﬁsa@@watyttsm shee fo @uﬁtésqe%@mq? NeheClbkhBIE Sredizdy tit 10bei ng
understoo e same sur be sonetines referred to by

ot hers |WFtﬁ%ﬁég?fé§mPﬁ@°m@%§@““%ﬁ@?ééﬁﬁgp“ﬁirghweﬁg cone cutter. 100431
Ext endi ngrheRueeng kaeh Fiifd aced 34:aniufQseindidddsS RndaResiah &éctﬁ&g 4gala cone

surface 46 ted for supporti tter elenents. that gau or crush t he
S g i SRS, bOp S BETRLAP, SHbl-et o helEnt 5, LhAL, gauge, or SLsh th
Frust oc (g&h@ﬁiy fheaetonsmrs‘uﬁ‘&e #Ahpand adxpiad ﬁﬁieta,%u&t.ftﬁﬁ BleEntCHAVRFGE of Rad the
C|rcunfer nt or shoul der 50, th ou h referred to herein as an
"edge" (F wel Oﬁlt dt(F:‘Iﬁ'eh(’li‘eta‘S E}I‘Tofﬂn‘a "‘g@mulng\lé iy 8 G TR DRE OHSE S8R
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our f ace TAEEhd e SR P sob R B e 7 S Pt MR O W i e a

pl ural ity zoflliigemercatery frust oconi cal regions 48a-c, generally referred to
as "lan cure the cu ter nents as
descri bggﬂ [ n%‘r?%ggae% gﬂébp%ﬁgj\g\?e 4@%%%%54@ Qgrhem% m‘twag med i °%onaé‘at’§e§ rface
46 bet wefenhsuaptjringenticr | chagats 480 goize A tthdulghboslioe boiom Tet therort duserstoown i n
Figure I

conti qursa T T s B R g B R R b
cutter 1edge prbouiges’. aAlﬁIOHMBf‘SW igfhenpiaap @slg@'ttmr'ithsiﬁdeé ritt spowdd beowrdprespod

el ement s46Q0ufils 50982y B3 omdES Such Ut £:24 raet@@emuemer ttct HaEHBEeRELA | Y
cylindrical base portion wth a central axis, ting portion that
ext ends 4B tOREUBRZEE SOV BERDEE DT fristhsgnige) e‘)@f-‘ﬂ ﬁltfffrgﬁ' ‘iﬂﬁﬂﬁé@@mﬁim@ swsfaest i ng
formati o, reahen sﬁzlface Ehe gulidd Be a%&lﬁycgp A% IRCrSYIDRL | !re%mf?cr 48% %’QQE%I'I y C
relative to the central axis. or a portion of the base fon I's
secur ed BYTEde&f Ilé‘rdé Fichjage rrnﬁ)é%edawr?artﬂort@n% SRERE ther erﬁﬁfe%emmmtahéesgrﬁnet Hce of

the conen&ulibml beldUSro@ss 15ed Nefphdd, inthR L8k 1€ Wbl Rapuhl 86&"1g0RY be
used to refer to the surface of the cutter el ement .that extends beyond the

sur f ace OIPOFHSEGAY WhT Lt SPOTRE TREehSPSh> A e SiBFlagsh atongheiot ideicdlit ¢ er
el enent degfign@. di stance fromthe cone surface to the outernost point of the
cutting surface of the cutter el enment as neasured substantially :
per pendi cular to the cone surface. [0045] Referring now to Figures 3A and
3B, cone cutter 1 is shown in nore detail and generally includes a.
substantially planar backface 40 and & nose 42 opposi te bacl dace 40. Cone
cutter 1 further includes a generally frustoconical heel surface 44

adj acent to bacldace 40, and a generally conical surface 46 extending

bet ween heel surface 44 and nose 42. Cone | further includes a
circunferential row of heel cutter elenents 60 extending from heel surface
44. Heel cutter elenents 60 are designed to reamthe borehole sidewall 5
(Figure 2). In this enbodi nent, heel cutter elenents 60 are generally
fIat topped elenents aIthough alternati ve shapes and geonetries nmay be

A PN AN A




[ 0048f Cone cutter 1 further includes a plurality of ridge cutter elenents
63. Ridge cutter elenents 63 are designed to cut portions of the borehole
bottom 7 that are otherwi se |left uncut by the other bottornhole cutter

el ements 62. [0049] Referring still to Figures 3A and 3B, the cutter

el ements di sposed on cone cutter 1 nmay generally be descri bed as being

di sposed or positioned in six distinct groupings. Starting at nose 42,

cone cutter 1 includes a group I A of bottomhole cutter elenments 62 disposed

on | and .cone a
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Dot t orhor Braur Bt e (e Bl S TP L Bidie e Bads o BoPRAM TR hierBlee i e
and shapwic aahatip sgphet Greedn thosutaeuf thercorsl aarrentTdub 2s whd bereinythd Bhviing
differen a D& he

descri be%x |‘% %Dgf% %ttgl #%\%Ef aﬁ%ﬁ%ﬁ“‘%@%@%‘?g‘a@%ﬁﬁF M!'llglaé{frv gft?\%t

di spos edcqnﬁme*cahwww%ﬁi ght pfribeinfertonevtralenicoyis @gﬂlswrf@m theac&m arfaglienent s
62 of arga An6nHr SROSE 2 Phdbalel Ly L g&% ons
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cutter elodipeatesgFacef array | B overl aps vmth the cutting profile of at |east

one ot hefSutlthri Rl SUERF8R0fA Md BY AR WREM & §i8¥n IBrbs MLEWRE cbllipt at ed
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bottomhole cutter elements 62,

[6649] Referring stili to Figures 3A and 3B, the cutter elements disposed on cone cutter 1 may

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

9



that intersects the surface of cone 1 at surface intersection SIB.5 when
viewed in rotated profile. The radial position of cutter elenent 1B-5 can
be defined by radial distance rig.5 neasured frombit axis 11
(perpendicularly to bit axis 11) to surface intersection Sla..5 of cutter
el ement 1B-5. Thus, as illustrated in Figure 4C, cutter elenent 15-1 and
cutter elenent 18-5 have different radial positions with respect to bit
axis 11 as defined by differing radi al distances r13.1 and r13.5,
respectivel to be d that the cutting | es of utter
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other cutter element 18-1 through 18-5 within the sanme arrangenent when the
arrangenent is viewed in rotated profile (Figure 4A). Likew se, the second
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10075] Although array 1B is positioned within internesh region 70 of cone
1, in general, the principles described above apply equally to arrays
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profile witodimesy 1B is viewed in rotated profile. However, |n ot her
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e oct, B LB L s b STRP B i MG DR ol

i nner nosgiveagenead the kestwnmber ahtitom helseugek elgmerfis eritbe out.dbaniosy t%t;dﬁceiémc’eﬂ‘oerrent
of the il S HBY TE&t H{)’}E‘Ef &Qﬂﬁqu& pﬁla?\%m&gltoﬁé)%ortb?ﬁnﬁy&g &F@?Elerﬁéﬁ%tv%rﬁleel {mnt of

the array. In Suc |rrents e array Is nmeasured from
the crestumer of Aetomhelsrcrins elemerts o petiaws pane afprefpreblnptieas 0t28 (@ Re%ok pedigporpf t he
out er NSk U1 8 el EIRBL 308f). ThEmBERLRWIMARNKE RS0 Qlualn‘idu@ Shafll REkibR ook array
is viewed in rotated profile. In addition, i1t should be understood t hat
width Wof an array represents the width of the array in rotated profile
(e.g., width of the cutting profile of the array) as well as the distance
bet ween the innernost and outernost cutter el ements of the array. [00781 In
the enmbodinent illustrated in Figure 4B, width WLE3 of array IB is about
40% of dianeter D of any cutter element within array IB. In general, for a
given cutter elenent geonetry, the greater the wwdth Wof an array, the
greater the borehole bottom coverage of the array. Thus, the width Wof an
array in the internmeshed region of a cone cutter is preferably greater than
25% of the dianeter D of any cutter elenent within the array, nore
preferably greater than 50% of the dianeter D of any cutter elenment within




non-i nterneshed region of a cone cutter may exceed 50% 75% or even 100%
of the dianeter D of any cutter elenment within the non-internmesh array.
For instance, the width Wc of array 1C is about 100% of dianeter D. 100801
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clements of an array may not be posmcned in a spiral configuration. Specifically, array 1B includes

twoe spiral amrangements, with cutter clements 1B-1 through 1B-5 represemting a first spiral
arrangement, and cutter elements 1B-6 through 1B-10 representing & second spiral arrangement within
band 47a. The first spiral arrangement represented by cutter elements 1B-1 through 1B-5 may be
considered its own arrgy since it includes two or more cutter elements (e.g., cutter elements 1B-1 and
1B-2) having differing radial positions within 2 band 47&, where the cutting profile of each cutter

element 1B-] through 1B-5 in the arrangement partially overlaps with the cutiing profile of af least one
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or are relatively small, between cutter elenents 1C1 through 1C 15 of
array IC. As with array 113, by reducing, or potentially elimnating, the
formati on and size of ridges of uncut fornation between the individual
cutter elenents 1CG1 through 1C- 15 of array IC, array IC also offers the
potential to reduce the likelihood of undesirable wear and damage to cone 1
and the cutter elenents of cone 1. 100841 In addition, by offsetting.

st aggeri ng, and/ or fanning out cutter elements 1C 1 through IC15 to form
an array 05|t|on| ng. cutter elenents 1C-1 through 1C 15 in a
plurali togh%cfu %ne?erl@w 1§gl Proygn] B-p gdnin thsriaye W%éemﬁnké’b?%wwféteﬂfvh@e‘&ﬂt ting

tip of & fttdi@Foriel @RBatAM LiRdwscaiht 8dtorkCepii |atrarg@inbnt @dpkdsErddyby Wit biBmekesCT at er
or |ndent ation preV| ous| -forrred b anot her cutter element of array ICis

r educed, BtBiragy r@&&?&aﬁ@bﬂi’és’%Té PPAE™or bit tracking. Further, by

ifc f i gt ]E lmgz? 5 R4 %ﬁlbé@nﬂr?d& geQto foaﬂilaster@xrﬂl&raﬁgéfrxfeﬁﬁ mhﬂrmrhh@y e, ]an{ah[]@lugh

- or orman arra , ,Qver oftam hol.e cover cutter .el enents
1C- 1 t hrgoght fi@“f%*méa‘ﬁ%%s %nﬁ&g@é@g‘am igl H?b‘f’rib%%roéa"ﬁ‘f‘ R d %%ﬂ %iﬂ?l%f*?éﬁl spiral
circunf ezlia@nieluﬁilqud‘ BWopbarediot (B¢ raﬁiaEﬁﬁiﬂlbﬁs of [c0R8 2lenRfits Wi thl oftfer Syrald BritinSiRUSSed

above, ttin ering,, and/ or, fanni out cutter el nts 1G1
bt ugh AT 1555 6 e man O e PR S B EteShe P BHE

si zi ng &I’hdwﬂ@ﬁisﬁdséminr’ig difiliring rradédi @oEfiting ahdCa bedohd atu@@edaéﬁ{ 3b5’\1q antreayleh&uof er S
t he pot ntial. fipr lLowi ng,benefits. - reduced diesl.2

uncut 1Rt it SrradilaerGins i ot Fmeafidl oBioeE e SR Re 2 B anmge
to cone rididipakitiohe cutter el enents of cone 1, reduced |ikelihood for bit

ol r cunt dratiy REEAREOR HR A0 Vi BRI 38 SRR G DI IFE RO e
bit. OnendiC+idimeludf cutthe sefadedia ablie cbuee;aetbitltesboctﬂmiamahy (& enegyr e 1CAICT ease
t he ROP I i i t f.e ow to
Fi gures igﬁiﬁgﬁ% Fé%]‘ EAF? tévrlllgg é:{l(tjtee§ feg' &EQE- Ogtr@ Coycioclngpgg%r%?ﬁgﬁehg ' éEf

40, nosenzpRRos euier eaimeyitsft’ﬁu@?tmmdﬁchave lraishe swistadbat 44 ciggad wgéherialll yanonl cal

surface fﬁ:%egg{ }Qﬁﬁé‘oo&‘?@g w‘éﬁsg&&’; Q6] eiefil fz%cselaﬁe &F%gété"d%ﬁh&ﬁ@!‘e%n%n{'s jel udes

heel cutter age cutter elenents e cutter
el ement 2, 88;5, afhd. dewéd@r@d@vmw@m 1Gat flabpled pr Bigwe yal yutge desitioped.

BOttO”h%ﬁalﬁ%&ﬁén hLETRMRs §2- 121 €4 AIAANGEH, !d‘ ?ar{g%%géle(ngﬁg%§t1‘ 10f two

cutter eleneénts 62), a spaced-apart array 2B, and another spaced-apart
array 2Cs lélﬂxiérhelhé%wgs@e%fmar ﬂ%wc@évsa?ﬂé sxaiaéﬁﬁ@éﬂnmﬁ ‘axﬂmumr& emf»rvs of

differing.1adi 1@9%&@&@@ SHGNplatu&Ultehs o QNBBLS 18% ie&e@ﬁﬂir%)é s&dgndo not
cut in an_iden al path but instead cut in offset or stag ere

at hs.
Li kewi sespir@u?t%f@rel@wéﬁ%é Rtisthepelh i C-Arpmspeine &ribirdprépo SEt Flﬁm%p Pl Gt %Eﬁueh of

differing. Eﬁﬂbz@éemﬂx@%lfédr@@ﬁré %@cxﬁt@@&en%%ti@fm%@&gﬁr!tﬁb@gprbs&ﬁﬁ@éﬁﬁh gfzaido not
cut in an identical th. Disposed b g\g)\Yﬁej:en rows 2A and 2B i s

ci rcunf et 38y IFO’\'RFWB? d%‘sf:‘“‘i‘ﬁido@em%‘tﬁﬁtq PIEnEHPETEE: $3°R &P ﬁ@a“ﬁ?m%ne 2

i ncl udeSmaudwtﬁum:@tre;emm@ks if QWferi) @&aig;@gﬁor@utgwﬁveeab enEiesiob bf spacsdoapart
froma cj r Eé]entlal ro 2E of hegéctt rrents go 0087] Referring
to Figur /ii:“ Ef”"”é‘g“‘?eBW PR TR mza“ia?‘nt ™R PR ¢ er

el eﬂent sma&;oad; fe gkl mﬂfgef Serk oﬁaﬂer&lerﬂ&mﬂl@@&rthmﬁghﬂﬁwﬁﬁ@a@ag not internmesh

Wi t cut nents of _an one .1 or Thus re on 70
ot one. B, oDy Bl A AC Fiest $9% 502k Pog b P L B oG
whi | e nofech biter siesdts neglm@ﬂ&xmemhs abuenelbmée pieshl the:gugh)m -5 Gespaatileckf ace
40 and in Iude rra n

D sares B A R A, btk 08l 2 B ad R0 B0 BB AR 2 o
refer enceﬂndmrlalnma}svlclﬂ%@m eﬂam&dtesuaBB- b diler euglh, tB8ditiZnce ﬁrheamgeﬂijacm a band
D8 aPONyfiel dBEOSORERLAAREA, FEMLAN Ok, AN JERNALE B BNELL & 89 56000 2

bet ween arra no T ct 7 &l Shent

t hr ough ﬂandnz e %@nag utear ?lyofsqz;a@gdenab@m eicrotme iaxpifor@?2 Hoy eqanmen dmick @5 m
anount g ] n,FLaur ition,
array ZO%ﬁggﬁu es t %%}dfi d?h {P% ‘%ﬁe?gﬁ%{gﬁgﬁgﬂe aséjﬁ gdf%&e’#ésgb ﬂaceirel n

as el ene#es 912(:0‘1”1011?%6@@191!%1 1B0l- 10 2xis 3¢ airvgpstd? 1 i2rpf guttsa el bB@pxs pubgiantially same
frustoconi cal -shaped region or |and 48c which encircles cone 2 between gage
row 2D and array 28. Cutter elenents 2@-1 through 20-12 are al so angularly
spaced about cone axis 22 by a nonuniform anount as best seen in Figure 38.
Al t hough cutter elenents 28-1 through 2B-12 of array 28 and cutter el enents
20-1 through 20-12 of array 20 are non-uniformy spaced about cone 2, in
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that in general, an array or row may have any suitable nunber of cutter

el ements (e.g., cutter elenents 62). 100401 Regarding array 28, cutter

el enents 2B-1, 23-4, 28-7, and 23-10 share the sane radial position and are
posi tioned cl osest to heel surface 40 and furthest frombit axis 11 (i.e.,
outernost cutter elements of array 23). Cutter elenents 28-3, 28-6, 28-9,
and 28-12 share the sane radial position and are positioned closest to bit
axis 11 and furthest from heel surface 44 (i.e., innernost cutter elenents
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el ement sudfordiy b0d9H23212 i n array 20. 100921 still referring to Figure
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elements within an array (e.g., cutter elements 1B-1 through 1B-10 of array 1B) may all be

substantially parallel, or with some cutter eiements paralle] and others skewed.

[0077]  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

3. Further, the cutting profile of array 1B, as represented by the overlapping cutting profiles of cutter

elements 1B-1 through 1B-10 of array 1B when viewed in rotated profile, has 2 width Wi generally

between the innermost cutter elements 1B-5, 1B-10 of array 1B and the outermost cutier elements 1B-1,
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other (i.e., the distance Z between adjacent cutter elenments of array 2B is

relatively small) such that, in rotated profile, the formati on and size of

cutting voids or ridges of uncut fornmation between the individual cutter

elements within array 2B is reduced or substantially elimnated. Likew se,

as cone 2 rotates in the borehole, cutter elenents 20-1 through 2C 12 of

array 2C will cut substantially the entire width W2C of the adjacent

formation. As with the cutter el enents of array 28, the cutter elenents
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100981 Referring to Figures 7A and 9, array 33 and portions of array 30
intermesh with one or nore cutter elenents on adjacent cones 1 and 2. Thus,
i nternesh region 70 of cone 3 extends from proxi mal nose 42 to, and

i ncludes, cutter elernent 62 of array 3C that interneshes with cutter

el ements of adjacent cones 1 and 2 (i.e., cutter elenents 62 of array 30
that are positioned in any of the three radial positions closest to bit
axis 22 of cone 3). Non-intertnesh region 72 extends frominternesh region
70 to backface 40 g %ﬁlncludes t he %utter el ements of array 30 that do not
i nt er mesHTEERE G GREGTEWSENS AR FRORERngS Hcidy s ?f\%alé]é%?éﬁ%?t‘bm%ﬁéys.
array 38iandrarray 3C, within |nternesh region 70. 100991 Referring again
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44 and furthest frombit axis 11 (i.e., outernost cutter elements of array
30). Cutter elenments 30-5, 30-10, 30-18 and 3C-20 share the same radi al
position and are positioned closest to bit axis 11 and furthest from heel
surface 44 (i.e., innernost cutter elenments of array 30). Cutter elenents
30-2, 30-7, 30-12, and 3C- 17 share the sane radial position, cutler

el emrents 30-3, 30-8. 30-13, and 30-18 share the sane radial position,
cutter elenents 30-4, 309, 30-14, and 30-19 share the sane radial position,
and are generally positioned between the innernost cutter elenents and
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measured as previously described, In this enbodi nent, WBc is about 150% of
di aneter D of any cutter elenment within array 3C. 101031 As best seen in
Figure 8, as cone 3 rotates in the borehole, cutter elenents 3B-1 through
38-6 of array 3B will cut substantially the entire width WB5 of the

adj acent formation. Specifically, cutter elenments 38-1 through 38-6 of
array 3B are sufficiently sized and positioned relatively close to each
other (i.e., the distance Z between adjacent cutter el ements of array 28 is
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and arr [ f. gesh t n Ween
rray 10 R Mleen B 68 B R S B e R B

array 30Liksgdng[l, qom@ h?éiudesalrcrfel-ynf@@‘ﬂ@]f rog dheof Cgagerm@wmmts 6mna¢pd@9ﬂefrdin bet ween
group IAm,@glgfe%{]@yﬁ%Oﬁ@gcﬁt{yg&g@@ggs W th cone 2 between row 2A and an-ay
28. Array 3C of cone al'so I nterneshes with cone 1 and cone 2.

Specifically array 30 i nternmeshes with cone 1 between array 18 and array
IC, and interneshes with cone 2 between array 28 and array 20. Thus, cone 1
has two arrays at |east partially in i?4termesh region 70 (array 1B and a
portion of array 1C), and one array partially in non-internesh region 72
(remai ning portion of array 1C). Cone 2 has one array in internesh region
70 (array 2B), and one array in non-internmesh region 72 (array 20), Lastly,
cone 3 has two arrays in internesh region 70 (array 3B and array 3C).
Wthin internmesh region 70, substantial bottom hole coverage is provided by
rows 1A, 2A, 3A and by arrays 113, 21, 38, and portions of 30, previously
described. In non-intermeshed region 72, outside or radially distant from



101081 Referring still to Figure 10, although each array is generally
positioned between two other arrays, or between an array and a row, the
cutting profiles of adjacent arrays and rows on different cones partially
overlap within internesh region 70 when viewed in conposite rotated
profile. Such partial overlapping of adjacent arrays and rows in conposite
rotated profile viewis permtted without detrinentally affecting clearance
provi ded betmeen the cutter elenents of adjacent cones as best seen in
Figure 9. 0 Referrin 10, as . a result of the
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cutting v
cutter eiements). 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 (Le., Xz is
twenty-six), positioned in one of Y, different radial positions, seven different radial positions for bottom
hole cutter elements 62 in this embodiment (L.e., Y is seven), where the ratic of Y4 fo X; 1s about (.27,
or 27%. .Although array 2B includes twelve cutter elements 62, array 2C inciudes 12 cutter elements

62, and row 2A imchides two cutter elements 62 in this embodiment of cone 2, it should be understood
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25% of t-he extension height E, and height H2 of cutting void V2 is about
45% of extension height E. In contrast, conventional rolling cone bits that
enpl oy circunferential rows of cutter elenents within the intermnmesh
region, may yield cutting voids or ridges of uncut formation between the
cutting profiles of adjacent rows in conposite rotated profile that are
significantly greater than the cutting voids fornmed by enbodi nents of bit
10 described herein. For instance, in sone conventional rolling cone bits,
the height of a cutting void or ridge of uncut formation may approach 100%
of the %saf BrEgtceh SRETYHY TOF TER PN GRY iR mimbst ofgiter islsmpity (.81 RUTSE PlePentkor ds,
in soneggpnventional rolling cone bits, the cutting voids or ridges of
uncut fornmation between cutter cuttin%‘profiles oféﬁgjacent rows of cutter
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array 2B. Further, the rotated profile view of array 2C, represented by the overlapping cutting profiles of

cutter elements 2C-1 through 2C-12, has a width Wi measured as previousty described. In this

embodiment, W 1s about 100% of diameter D of any cutter element within array 2C.

[0093] As best seen in Figure 6, as cone 2 rotates in the borehotle, cutter elements 2B-1 through 2B-12

of array 2B will cut substantially the entire width Wog of the adjacent formation, Specifically, cutter

elements 2B-1 through 2B-12 of array 2B are sufficiently sized and positioned relatively close to sach

22



101141 Referring again to Figure 11 and as previously described, in
conposite rotated profile view, each array and row in internmesh region 70
overlaps with one or nore arrays or rows of an adjacent cone. For instance,
array 38 of cone 3 overlaps with row 2A of cone 2 and array 18 of cone I,
array 1B of cone 1 overlaps with array 3B of cone 3 and array 28 of cone 2,
and array 2B of cone 2 overlaps with array 3C of cone 3 and array |B of
cone 1. The degree of overlap may be assessed by determning the ratio of
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borehole sidewall 5 (e.g., engaging ei ther hi gher or |ower on the hole
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enpl oyed in frustoconical region 48b and be positioned so that their
cutting surfaces, in rotated profile, cover at |least width Ww thout the
cutter elenents being positioned in a spiral. For exanple, cutter elenents
18-1 through 18-10 may each be di sposed at a unique radial position so
that, in rotated profile, the entire wdth Wis covered. As a specific
exanpl e; instead of arranging cutter elenents 1Bl through 18-10 in two
separate spirals as shown, those cutter elenents 62 in array 13 may be
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| would then include three arrays of ﬁgtter el ements, each nmounted in
axially spaced apart bands. U S. Pate Appl i cation hb. 11/ 203,863 filed
August 15, 2005, which is hereby incorporated herein by reference inits
entirety, describes arrays of gage cutter elenents and arrays of heel
cutter elenents on rolling cone cutters.



101231 Bits having arrays of cutter elenments positioned in a plurality of
differing radial positions on one or nore cones offer the potential for

i ncreased bottom hol e coverage, reduced formation and size of ridges of
uncut formation, reduced wear and/or damage to the cutter elenents and
cones, reduced likelihood for bit tracking, increased ROP, and/or increased
bit life. As previously described, by arranging cutter elenents in an
array, the formation and size of cutting voids or ridges of uncut formation
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for creating orehole’In earthen formations, conprisin
havi ng aimﬁ)ﬁfle pamr@eé between thy ipylepest futtyr oFmeps|4od ﬁ‘@m@@ﬁéﬁﬁw @ts AOUTY éa on the
bi t bOdKn%ﬂ@mﬁﬁ?ﬂkﬁﬂm&@?a&&%ﬁﬁﬁﬁ$&ﬁ&ﬁW§Bﬁaﬁﬁ@&ﬁ%&&im&&ﬂﬁ4%§&§h3@&@%&4n each
cone cutter includes an internesh region; first array of cutter
el ement SOTOARMFRATPIEEBEBIHPEATEY wifhin G 3B | TS praai 3B mpdsidescabed sineiiine a band
di sposedwh Apitad %nﬁr@&r@énﬁe&l&h 566 BRan@mdt Trohudihg ARREHRME &iGhonsWH KRR g cut ter
elenments of the first array forma cutting profile when rotated into a
si ngl e preaEfs.

[0162] Regarding array 3C, cutter elements 3C-1, 3C-6, 3C-11, and 3C-16 share the same radial

position and are positioned closest 1o heel surface 44 and furthest from bit axis 11 (ie., cutermost cuiter
elements of array 3C). Cutter elements 3C-3, 3C-10, 3C-15, and 3C-20 share the same radial position
and -are positioned closest to bit axis 11 and furthest from heel surface 44 {ie., innermost cutier
elements of array 3C). Cutter elements 3C-2, 3C-7, 3C-12, and 3C-17 share the same radial position,
cutter elements 3C-3, 3C-§, 3C-13, and 3C-18 share the same radial position, cutier elements 3C-4, 3C-
9, 3C-14, and 3C-19 share the same radial position, and are generally positioned between the innermost
cutter elements and outermost cutier elements of array 3C. In this arrangement, cutter elements 3C-1
through 3C-3, cutter elements 3C-6 through 3C-10, cutter elements 3C-11 through 3C-15, and cutter
elements 3C-16 through 3C-20 each form a spiral arrangément, respectively, within array 3C. Thus,
array 3C may be described as including four spiral arrangements, each spiral arrangement including
five cutier elements in differing radial positions. Relative 1o the direction of cone rotation 80, the spiral
arrangement of cutter elements 3B-1 through 3B-6 in array 3B spirals in the same direction as spiral
arrangement of cutier elements 3C-1 through 3C-20 in array 3C.5till 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 Wiy measured as previously described. In this embodiment, width Wz is about 20%
of diameter D of any cutter element within array 3B. Further, the rotated profile view of array 3C,

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



a plurality of cutter elenments nmounted in the intermesh region of a second
cone cutter that forma cutting profile when rotated into a single plane;
wherein each cutter el ement has an extension hei ght; wherein the
cutter elenents nounted on the plurality of cone cutters forma conposite
cutting profile when the plurality of cone cutters are rotated into a
single plane that includes an internesh region,; wherein the cutting
profile of the first array of cutter elenents at |east partially overl aps

with the cut rofi,l e.of one _cutter e. second cone
ot ter | HERHE Bk Bty s Brariat ol i By A e LB g
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cutter elLegrat; CEH%L!% s n“:h@bé? erakdzéryel% (AL ?Eh'rcﬁlgh adhak , Sié %‘i’ﬂ:%z W thin
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substantially the entare w1dth Wi of the ad} acent formatxon As with the cutter elements of amay 3B,

the, cutter elements 3C-1 through 3C-20 of array 3C are sufficiently sized and positioned such that, in
rotated profile, the formation and size of cutting voids or ridges of uncut formation are between the
individual cutter elements 3C-1 through 3C-20 of array 3C 15 reduced or substantially 2liminated.
[6104] By reducing the formation and size of ridges of uncut formation between the individual cutter
elements within arrays 3B, 3C, amrays 3B, 3C each offer the potential to increase bottom hole coverage
while reducing the likelihood of undesirable wear and damage 1o cone 3 and the cutter elements of cone
2 resulting from contact with relatively large segments of uncut formation,
[01057  In addition, by offsetting, staggering, and/or fanming out cutter elements 3B-1 through 3B-6 of
array 3B and cutter elements 3C-1 though 3C-20 of array 3C (e.g., by positicning cutter elements 3B-]
through 3B-6 and cutier elements 3C-1 through 3C-20, respectively, in a plurality of differing radial
positions), the likelihood that the cutting tip of a cutter eiement within array 3B, 3C will fall entirefy
within & crater or indentation previcusly-formed by another cutter element of array 3B, 3C, respeciively,
s lessened, thereby offering the potential for reduced bit tracking as compared to a conventional
circumferential row of cutter elements that tend to sweep along substantially the same paths. Further, by
offsetting, staggering, and/or fanning out cutter elements 3B-1 through 3B-6 and cutter elements 3C-1
* through 3C-20, overall bottom hole coverage by cutter elements 3B-1 through 3B-6 and 3C~1 through
3C-20 can be increased as compared to a conventional circumferential row of cutter elements, By
offsetting, staggering, and/or fanning out cutter elements 3B-1 through 3B-6 of array 3B and cutter
slements 3C-1 through 3C-20 of aray 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 sncut
ridges of formation, reduced likelihood of excessive wear and damage 10 cone 2 and the cutter elements

of cone 3, reduced likelihood for bit tracking, mcreased bottom hole coverage as compared 10 &
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wherein the cutter elenments of the second array forma cutting profile when
rotated into a single plane; wherein the cutting profile of the first
array of the first cone cutter at |east partially overlaps with the cutting
profile of the second array of the second cone cutter in the conposite

cutting profile; wherein the conposite cutting profile includes a
cutting void between the cutting profile of the first array and the cutting
profile of the second array; wherein the cutting voi d has a depth of

| ess than 75% of th ension hei ght of any cu
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accor di BOhts® dediratilérbehefit€ oNPFalyS BRRC may alsoNAGE Sk fheCRTINITHNE SUL 8611 tfatughhe bi t
conprises a first array of cutter elenments nounted in a first band and a
second W@ﬁ? of cutter elements nounted in a second band that is axially
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intermeshes with cone | between array 1B and array 1C, and intermeshes with cone 3 between array
3B and array 3C. Still further, array 3B of cone 3 intermeshes with cone 1 between group 1A and array
1B, and intermeshes with cone 2 between row 2A and array 2B. Array 3C of cone 3 also intermeshes

- with cone 1 and cone 2. Specificaily array 3C intermeshes with cone 1 between array 1B and array 1C,
and imtermeshes with cone 2 between array 2B and array 2C. Thus, cone 1 has two arrays at least
partially in intermesh region 70 (array 1B and a portion of array 1C)}, and one array partially in non-
intermesh region 72 (remaining portion of array 1C). Cone 2 has one array in intermesh region 70
{array 2B), and one array in non-infermesh region 72 (array 2C). Lastly, cone 3 has two armays i
intermesh region 70 (array 3B and array 3C). Within intermesh region 70, substantial bottom hole
coverage 1s provided by rows 1A, 2A, 3A and by arravs 1B, 2B, 3B, and portions of 3C, previously
described. In non-intermeshed region 72, outside or radially distant from the intermeshed region 70,
substantial bottomhole coverage is provided by arrays 1C, 2C, and portions of array 3C, Gage rows
1D, 2D, and 3D generally cut the comer 6 of the borehole, and thus cut & portion of sidewall 5 and
bottombhole 7. Further, heel rows 1E, 2E, and 3E ream the borehole sidewall 5.
0167] Referring to Figure 10, the cutting swfaces, and hence cutting profiles, of each of the cutter
elements of all three cones 1-3 are shown rotated into a singie profile termed herein the "composite
rotated profile view." In the composite rotated profile view, the overlap of cutier elements within an
arrey or row is shown, as well as the overlap of different rows and arrays that are positionsd on
different cones. Consequently, the composite rotated profile view iliustrated in Figure 10 shows the
borehole coverage of the entire bit 10, Within intermesh region 70 of this exemplary embodiment,
array 2B is generally positioned between array 3C and array 1B, array 1B is positioned befween array
2B and array 3B, and array 3B is positioned between array 1B and nose row 2A. Each array 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.
10168] Referring still 1o Figure 10, although each array is generally positioned between two other
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
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5. Adrill bit according to claim4 , wherein each cutter elenment within
the first band and each cutter elenent in the second band is positioned in
the cone to cut a bottomof the borehole. 6. Adrill bit according to any
of clainms 4 to 5, wherein at |east one cone cutter includes a third array
of cutter elenents nounted in a third band axially spaced apart fromthe
first band and the second band. 7. A drill bit according to any of clains
4 to 6, wherein the cutter elenents nounted on the plurality of cone
cutters forma co i.te cuttin rafil e when the urality of caone cutters
re rot BEH PG S et Bkt B9 ik PP BRC R P Y I A y

over | apgettintduliatfit@asticmne: pblidsd bamveaythanttartiacha cRracantmed 23 bed@ecanposi t e
cuttingyﬁro%ile. 8. Adrill bit according to claim7, wherein each cutter
el enent 85 “a base di ameter and wherein each array overlaps with at |east
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therebetween, thereby offering the potential for increased bottom hole coverage, while reducing the
Hkelihood of undesirabie wear and damage to coneg 1-3 and the cutter elements of cones 1-3.
{0110} Referring now to Figure 11, in composite rotated profile view, the cutting profile of each array
overlaps with the cutting profile of an adjacent array or row at a point of intersection L. Specifically, the
cutting profile of array 3C intersects the cutting profile of array 2B at imtersection 1, the cutting profile
of array 2B intersects the cutting profile of array 1B at intersection 1, the cutting profile of array 1B
intersects the cutting profile of array 3B at intersection 13, the cutting profile of array 3B intersects the
cutting profile of row 2A at intersection L. Further, the cutter element with the greatest extension
height within each array or row defines an enveiope for that array or row. In the embodiment shown in
Figure 11, each cutter element 62 has substantially the same extension height and thus arrays 3C, 2B,
1B, 3B, and row 2A share the same envelope 101, As a result of the partial overlap of cunting profiles
of adiacent arrays and/or rows, a cutting void Vy forms between array 3C and array 2B, a cutting void
Vs, forms between array 2B and array 1B, a cutting void Vs forms between array 1B and array 38, and 2
cutting void V, forms between array 3B and row 2A. Each cutting void V; through V4 has a depth or
height H; through Hi, measured perpendicular to the cone surface from envelope 101 to point of
intersection 1; through L. respectively. Thus, height H; of cutting void V; is the distance perpendicular
to cone surface 46 measured from envelope 101 defined by the extension height E of any of cuter
element in array 3C or 2B to point of intersection 1; of array 3C and array 2B. Similarly, heigm 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 1o point of intersection I of array
2B and array 1B,
{0111] In the exemplary embodiment illustrated in Figure 11, height Hy 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 roliing cone bits that employ circumferential rows of cutter elements within the
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11. A drill bit according to any of clains 4 to 10, wherein the cutter

el ements nounted on the plurality of cone cutters forma conposite cutting
profile when the plurality of cone cutters are rotated into a single plane,
wherein the conposite cutting profile includes an internesh region, the

i ntermesh region including one or nore cutting voids |ess than 75% of an
extensi on height of any cutter elenent. 12. Adrill bit according to claim
11, wherein each cutting void in the internesh region is |ess than 50% of

t he extension hei ght of an cutéer nt. _13. Adrill bit accqrding to
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f our. cutting void V, as viewed in composite rotated profile, is preferably less than 75% of the extension

height E of any cutter element on the bit, and more preferably less than 50% of the extension height £

of anv cutier element on the bit.

{0113] Referring again to Figure 10, the six cutter elements 62 of array 3B collectively define the

rotaied profile of array 3B. Likewise, the ten cutter eiements 62 of array 1R define the rotated profile

of array 1B, the twelve cutter elements 62 of array 2B define the rotated profile of array 2B, and the

twenty cutter elements 62 of array 3C define the rotated profile of array 3C. Further, the one cutier

element 62 of group 1A defines the rotated profile of group 1A, the two cutter elements 62 of row 2A

define the rotated profile of row 24, and the one cutter element 62 of group 3A defines the rotated

profile of group 3A. In this embodiment, it is evident that a substantial number of inner row cutter

elements 62 {fifty-eight in this exemplary embodiment) are available for bottomhole cutting in the

region immediately adiacent to gage cutter elements 61. Further, given the overlap of cutter elements

62 within each aray 1B, 2B, 3B, and 3C as previously described, as well as the overlap between the

cutting profiles of adjacent arrays 3B and 1B, adjacent arrays 1B and 2B, and adjacent arrays 2B and

3C in composite rotated profile view, cutter elements 62 of cones 1-3 substantialiy cover borehole

bottormn 7. As aresult, a relatively small amount of uncut borehole bottom 7 exists and few relatively

small cuiting 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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18. A drill bit according to any of clains 4 to 17, wherein at |east one
first array of cutter elenents includes a first set of NI cutter elenents
di sposed in P) differing radial positions and a second set of N., cutter
el enents disposed in P2 radial positions relative to the bit axis; wherein
the PI differing radial positions each differ fromthe P, differing radial

positions. 19. Adrill bit according to any of clains 4 to 18, wherein
each cutter eI errent in each array is disposed in a different radial
p03|t|on , Adrill bit according to claim1, the bit conprising
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axi s, andc@tig eRk. wherein the cutting profile of the first array

i ncludes at | east two cutter ele nts spaced apart by a di stance neasur ed
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the arr ac}cl}ne For instance, array 3B of cone 3 overlaps with row 2A of cone 2 and array 1B of cone 1, array
1B of cone 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 1. The degree of overlap may be assessed by determining
the ratio of the amount of overlap O of overlapping adjacent arrays or rows at the cone surface in
composite rotated profile view to the diameter [ of a cutter element in either of the overlapping arrays
or rows, iermed herein as the "overlap ratio.” Arrays 3C and 2B overlap by an amount of overlap O,
arrays 2B and 1B overlap by an amount of overlap Os, arrays 1B and 3B overlap by an amount of
overlap Os, and array 3B overlaps with row 2A by an amount of overlap Os In the embodiment
illustrated in Figure 11, the ratio of overlap O, to diameter D is about 40%, and the ratio of overlap O
to diameter D is about 38%. In general, with a given cutier element shape and geometry, the greater the
overlap ratio between adjacent arrays/rows in composite rotated profile view, the smaller the height H
of cutting voids V of uncut formation. Thus, the overlap ratio between adjacent arrays/rows in
composite rotated profile o diameter D of any cutter element within the overlapping arraysirows is
preferably greater than 10%, and more preferably greater than 25%. For instance, in some
embodiments the ovetlap ration between adjacent arrays/rows in composiie rotated profile to diameter
D of any cutter element within the overlapping arrays/rows is greater than 40%.
{0115] In the exemplary embodiment shown in Figures 10 and 11, the composite rotated profile view
has few relatively small cutting voids between nose 42 and heel surface 44, including intermeshed
region 70 and non-intermeshed region 72, thereby reducing the tendency for bit 10 to track, increasing
bottomhole coverage, and reducing the likelihood of excessive wear on the cutter elements and/or cone.
In other embodiments, the composite rotated profile view may be substantially free of cutting voids
between nose 42 and hee 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
cutier 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 44, 6, and 8, a roliing 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 radiaily-outermost array of bottombole cutter elements 62 (i.e., 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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21. Adrill bit according to claim 20, wherein the distance is at |east 60%
of the dianeter of any cutter elenent within the array. 22. Adrill bit
according to claim 20, wherein the distance is at |east 75% of the dianeter
of any cutter element within the array. 23. Adrill bit according to claim
20, wherein the distance is at |east equal to the dianeter of any cutter
element within the array. 24. Adrill bit according to any of clains 20 to
23, wherein the first array conprise N cutter elenents disposed in at |east
P differing radial positions, where P is at |east three. 25. Adrill bit
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shapes, or be made with a different materials or material enhancements, Similarly, varving the width
and degres of overlap between the gage cutfer elements 61 on a cone and the nearest array of
bottomhole cutter elements 62 on the same cone provides the bit designer with more latiude in the
positioning of gage cutter elements 61 relative to the borehole sidewall 5 (e.g., engaging either higher
or lower on the hole wall} and in the number of gage cutter elements 61 that may be employed on the
cone. For instance, in some embodiments, gage cutter elements 61 of one or more cones [-3 may also
be arranged in an array. In a corresponding manner, the size, number, diameter, extension, shape and
materials of the heel row cutier eiemaxﬁts may likewise be varied on 2 single cone, and from cone to
cone, depending upon the size, arrangement, and composite cutting profile of the gage row cutter
slements,
j0118] Although the embodiment of bit 10 illustrated in Figure 1 inchudes three cone cutters 1-3, it
should be appreciated that in different embodiments, arrays of cutier elements (e.g., offset, stagpered,
fanned out, or spiraled arrangements of cufter elements), as described herein may also be employed in
roliing cone bits having one, two, three, or more cone cutters to provide enhanced bottom hole
coverage, reduced bit tracking, reduction in the formation of uncut ridges of formation, increased ROP,
reduced cone damage and wear,, and increased bit life. In addision, in the exemplary embodiments

escribed hersin, two arrays are iilustraied on each cone cutier (a.g;, cone 1). However, it should be

appreciated that in other embodiments, one or more of the desired benefits may be achieved by
inchuding one or more array(s) on seiect cone cutter(s) of a rolling cone bit and no arrays on ofhar 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, and a third cone may have two arrays.
[6119] 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 emploved to achieve one or more desired benefits. More

particularly, and referring, for example, to Figure 4A, the same number of cutter elements 52 may be
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wherein the cutter elenents of each array forma cutting profile when
rotated into a single plane; wherein the cutter elenments nounted on
the plurality of cones forma conposite cutting profile when the plurality
of cones are rotated into a single plane, the conposite cutting profile

i ncl uding an internmesh region; wherein the cutting profile of each
array in the conposite cutting profile at least partially overlaps with the
cutting profile of another array on an adjacent cone; wherein the conposite
cutting profile includes a plurality of cutting voids; and wherein
each cut¥Ryeq BifasFonisel s e Sh mceremegioned et e tosfr cutieg Bolpes tasteiuraieng
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I through 1B-10 in two separate spirals as shown, those cutter elements 62 in array 1B may be
randomly positioned about surface 48b so that cutter elements 62 within array 1B do not progress in a
spiral fashion, but still create the same composite cutting profile shown in Figure 4A. Alernatively,
instead of arranging cutier elements 62 of array 1B into twe separate spirals, pairs of cutter elements 62
baving the same radial position could be positioned adjacent to one another so that, upon moving about
the cone axis 22 along frustoconical surface 48b, there would first be two cutter elements 62 having the
same innermost radial position, followed by two cutter elements 62 having the next innermost radial
position, and so on. Numerous other arrangements are possible.

10320} Further characteristics and properties of the cutier elements of an array may be varied
depending upon the application. In general, it may be desirable for cutter elements further from gage
and intended to have a substantial share of the bottomhole cutting duty be provided with a greater
extension height than cutter elements positioned closer to gage. Thus, referring to Figure 34 as an
example, it may be desirable that cutter elements 1C-3, 1C-6, 1C-9, 1C-12, and 1C-15 have greater
diameters and/or greater extension heights, compared to the cuatter slements 1C-1, 1C-4, 1C-7, 1C-10,
and 1C-13, Likewise, the sﬁape of the cutter elements in an array may differ. Once again referring to
Figure 3A as an example, it may be desirable that the cutter element 1C-3, 1C-6, 1C-9, 1C-12, and 1C-
15 have an aggressive chisel shape, for example, while the cutter element closer to gage. cuiter
elements 1C-1, 1C-4, 1C-7, 1C-10, and 1C-13, may have a hemispherical cutting surface or a generally
flat cutting surface. Moreover, individual cutter elements within an array may have varving extension
heights. For instance, extension heights of the cutter elements in the array may be increased towards
the middie 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 1R-2 and 1B+4,
anc that cutter elements 1B-2 and 1B-4 have greater extension heights than cutter elements 1B-} and
IB-5. In summmary, the cuticr elements in a non- circumferentially arranged array may differ
substantially with regards to insert diameter, extension height, shape of the catting surface, twist angle,
material grades, material types, maierial 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 elements positioned in a plurality of

differing radial positions are intended to prevent the cutter elements from falling within previously-
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30. Adrill bit according to claim?29, wherein the cutter elenents in each
array are nounted in at least four differing radial positions. 31. Adrill
bit according to any of clains 28 to 30, wherein each cutting void within
the internmesh region of the conposite cutting profile has a depth |less than
50% of the extension height of any curter elenent in the intermesh region
of the conposite cutting profile. 32. Adrill bit according to claim 31,
wherei n each cutting voi d vvithin the intermesh region of the conposite
cutting profi has %, of he ext ensi on_hei ght of any
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and arrays of heel cutter elements on rolling cone cutters.

[6123] Bits having arrays of cutter elements positioned in a plurality of differing radial positions on
one or more cones offer the potential for increased botiom hole coverage, reduced formation and size of
ridges of uncut formation, reduced wear and/or damage 1o the cutter slements and cones, reduced
likelihood for bit tracking, increased ROP, and/or increased bit life. As previously described, by
arranging cutter elements in an array, the formation and size of cutling voids or ndges of uncut
formation betwsen the individual cutter elements of the array are reduced. Further, since the cutting
profiles of the arrays of adjacent cones do not share the same radial positions, arrays on adjacent cones
can be intermeshed to reduce and/or eliminate large uncut regions of formation between paths cut by
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 investion.
Accordingly, the scope of protection is not Himited to the embodiments described herein, but is only
limited by the claims that follow, the scope of which shall include all equivalents of the subject

matter of the claims.
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36. Adrill bit according to claim35, wherein the cutting profile of each
array includes at least two cutter elenents having skewed axes relative to
each other. 37. Adrill bit according to claim1, conprising: wherein each
cutter elenent within the first array has a central axis; and wherein
t he &JtAlddS:el ements of the first array forma cutting profile when rotated

intoja singhg g ﬁfl@reatth%taHo%biquéa@tmk&l%ﬁonfs%r@%h r el ements having
skewed axes relative to one another. 38. A drill according to claim 37,

wher ei n eadit bodnkevengtaar asonpri ses an array of cutter el ements nounted in a

plurality, Jlurgl' 1&“0‘? \/\,14%1 8&%‘ &Jtt %&%e‘&%tﬂ'étbﬂ' thag aﬁéa&ggetdr f’?o‘?ﬂmh%&ﬂgl

i nt er mesh “r'e N each ter enent has a cC axi s

wher eluffmetriueor@ukis,ewh@dne Hmhtcsna)cfutteanﬁuéas laajmé;mesh reg;on,ut ting profile when
rotated int e that inclu cutter el.ement
navi ng. skevBt ee BrRp e B AR sy TR eR Kb RLe BT ARR o
cl ai MisgSsed W efeahrhddB r6tibd 6f 2 Gl 0B StBD) Wheash the aghlamne duhd afst kedym a
corrp05|te cutting profile when the at least two cones are rotated into a

Si ngl@nm%ﬁ@gpé ¢ Wheh Bt IHE AtREtS g epr of i | e of each array at | east

partially a%‘l’&éﬁt?gﬁcdeﬂeﬁ Dehifs GHididdg &EH ifelrh&h o uﬁ{k‘ﬁtark@éoné%&yw&tﬁﬁ fadi acent
cone in the conposite cutting profile. 40. A c? bit according to claim

39, wirattieg profifchhapueteied iwd esisgle pibe,each array has an extension height; and

wherein each cutter element has an extension height;

wherein the cufter 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 that includes an intermesh
region;

wherein the cutting profile of the first array of cutter elements at least partially overlaps with
the cutting profile of at least one cutter element of the second cone cutter in the composite cutting
profile;

wherein the composite cutting profile inchudes a cutting void between the cutting profile of the
first array of cutter elements and the cutting profile of the at least one cutter element of the second cone
cutter that at least partiaily overlaps with the cutting profile of the first array of cutter elements;

wherein the cutting void has a depth of less than 75% of the extension height of any cutter

element in the intermesh region of 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

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 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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wherein the conposite cutting conprises an internesh region including a
plurality of cutting voids, wherein each cutting void within the internesh
region of the conposite cutting profile has a depth |l ess than 75% of the
extensi on height of any cutter elenent within the internmesh region of the
conposite cutting profile. 41. A drill bit according to claim40, wherein
each cutting void within the internesh region of the conposite cutting
profile has a depth | ess than 50% of the extension height of any cutter

element in the internesh regi on of .the conposit. utting profile. . .42. A
Gri 11 bi t " acHrH W  PUeRy P BPF iEloep SCORAL TOE BT ST RE BOFES 8T ament
in FachﬁﬁﬁﬁﬂymMHﬁpmﬁﬁgpﬁﬂkaﬁmbaﬁaﬁaﬁmdiffering radi al positions, where P is
at least three. . 43. A dri. bi ccording.to claim42, wherein P is at
Meast four Ve R gufing v besh st gt 10 2r G Moy UL gt B ek

wher ei nelahert @akd intonesicegien ciithd @mposite tdwmglprdiilconpri ses a first array of

bottom hole cutter elenents nounted in a first band and a second array of
bottom hole cutter elenments nounted in a second band that is axially spaced

apart fr,om theqf b stolapd dehatdMgrid: the cone axis of the at |east one
cone cutter; wherein the at | east one cone cutter conprises a total

number X of BertibrAchene cetsr pethe B S 2SS ATHOR Y Hemerii PBRe M2 Fadi al
posi ti Ofgy: MNLERLdNG =T 8t duBerQferm¥int Bontied iRk sdcBRSBan® Qs axially spaced apart from

the first band relative to the cone axis;
wherein the cutier elements in each array are mounted in a plurality of differing radial positions

relative to the bit axis,

5, A drill bit according to claim 4 , wherein each cutter element within the first band and each

cutter element in the second band is positioned in the cone to cut a bottom of the borehoie.

8, A drill bit according to any of claims 4 to 5, wherein at least one cone cuiter includes a third
array of cutter elements mounted in a third band axially spaced apart from the first band and the second
band.

7. A drill bit according to any of claims 4 to 6, wherein the cutter elements mounted on the
plurality of cone cutters form 2 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.

g A drill bit according to ciaim 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 inciudes one or more cutting voids, wherein each cutting

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



45. A drill bit according to claim44, wherein the ratio of Y to Xis at

| east 0.30. 46. A drill bit according to claim45, wherein the ratio of Y
to Xis at least 0.40. ROLLING CONE DRILL BI T HAVI NG CUTTER ELEMENTS

PCSI TIONED I N A PLURALI TY OF DI FFERI NG RADI AL PCSI TI ONS ABSTRACT A
drill bit for drilling through earthen formations and form ng a borehol e.

I'n an enbodi ment, the bit conprises a bit body having a bit axis. In
addition, the bit conprises a plurality of cone cutters, each of the cone

cutters bein nted .on .t Dody and adapt f ' AP, @
differeﬂg %€r§EW§“mﬁmﬁ4ﬂﬁg “WWW%%St %n v%gﬁé%gg?fég£§%ﬁ%%%ﬁglt g%%prises
an arr ayofeily attrt=Rmere] ements nounted in a band. Still further, the cutter

elenments in the array are mounted in a plurality of differing radial
positions relative to the bit axis. Figure 1
1L A drill bit according to any of claims 4 to 10, wherein the cutter elements mounted on the

plurality of cone cutters form a composite cutting profile when the pluraiity of cone cutters are rotated
into a single plane, wherein the composite cutting profile includes en intermesh region, the intermesh

region including one or more cutting voids less than 75% of an extension height of any cutier element.

12 A drill bit according to claim 11, wherein each cutting void in the intermesh region is less than

50% of the extension height of any cutter element.

13. A drill bit according to any of claims 4 to 12, wherein the cutter elements of each array form a
cutting profile when rotated into a single plane, wherein each cutter element has a central axis, and
wherein the cutting profile of each array includes at least two cutter élements having axes skewed

relative 1o one another.

i4. A drill bit according to any of claims 4 o 13, wherein the cutter elements of each array form a
cutting profile when rotated into a single plane, wherein each cutter element has a central axis, and
wherein the axes of adjacent cutter clements in the cutting profile of each 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 characteristic sejected from the group

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

16. A drilf bit according to any of claims 4 o0 13, wherein each array comprises N cutter elements

disposed in at least P differing radial positions, where P 15 at least three.

17. A dril] bit according to claim 16, wherein P is at least four.

18, A drill bit according to any of claims 4 to 17, wherein at Jeast one first array of cutter elements
includes a first set of N cutter elements disposed in Py differing radial positions and a second set of Ny
cutter elements disposed in P radial positions refative to the bit axis;

wherein the P; differing radial positions each differ from the P, differing radial positions.
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19, A drill bit according to any of claims 4 to 18, wherein each cutter element in each array is

disposed in a different radial position.

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 clements

that is at least 30% of the diameter of any cutter element within the array.

21, A driil bit according to claim 20, wherein the distance is at least 60% of the diameter 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 within the array.

23. A drill bit according to claim 20, wherein the distance is at jeast equal to the diameter of any

cutter element within the array.

24, A drill bit according to any of claims 20 to 23, wherein the first array comprise N cutter

elements dispesed in at least P differing radial positions, where P is at least three.
25 A drill bit according 10 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

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

27. A dril] 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 ciaim 1. wherein each cone cutter inciudes at least one array of
cutter elements mounted in a plurality of differing radial positions within a band in the intermesh

region, wherein each cutter element has an extension height;
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wherein the cutter elements of each array form a cutting profile when rotated into a single
plane;

wherein the cutter elements mounted on the plurality of cones form a composite cutting profile
when the plurality of cones are rotated into & single plane, the composite cutting profile including an
infermesh region;

wherein the cutting profile of each array in the composite cutting profile at least partially
ovetlaps with the cutting profile of another array on an adjacent cone;

wherein the composite cutting profile includes a plurality of cutting voids; and

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 imtermesh region of the

composite cotting profile.

29, A drill bit according to ¢laim 28, wherein the cutter elements in each array are mounted in at

least three differing radial positions.

36. A drilt bit according to claim 29, wherein the cutier 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, wherein each cutting void within the intermesh
region of the composite cutting profile has a depth less than 50% of the extension height of any cutier

¢lement in the mtermesh region of the composiie cutting profile.

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 Jess than 20% of the extension height of any cutter element in the

intermesh region of the composite cutting profile.

34, A drifl 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 elements mounted within a

second band spaced axially apart from the first band, wherein the cutter elements in each array are
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mounted in a plurality of differing radial positions relative to the bit axis, and wherein the first array

and second array of one cone cutter are mounted within the intermesh region of each cone.

35, A drill bit according to any of claims 28 to 34, wherein each cutter element has a central axis
and wherein the cutting profile of at least two cutter elements in one of said arrays includes at least two

cutter elements having skewed axes relative to each other.

36. A drill bit according to claim 33, wherein fhe cutting profile of each array includes at Jeast two

cutter elements having skewed axes relative to each other.

37. A drill bit according to claim 1, comprising:
wherein each cutter element within the first array has a central axis; and
wherein the cutter elements of the first array form a cutting profile when rotated into a single

plane that includes at least two cutter elements having skewed axes relative 10 one another.

38, A drill bit according to claim 37, wherein each come cufter comprises an array of cuiter
elements mounted in a plurality of differing radial positions within a bard disposed in the intermesh
region, wherein each cutter eiement has a cemral 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 1o one another.

36, 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 2 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 extension
height; and

wherein the composite cutting comprises an intermesh region including a plarality of cutting
voids, wherein each cufting void within the intermesh region of the composite cutting profile has a
depth iess than 75% of the extension height of any cutter element within the intermesh region of the

compaosite cutting profile.
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41. A drill bit according to claim 40, wherein each cutting void within the intermesh region of the
composite cutting profile has a depth less than 50% of the extension height of any 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

disposed in at least P differing radial positions, where P 1s at least three.
43, A drill bit according to claim 42, wherein P is at least four.
44, A drill bit according to claim 1, comprising:
wherein at least one cone cutter on the bit comprises a first array of bottom hole cutter elements
mounted in a first band and a second array of bottom hole cutter elements mounted in a second band
that is axially spaced apart from the first band relative to the cone axis of the at least one cone cutter;
wherein the at least one cone cutter comprises a total number X of bottom hole cutter elements
positioned in Y different radial positions, where the ratio of Y to X is at least 0.20.

45. A drill bit according to claim 44, wherein the ratio of Y to X is at least 0.30.

46. A drill bit according to claim 45, wherein the ratio of Y to X is at least 0.40.

40



ROLLING CONE DRILL BIT HAVING CUTTER ELEMENTS POSITIONED IN A
PLURALITY OF DIFFERING RADIAL POSITIONS

ABSTRACT

A drill bit for drilling through earthen formations and forming 2 borehole. In an embodiment,
the bit comprises a bit body having  bit axis. In addition, the bit comprises a plurality of cone cutfers,
gach of the cone cutters being mounted on the bit body and adapted for rotation about a different cone
axis, Further, at least one cone cutter on the bit comprises an array of cutter elements mounted in a
band, Still further, the cutter elements in the array are mounted in a plurality of differing radial

positions relative to the bit axis.

Figure 1



