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. [00051 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
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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 drill pipe and out of the bit.

[0006] 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 & 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 materiai of the rolling cone. Bits
ha\}ing 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
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row or the heel row where the inserts ream the sidewall of the borehole
elemgpts are mounted adjacent 1o 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.

[0011] Conventional bits also include 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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scraping or shearing action. [00121 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 penetrate into an indentation previously
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desirable goal. [0015] Accordingly, there remains1 a need in the art for a
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atcordarice tone embodiment of the invention, a drill bit for
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impoNotevebi tider 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 t0

reduce tracking so as to yield an increase in ROP and footage drilled, and eliminate other detrimental

effects,

SUMMARY OF THE PREFERRED EMBODIMENTS
10016} In accordance with at jeast 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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cutter elements in each array are mounted in a plurality of differing radial

positions relative to the bit axis. [0017] 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 bit

comprises an array of cutter elements mounted in a plurality of differing
compriddlialinasiions wikeidAHaNA@NINSERBR: CHItRFs WhREeHLERED GHURY bit body and

lement of tFEa? array _has a diameter, a central axis, and a crest. Still
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“between 0 cutter elements at_crest of the two cutter
cutter elpEpARl (S B8k igTay lwasreavedontheldraline asrdiffering cediel pelsifivaptralathinto the bit
axis. the array. [0018] In accordance with another embodiment of the
invention, a drill bit comprises a bit body having a bit axis. In addition, the ,
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crest o?‘%ﬂ'épc%%'t&ﬁé’r“é Qﬁ%%%é%!&ﬂh%% %ﬂ%”&?&r@eﬁgﬂ&%??%”'c& (NGL IS within the
cutting profile of each array in the composite cutting protile at leas
array. partially overlaps with the cutting profile of another array on an adjacent

[0018] CANR:MBARARLNAR UL BRRSISEH NN IR IRC LGRS 1 BUMBRYOS bit body having
cutting Vé}ids, wherein each cutting void within the intermesh region of the
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' ] . lurality of
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includes ;
P‘ane-é?f&ﬁ%ﬁgﬁﬁ%ﬁﬁ{e%ﬂmﬁp PR S AR NG R R PRSI S  WATRRP S b Siting profile
when tlisposelihirnfherstermeshakyion cinpieniatin theanmpisite cunhgrptafdackluding an

rermSUItEr element -4 within the array has a central axis, Still further, the cutt
T}E« [ .
e ments of the array form é%l?tt?ng 8%%% when' %Fa%ggl?r? (I)Gadgmﬁgl%epmg{c at least

partially|apiedant iishudess anvag raiils cofttarctieneTs Ravingrdiesomedbendes Moreover, the
compd@@MBing profile inciudes 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.

[6019] In accordance with another embodiment of the invention, a drili bit comprises a bit body having
& bit axis. In addition, the bit comprises at least two rolling cone cutters mounted on the bit body and
adapted for rotation about a different cone axis, wherein each cone cutier 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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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 adapted for rotation about a different cone axis, wherein each cone
cutter includes an intermesh region. Further, the bit comprises a first
array of cutter elements mounted in a plurality of differing radial positions

within \MMR@ pand disneaed '@ﬁﬂ%ﬁﬁ%f%&@g QB e ARG CHIR o cutting profile

wherein the cutter elements of the first array for a cutting profile when _
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profileCuitibAiRr SfileaiH002 knk) caGerraancewithinthe s RmP pifeeRis REMEs an intermesh

. invention,. a drill bit ¢ rises a bit hody haying a bit axis. In addition, the .
region O o o RO AR LAY ROUNERC SRS i 530, PG N paeps vith e
cuttindgrofitation laso oha woresiensnefrthesethsi cone @meeﬁmm¢m@mSite cutting profile.
Mora&@%g %%ﬁxﬁogﬁ%tc@{{izﬂg Blfolﬁgtﬂﬁhh]&l% C(Htm%r &J?d‘%%&éx’éeﬁ‘ﬁ}é%ﬂﬂdg ;‘}Jﬁg of the first

b utter elements mount

and and a second array of bottom hole ¢ edina

array R rRdid agiipepatispabat A6 the THETsiRrEre Rftie wrene cone that

at lastGRARRIAXiS:NIPECOIE ththamGane Giker 6RNipHSes A JotakiBusbamX 0fhe cutting void
ottom.hole cu relEe ents positioned in Y different radial positions, .

res = GRS I8 P o1 P R BTo0) FBO25T E BRI e biggion of e

compdsieairtithgisroBimprise a combination of features and advantages intended

‘j6g21] toi@Q&B?é&X@ﬂ%%ﬁl&PEtxﬁ%ﬁiﬂgﬁt%?@@%@&;%w gﬁHﬁ"ﬂt@éﬂp@i@é@ G&Sit body having

. The various characteristics described above, as well as other features,
a bit &y b FUUURNy S5 EARS RS E LIBACANR Wk APOUISH PR &Rl fedy and adapted for
rotaticko UbsviNng datadide deseipline efdheupteiarred BMEthmRRts fandmdy of bottom hole

cutter %?g%%ﬁﬁ%%%%cg %EQ&%QX ig.]r% grs%\é\ggg gfrgy Bollgtlygtlt:m[l)n I%o (é:cRJt?eIIe e%e%t'; 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 (.20,

{0022] 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.



[0023] 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 | is a perspective view of an embodiment
of an earth-boring bit made in accordance with the principles described
herein; 10025] Figure 2 is a partial section view taken through one leg and
one rolling cone cutter of the bit shown in Figure 1; [0026] Figure 3A is a

front elevation vigyy gfroneeithergoneeuitersf AReit shown in Figure 1;

~ %0027] Figure 3B is a top view of the cone cutter shown in Figure 3A{- .
10023] - TR BYE G A RS REAe h A RS ShBRRG T e PBTSft R om, reference
will noveuitingiprotile sbiheautiedralampe Ribegiiposed in the cone cutter shown

in Figure 3A; 10029] Figure 4B is a partial enlarged schematic vi :
< dan
L S S N R
- with thefisipoiptad deseribeddmeeioutter shown in Figure 3A; [0030] Figure 4C is a

[0025] @%&@Iﬁ@g MaHe VbR VRGUERAANINLSITaiNG: SN PbHANYiRE AHFRTHM8er of the bit
. radial positions of cutter elements of the cone cutter shown in Figure 3A;
shown TDB’@HeFli'gure 5A is a front elevation view of another of the cone cutters of
jooz6] tRigubit S evurfrishiignee ol viB03 2 ghiteeoBniscattap sfehe bif thevavineFttet;
10wn.in Figure 5A: 33] Figure 6.is a schematic,view showing, in
[0027] %?%'feerg%fgéqléptﬁg‘g& tl%a (']f))}]gfl ‘é%eg?}%ﬂ‘gncﬁﬁ}}g%ﬁelg%’ents disposed in the
[0028] Gogmrechiftel sheheniptiFigigre SAV0032] PigaterTaile dhfroHEBRVEIRS GE e cutter

elemenRidRRE:0 ANBNERO LIRS SRRGCHERESOB e bit shown in Figure 1; [0035]
Figure 7B is a top view of the cone cutter shown in F%Jre 7A; [0036

> CL ]
10029] (Figpire 4Pids 4 Serah RIS PTG RRNHEE oAt Leltis SPEtReProfiles
of seleciidtbanetibiemie Miepisdisnhseshérciher canencuttegahown in Figure 7A;

[Q037] Eigure 9 is hematic re entation.showing a crossr iQnal . :
] D PR g kLS oI Eon 7 DB e i
positionsOfsuttpragitalanewishoeiprcusich smaticafyzardbit: rotated profile, the

[0031) %%159;959[@5 lesat albafdheicvitenfigrmenraotdhethies SaneHaultess of theure 1;
drill bit shown in Figure 1; and [0039] Figure 11 is a partial enlarged

[0032) JFigues ARASALHP ShEICiFPRSSHET FIOTRE AWty profiles of selected

10033] CEiftere elemendshomiitie Wsaeshonmguitersunbdheraitil, ieshoviy iprbfigesreflthe cutter
“F gETAI ED DESCRIPTION OF . THE PREFERRED EMBODIMENTS

eleme 58k cone cufier shown inF

Z?BTSf & o?owmg ISctission is directed to various exemplary ‘
[0034] Jrigvioditfieints Bbthelpretmnyiew of one of another of the cone cutters of the bit shown in

Figure 1}

10035] Figure 7B is a top view of the cone cutter shown in Figure 7A;

[0036] 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 74,

[0837; Figure 9 is a schematic representation showing a cross-sectional view of the three rolling cones
of the bit shown in Figure 1;

j0038] 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

[06039] 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 mn Figure 1.



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 following description has
broad application, and the discussion of any embodiment is meant only to
be exemplary of that embodiment, and not intended to suggest that the

scope aftha Hisplossseripaisinerhere iR aTes SOhAUENTS
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gg}irhta:qn 16 that serves to protect the cone bearings and cone seals from |
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shafts graisrsrebiienctitdris bgdy 12. Bit body 12 is composed of three sections or legs 19 (two legs
shown in Figure 1) that are welded together to form bit body 12. Bit 10 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 protect the
cone bearings and cone seals from damage cansed by cuttings and debris entering between leg 19 and
its respective cone cutier. Although the embodiment iliustrated in Figure 1 shows bit 10 as including
three cone cutters 1-3, in other embodiments, bit 10 may inciude any number of cone cutters, such as

one, two, three, or more cone cutiers.



[0041] 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 are absorbed by journal
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are similarly, although not identically, configured.

define a contoured Zone of cofivergence betweer frustocotiical heel surface 44 and the conicai surface

46. Conical surface 46 is divided into a plurality of generally frustoconical regions 48a-c, generally

referred to as "lands", which are emploved 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.



8 [00441 In bit 10 illustrated in Figures 1 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 surface for cutting formation material.
The cutting surface may be symmetric or asymmetric relative to the
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C cutter 1 further includes lurality of.ridge cutter elemepts 63. ,
0 ECR TR S 81 o ST BBt f R e Borbanr | incudes
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BottoRlBMERERE 2elements 62 are designed to cut the borehole bottom 7 (Figure 2). In this
embodiment, bottombole 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 a2 plurality of ridge cutter eiements 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 still 1o Figures 3A and 3B, the cutter elements disposed on cone cutter 1 may

generally be described as being disposed or positioned int six distinct groupings. Starting at nose 42,
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[00491 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 |
includes a group IA of bottomhole cutter elements 62 disposed on land
48a and offset from cone axis 22. In this embodiment, group IA includes a
single bottomhole cutter element 62 that sweeps along a single swath or
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verlaps with every other cutter element within the same row whe
There B B Ll L S Memetinal olorRa TR e rly spaced apan
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profile. 100521 Referring now to Figure 4C, as noted above, cutter
when glgpfdifsre8tet Bital ABCaE B pas SR AlHMraty Birame sHg Fakantial row do not
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. utter %I merfui on a cone cutter is measured from the bit axis | 1
VIGWE:% 1n rotate

perpen |gﬁ?efrf’y to bit axis 11) to the central axis of the cutter element at
[0esz]thReferiag et the igurredtune noitienbtive. sangewiamentté? albanept B are disposed in 2

piural rHIESHER RaRIE ARidrdk (QIRTASRPUOBRASHIr BAILOREROIS. GRERYNY particuiar
position) when viewed in o . ,
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 eiement 1B-1 has a central axis 90-1 that intersects the surface of
cone 1 at surface intersection Sip.; when viewed in rotated profile. The radial position of cutter element
1B-1 can be defined by radial distance r;p.; 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 90-5
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rotated profile. For instance, cutter element 1B-1 has a central axis 90-1
that intersects the surface of cone 1 at surface intersection S1B-1 when
viewed in rotated profile. The radial position of cutter element 1B-1 can
be defined by radial distance r1B-1 measured from bit axis 11

(perpendicularly to bit axis 11) to surface intersection S1B-1 of cutter

element 18-1. Likewise, cutter element 1B-5 has a central axis 90-5 10

: inter. f J int i -
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Figures 3A and 3B and continuing to move towar ace 40, cone
10856] - ftedsrring still to Figures 3A and 3B and continuing to move toward backface 40, cone cutter 1

includes & 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 iocated on land 48c and is axially
bounded by groove 49b and circumferential row of gage cutier elements 61 (row 1D discussed beiow).

In other words, band 47b does not encompass the entire land 48¢.



includes a second array | C 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
49b and circumferential row of gage cutter elements 61 (row ID discussed
below). In other words, band 47b does not encompass the entire land
48c. 1.1 [0057] Similar to array 1B, cutter elements 62 of array 1C are not

di goi \p' umferential r but are jnstead disposed in differin .
0057
S e aIAtG (6 TS it s T Clon Bt oSt SEvHTgmial row:
but argingteasidispaedois Aiftesingansinl ipeitigoalrpiaths buthatherdut bff$einsequently, cutter
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e e e S T R R amoum o

fluid fopropiaiesndbradineriaostt BdnuTerttel S Riess toldmann ebh adifigregterves, 494, 49b

may pEFRNhWERHENRIGHIER Slamants ahrongCyHeE 1, SRecilisally » Peaves A9 wit the

nd 49b allow the cutting surfaces of certain bottomhole cutter elements
cutter %f f%

R R BPLD AP phs S8k ER #hd toRlchsenttingsgfaces of certain
bottongrae putich dadeatsad bBcandbeiweeandaria\bids Fean te ikt sRARMBUIBSHS group

1A and aﬁ?ﬁ%ft%glxeé&ggpﬁﬁpfﬁa%@ zgrac):lolrteo c'grqg guéltgr q]: ?e%ggct%tfje }egrvgiﬁout comntacting
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 & "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 cutiers be as large as
possible within the borehole diameter so as to aliow use of the maximum possible 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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[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. Performance expectations of rolling cone bits typically require
that the cone cutters be as large as possible within the borehole diameter

maxim3Q 2SO BHeHsRRF e BRI RERREIRE AT DIOrINeN A8 of the
retention depth adequate to secure the cutter element base within the

rows oL GiEIsHEBISATD LB ATEES4 2 MERINTITRE MR COREY GHAFHEMSRY Shifiagrat cones as
the bit aceepiabicdnsethieiestnh amdsprdtitsin Blcatsine aftithe stofs mhcCtiti@ince areas or

gmveseg%ﬁ-‘?ees”%%cﬁ{ie %%%Rﬂ%ﬁ%&?%ﬁénb&%%? Jie, tows of cutter elem p&?dé’é‘on adjacent
agjac nt cories as t It rotates. In some.cases, certaln_ rows of cutter
cones sglafrieatly e theriptoragieirutiel chamente Grediownt GHEGHCS HEProspb frathgy. td he term

"internfedLling RANSASKED RYLLIS HRIAMLBIR AN IRBS G AR WS AR BYIA&HL RIement on one
adjacent cones so as to allow the bottomhole cutter elements on adjacent

cone o AP g R RRHIRTIRAE PY- PRGN IO RRIFHEGR OB e SWEFRERZFATS on an adjacent

cutter. defffigatd 0, Meanteversgl ofiativndhiy befvadclednt anescliitéy elemertalin sfwevn. Each
con ter with the enyel ' by the maximum extension.of t

o Lo R B A e o

on thatpigiwastignbeThe shtgielemaes thag miseiserh aticamgis b vEaph 1 ¢bakan adjacent

cone "EHitREdr3\NasiRA enuelanre A0 Irdelingshly fhaymaxinue sdapsionNeidhhe 2 and

of the cutter elements on that particular cone, The cutter elements thag .
breaks SRYSIRRSCHY b PEBPEEK AN SRIRTD PRCTB T S B e B GBS Tt & hREEHY described

above,Witld thiabadjeeentncbierd-0r examplédaray 198 Hisakhenvealaopadfiteofof certain

bottorr{:n% eecgtt%p %ert:))ree%kg?.eo \é%}lb%p et.lc:O%e(gu%%geZ ?éd%p {[(p egseg %é%d@ée rtmeedc’ur%t%rs glements 62
with cone 2 and cone 3. As briefly described above, and as best seenin

of grofigurerg YrawvBs AgDeifden s 2l O ahe atttin§ shreresustichriaspectively, without

contac! ét%ﬁ@%lﬁ'f&égt% slemants:fe of adiRcaRRONR GULBESHEWANL:3HR:RASSnbodiments
between the cutter elements 62 of group 1A and array 1B, and between

where the ntermeshing sHiter slemsnsdiael et TSR SIRMBE At sgoves may

not be@@esstirface 46 of cone cutter 1. It should be understood however, that in

[0061] e%l%gndfnm%mﬁl 'é/c\)/ i 1§ etp ?A%edrgﬁeégrllg%&%trt? rn%\ef 'iﬂ%%‘gc?rg genﬂ%ts,c:en)geecp a(tjs being divided
. su |C|en%ygr%1r, cledrance areas or grooves may not be necessary. _

mio an QuemesRefepging dfArdte FguresBAhghde8RNCcOhe lbugrasertlmaipneshetbregion 70
extend? SRS prRGE-A508INY divigedidOtRAN dtermeshedSeQionAEANG.& cutter element

non-intermeshed region 72. In general, intermeshed region 70 extends ‘
furthest SFRTh RsRAia e SR S B He A AL 458" iterm D OB AREISE (72 generelly
extends\fiter mlemesteduethast frorhatidse: 42) thaibdsttern éshgsrwitheaumtfgcent 1B, and 2

._cone.Nqn-intermesh reqion 72 gengrally, extends fromdntermeshed. .~
P b 0. e T O e oo
array Ynledn pertioisroteaited yegoni&inf geaciswémeshed region 70, while row ID,

0062} O RN REL RS TBINARING RANBNG @i & HetRNRBHRBEM R8RS biements 62 of

region 72 of cone cutter 1. ) ,
array 1B are assigned reference numerals 1B-1 through 1B-10, there being ten cufter elements 62 m

array 1B in this embodiment. Cutter elements 62 of array 1B are not retained in cone cutter | 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
Nip cutter eiements disposed in Pyp differing radial positions, where Njp is ten and Pyp 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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100621 Referring again to Figures 3A and 3B, for purposes of further
explanation, cutter elements 62 of array 113 are assigned reference
numerals 1B-1 through 1.B-10, there being ten cutter elements 62 in

array 1B in this embodiment. Cutter elements 62 of array 113 are not
retained in cone cutter | at the same radial position with respect to bit axis
11, but instead are located in a plurality of differing radial positions.

five ratRPONIGRLY 1R SRS SMPeime N 6aCh £YUIRLS/8M gﬂaélr% Bl i %ﬁﬁ-&@m cutter

of array 113 is disposed in one of five different radial positions wi
elementn | Bri2ad PRatehanitbrenty radiahpesipiies demeati&-rvhaRt§ share the same
radial slisipeseshter e aifiang dadid-pepikions wwheradibBiziten, and Bd& Sements 1B-3
d 1Bﬁv(ga. In ﬂ%% embogé)%ent,tshown in Figures 3A and 33, two cutter elements
e o aﬁ'y?%ﬁ? RGP0 8T M each of the 13 five radial positions. In
[0063] pSaitl culamingtte Falerrebis 4B -FRnchiB-bishere thic Sameyradiatpesitpos] reference
numerSY ! 1 ﬂiﬁflﬁ?m%-]i%?’ﬂ%@%ghﬁ%ég%me t gé@%%@?%@?ﬂ' %‘&gﬂodiment. As

__ element 3 and 13-8 share the same_radial position, cutter elements
with cytierelepants 8295 aAmE tRe SHfRS'FRURIF Soitisraant ahst eleipghis apessutier 1 at

the sarﬂé‘?a&-i%! %@sﬁmrevim?@@eammﬂ{ad;@pﬂtjmﬁé faleissd] %-'hcﬁ%iéfffiﬁkgatglﬁﬁw% differing
.. 3A.and 3B, cutter.elements 62 of array 1C are assi reference , .
il gt R U LS ERe B TREEI it BRI vS 2R Sisposed i
one ofafheeg KiTanethiisadimbpokittiant. @satﬁditﬁiﬁmﬂglamnﬂsfﬁﬁldﬁm ay;d Bytter elements
disposgyﬂﬁf’%%mﬁﬁ% @gdﬁi gﬁrs"f'%r’]lsc »@iﬁ@ré‘?ﬂé‘%@fﬁ%@ Qﬂ%’ 'ﬁ?cqy%éél- %ag%%icuiar, cutter

same radial position with respect to bit axis 11, but instead are loc n
elemengsdfurlitl o dirériter IFadmd Bodiidige Bpsumrradjelinogiion pirsisarisasats 1C-2, 1C-
5, 1C-gutten elentents1Cslathiay eliCrtPrestisRoseO 0 RR AR ee.differant c.o, 1c.
1 q%i%_p%giti ns. Stated differently, array IC includes N1C cutter elements

- 80 iSp S&GFTR P BmanS Pﬁﬁli%'positions, where N1C is fifteen and Plc is
[0064] tHrelerringparfigulard Sutherveteyren totGal hd € obidCigmtGis1E, ehwbd€118e positioned

in one AN RRD A RIARRILO IS BIRMAUR Hile femend @200 A 1B (cuner

and 1C-14 share the same radial position, and cutter elements IC-3,
elemenfg1B-} trqugh iy [ienepetidpacthis sameé aeidifisoaritd ifoosaipretasdiigen bottom
hole cligeigetRMALc The AMenty-six-Botiomho lErCLERHIBMENS 52 AiaaRRLIRAMRe of three

. .positioned . in one of nine ynique radial positions. The ten bottom hole
it e BIAFS £2 SHar L o U e e P ORFRL AP S50 aens 2 o
array kﬁ)smi@tt@olsihugt@rimmrﬁ\ield iffsangaadiabposigons; thefiftpen Hotiampdinien differing
from tféy;as_{a%%@?mo@%@b%ﬁ&x e Qﬂﬂ%?és&l%%?@&%%%“ﬂé%m&% ) MBrefore, the

ositioned in one of three differing radiaI%Fosmons that each differ from

ratio ofan i M HY eSS PO RO BRC ST BRonGBIEtE2Y BT My rrbos g bREom hole

cutter Siggtabeftosnnple maten semerts? of graupilfosseHpiesi@dadiabpasitiaements),
ing. from the radi siti bottom hole cutter elements 62 o

differing, 1 | p ns of th J f
Stated g e RS G R A T P RO T e cuter
elemengptédnickpleXuite valameintsn6@itobotbtadmu mbevofb attomebaley cutférent radial
positiogxke@g.[“ﬁ of £0P% S aReMiRdede, Ahdr B ifio BB ROSILIONS H84d8% 50, in this

)y 26 cutter elements).
embodiment.

[0065] In general, the greater the ratio of unique radial positions for bottom hole cutier elements on a
given cone 1o the total number of bottom hole cutter elements on the cone, the lesser the likelihood 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 ratio of unique radial positions for bottom
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Stated differently, cone 1 may be described as including a total number X,
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., Y1 is
nine in this embodiment), where the ratio of Y1 to X1 is about 0.35. or
35%, in this embodiment. 10065] In general, the greater the ratio of
unique radial positions for bottom hole cutter elements on a given cone to

hole CLH?& Q%Lﬁym%tgﬁer%?lﬁoﬁHﬁq{o@ %H%f‘e?‘e%%ﬁﬂ%ﬁ%?&f&%%ﬁ@ rmay exceed

the likelihood for bit tracking. Thus, the ratio of unique radial positions for
40%. pottom hole cutter elements to the total number of bottom hole cutter

[0066] Slanasrisalea PRiticdlar @@%ﬂ&@!ﬂ@&ﬁbkﬁ@bﬁ@ﬂ%&é’s@rﬁ@a BO%yoash (Figures 3A
ore erefe;ablg/ at Iﬁast 0,30 (or, 30%). In some imbodl ents, the ratig of
& FREE

and SE 0 A BEAEHr bttt TG 0L BN Gk 0 Semens 61
eic.) perimiibahohibditoforhetercuitéiskiégnentsioha partie flamesoe mwsriekembddvance the

borehoD 72:140068] £ A&&Rgﬁﬁ%%ﬁ%ﬂﬁé éﬂﬂﬁ%@%@lgﬂ@ 106 Iqlrﬁx%tfﬁ& of each of the

represented by arrow 80 (Figures 3A and 313), the cutter el’éments of

cutter ?56‘?\‘@“15 e @HWWHWW%M@@E@Q B ELIEEFB RSACTREE profile view.

Thus, BiuredgsicdicallihbiidRedopmiondo gislestevasrolumenafitbadarmaiionle views of
ial and adva ethe hoIe F ure4 schem ically illustrates

ateri tical
eroup o D A RonMEF G S P Bt P A B STRBHIS 6. o 1D
of gageomerleratatedbintmdrsing e gilbere cgeneratiyrtetfied h_erei_n as a "rotated
[0067] pfﬁ’%‘&né’r‘ﬁ"‘ﬁle IM@@&%’% %ﬁ‘ at‘iagx\% rrHLQ'EQ &F&E&MW SR adial position

cutter 1, |nclud|ng rotated profile views of group IA of cutter elements 62,
with regpes) 19 hebis s Setesm along Gvbsianiiglly the semperiErchvengs e fromatioy asfthe cone

rotatesOATRC fﬂi?}hﬁi@m&fﬂ&% > ek e &ﬁ@femf@hutt@ gﬁ@ﬁgﬂiﬁsp_@@ilnw% Tdtdled in the
e al,. the cutter e ents_on a cone cuiter aVI sSu ant t . .

rorared g et SRR Y Lo Iy SRR e 44

it beinmmgmeopammmmgmm ﬂ@matsoma&ethalméaereﬂatesafﬁmasgm element 1B-1

since ﬁ%@@ﬁ%&! et PTYORS-CHiten slement kg given radial position is

labeled in the rotated profile views illustrated herein. For example, onI?/
bg- B-6 include

[0068] - Refsranerfehiol Berms 1ap avib Trerdivau, B peifer GHarsidito
cuttingC Witecelanae bl ha- @calﬁo fotpéesoRiaNg devsante path assutiehete NNt labeied in

tt | 11 d th di
o A T AL e e o
1B, havetterioeswentss 1Bt buntb&iCbhinehusé ! endtitgissrifiorstthdboibiheidewal! 5 (only
cutter QiQrﬁSﬁt 18 hehrehaisidewallQdanl. culenelement b faldabe gt 1Mrough 18-9

Figure Iféf%ﬁ while cutter elements 1B-5 and 113-10, the radially-innermost
cut at &Eﬁ%‘?ﬂé ehtdBYSh My clemepnS duthrg auirkRes HRal GArisaist gements 1B-
2, 1B- b taam}gglql}mmm}reésirémm the borehole sidewall 5 (only cutter eIement

0069 5 labeled in Fgg{ A) Cutt r elegnen s113-2 thro gh.113-4 ,
[ 31 DRSS 1150 Tt & SRS AN betveeh ¢ ?Fé?‘“él‘érﬁ‘étﬁ"fse emens are
pOSlthmS-nrOtBS@whd fuiBs6 fbhB{(20 ¢(onty tuttemelexmets b1Senerally described herein as

spiraled 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-5 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-5 may be
considered its own array since it inciudes two or more cutter elements (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 overlaps with the cutting profile of at least one

-~
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2, 18-3, and 113-4 labeled in Figure 4A). [0069] This particular array 113
of cutter elements, where a series of adjacent cutter elements are
positioned progressively further from (or closer to) cone axis 22, is
generally described herein as spiraled 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
other oI ISAIES BCSRIA) ABNIRMEnts I QUHEL LEMENIS AP ANONER i viewed
-5 representing afirst spiral arrangement, and cutter elements 1B-
in rotatgerptagte 1B ovoe répre Sekifiviseatiheswandsipial amensgaame frapfrtkiteddarrutter elements

1B-6 thé@enT R iy ﬁia?%s%'iﬁ!ﬁ%ﬂggéfh%%r@@ﬁ%%ted by cutter e_Iements 1B-1
through 113-5 may be considered its own array since it includes two or

10079) 1 {p, ST B RAIMResthE §YO NHBPEISHTRh BT IR TRV RIS B ARG S aTay 1B)
may ndlifipengatia ipbgdisitansd instedo thdiadid] Hositindiartetor auttingeprafileidin cach spiral
each cutter element 1B-1 through.1B-5 in the arrangement pattially. s
e o L e A SR 2 G YRR M B il wioun e
array. 18ich thirgergh MBS ovikire thieasdriessribgthemepinding s st sxrapgpaegmidN, cutter

elemediCHIER4A (RIBIeHREAIC LA USE: Hds LK@ WIS ot SREGRHIRIFRIN, cutter elements

, arrangement represented by cutter elements 1B-6 through 1B-10 may N
disposgiad b %ﬁéiraf&fa%%b\?ﬁﬁ’wa&}%e%ﬁ%sﬂ%@% G s R piitering

radial posit@rgpiral arrangements within an array (e.g., array 1B) may not repeat

oo71) " ir%'n‘?r‘l’sﬂﬁr%éﬁl'g‘gré” eaddhe 5%8"%'39%?@ 125 e‘?%‘e?n%itst%?x',ei‘é‘?ﬁltl -7, 1C-10,
within e&ch spiral® may Be uniqtie as coniparéd to the radial positions o

and 1(cdanchidnsuniie Aot aFithtsinstsinicitee boreplsheh afval aytirajement 1C-1

labeie&’%”ﬁéﬁré?@@ﬁ%ﬁﬁé@ﬁ%@é&ﬁ@ﬁwqi@g ,alfd'f%ﬁ, ajrapgement f NI €Lt rhe radially- |
elements disposed in P1 dlfferlngé’adlal positions and a second

m%ﬂﬁ@ﬁ@ﬁ?ﬁﬁ\@cﬁ&%% e ecﬁgﬁﬁgeﬂlﬁﬁ‘iﬁ? %i&‘f‘pﬂgﬁﬁﬂn@, biherls 11 and
furthed? frdiff étingridiavpositienyy eactr ditiesdrom 3hebB cdliftinge radialutter elements 1C-

Rosijtign 71 erring still to Figure 4A, with reqard ta.array IC, cutter, .

2 O A el L R R R S oot
- radialifheareetrtiseticiodenent tHe boretoltCwall & (Bl citmndetetresiements 1 C-3, 1C-6, 1C-
o, 1c-iabeteddn Fighredfkabile sHerelemMent $id Cogiral Grlnddardhid GidladREelements

1C-15, the radially- innermost cutter elements 62 of array 1C, have cutting
1C-1 107pygR 46 thERPRUE RIS TS BRI Y SlTEeRTFthest HEeth bbb FaNGisnRag e second
spiral, a6 ¢ienides alemahioheh 3 (abelpteiantiguictAl) sfitlterate ralemtsnt Q€20 through
171C-5, 1C-8, 1C-11, and 1CG-14 (only cutter element 1C-2 labeled in Figur :
1 o A G M T TR B P i pire.
Thus, pEay0lQ @3 endestrikad cte ishdingCine 108! POATRENENE ead- $5ir4h arrangement

includtRiSradangeMathear gy diGdnciudes:vriahial AUIRGEM Rt LY S ne rotation
elements 1C-1 thrqugh 1C-3 rePresenting a first ?ﬁji,ral, cutter elements

80, thy EPP BRI RTS8 rEPTEISBITHIE": SeddRt 8P, ClttePER M SRraigty the opposite
directithretthb sbZaDarepresent nfcatthikdespinal | Cultiir@lgnients 1Gxid thtough

[0072] Referring now to Figure 4B, an enlarged 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 90-5, respectively,
and a crest $1-1 through 91-5, respectively. As best seen in Figure 4B, the radial positions of the cutter
elements 1B-! 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
element 1o axis 90 at crest 91 of an adjacent cutter element, is uniform. For example, distance Z;

between cutter elements 1B-1 and 1B-2 when viewed in rotated profile, as measured from axis 90-1 at

crest 91-1 of curter element 1B-1 1o axis 90-2 af crest 91-2 of cutter element 1B-2, is substantially same
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1C-12 representing a fourth spiral, and cutter elements 1C-13 through
1C-15 representing a fifth spiral. Thus, array 1C may be described as
including five spiral arrangements, each spiral arrangement including
three cutter elements in differing radial positions. Relative to the direction
of cone rotation 80, the spiral arrangement of cutter elements 1B-1
through 1B-10 in array 1B spirals in the opposite direction as the spiral

as dlst%f{?rﬁeﬁ%%? E él?&«‘? £nE. 21%& fyqugh 1§as%r5ea df%”a FodA0f Zhest 912 of

eferring now to Fig ure an enlarged part|a rotate rofile view o

cutter ahraynim%rm@waw = gt Q&tﬁe@fewfﬁreﬂ@m 1B3robigh R Sasriigicpdsoprequired

for cléardiRE QRMARE:SeIReP CidntbRUERHE7 RIPELTIYEN0 RN CERSE ks vithin an amray
when thrmgh 91-5, respectively. As best seen in Figure 4B, the radial positions

S Rered npiUR e 1 OB 1B-10 are staggered equally. In
j0073] othehivexdsptherdistaah Zubet\alaemadma:ehtougntmemnfm|mB®iatediiameter of

0.562Pi0MHe] 1§ Laudt (st §§1§%&8§‘“§k§'8@?§ 2R 99 AL ?tjeré’ of between 7 7/8

cutter elentent to axis tcrest 91 O ana acent CUtt ment

inch ap@éfeYinFbdistensipfey di Sabrtw En @@fﬂ?@@ﬁt@mi‘e@@@w@ﬁt@i Biﬂ%mhes

[0674] 1B R-whenyigweehinsotated E‘lréi\f;@ﬁtsa@f‘i‘ %%a@dﬁom ﬁ%‘%r%@i&rl?tsﬁ&ﬁt about the
91-1 of cutter element IB-1 to axis 90-2 at crest 91-2 of cutter element

cone 5373 Dy SEE 619° 2T 6° TR Bt Ao 2 5T B BT R B Lor olearence

with difer2camda dBagnas fmeagmﬂadpfcmmrawg&(ﬁae aiteredtDinR ofitciutter array (e.g., cutter
ehmeﬁ{?ﬁ@?%“l&% 18.3%15:99:3 9k %uw&f 191-3 of eutter element 113-3.

However, a eS|red orre or c earance with other cutter elements,

[0075] i dpRIE ZRITBYWBEA RgjEeRTt Cilbe itemRsh ES ZiothTY ancapeals inveragral, the principles

descriv@WBEVD JRIRE RIRIHE MRAYNAIORIUBITRIDIPRLL T XA BBy partialiy in
where eac cutter element 1B-1 through 1B-10 of array 1B has a diameter

intermsshyyegadit il apd Padialg ’E’S‘h%"tﬁ?’ﬁsbf%glﬂ%ﬂés IPYSTAMG, RIFHing agein to Figure
4A, ahawiply ehcimdtees fitdzetween clemihtdnch atadd /4 dheh aeistanderiy vp&dbk‘:te about the

cone &%"‘lf%fytﬁ f%o?%{%te 0:040.n¢ %f? %r;tga%uﬁ'r%% hes b I L LGS G et non-

_ each o en cuttef elements angulary-space
uniforgy gbeHECAEHE A% 22 by a uniform 36 as best seen in Figure 3B.

0076} H@W%@Sﬂﬁfér&ﬁb@&:&ﬁé}u'fﬁ@&%@'ﬁ@%ﬂf@@%h@ﬁl@&%ﬂi@i@lﬁmﬁﬂ% 1B-10 of
the angular positioning of the cutter elements within an arra cutter
ey e LS ORGSO s 90 of

-each dulthotighearrby- 1 BuisupbdiBioriael mﬁmntmitwn@shdiagmmommf soface Uoiim which they
are di gralsihe prin JE’%&‘? of€ 1% ! bove gpp! an%“%&%éroéf‘”aéé%s q‘ﬁpl?gu‘?ough 1B-10

non- mtermes region 7 arrays partla yin 'intermesh region

are sl@waqfaﬂm@i W&Bﬁ&ﬁ%@m@@@mwz Lisspinstants, detesning Ggdiaesh 1C-15 of
array TOWEE 4éh pdtARDN sasheldie fillean: aulter.clemanta-llnl Yaredls and are thus

1C-15 are anaglarl spaced about the cone axis 22 by a unjform 24,

skewed kEr BRSNS A BN BLERMRITS M S W aFGEIRET ShACR YR B-10 within

array Uiifendh lyuakbotibeene aXisl 28rab@b 761 Stitdfuithaibdd theskmbadimeeieral, the cutter
eleméu{'ésw%'ﬁg 'Q) Figrli{eé% CYHRE %EQ&QSISI%BI %5?58&9‘1%%1%10 array 1B) may all be
substantially parallel, or with some cutter elements paraliel and others skewed.

{0077] Still referning 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~] 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 through 1B-10 of array 1B when viewed in rotated profile, has a width Wz generally

between the innermost cutter elements 1B-3, 1B-10 of array 1B and the outermost cutier elements 1B-1,
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array 1B are each positioned substantially perpendicular to cone surface
46. In other words,. axis 90 of each cutter element 1B-1 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
elements 1B-1 through 1B-10 are skewed (i.e., not parallel) relative to
each other. Likewise, cutter elements 1C-1 through 1C-15 of array 1C are

1B-6 o?‘%ﬁhgfrlg% Iti\()ﬁg ec1 L%Et'%h%p% '%LU%RJer;‘I‘??oBa er A%f% 1@' ?neasured

hiis Skew not parallel) relative to eac
from m@&éléﬁwwga%ﬁﬁreﬁ@wmb twnﬁm 9arPasf @@m@pmgﬁeﬁ@ﬁ@ﬁtw -5. Thus,

in gendfar kOB Gr %59%%8&%6@ 2% eed nl. 88 Be Rnhe: CUlRbr the innermost
elements within an arr% cutter elements 113-1 throu%h 1B-10 0

cutter giemeni 8 the e iy PRSI, SRSPSi COPS /iR 2o %%B?«?ﬂssufface 44)
to the pasatittirndiethesscakawktheld07 41 5l (fe mingr tchientiardBsthenhasaone axis 22

and cl SES gt'e?({]ml'gglds%gqacg LJH?&;EJE e %\%1 m]g tcl;}r %uoqqh Q f}lsa‘sniqv% 8?%8%&9 pr!;@ile It being

ment, each cutter elements 113-1 thr
undergmskthﬁtraﬁyw of gnetielisleoeet D fltrenigen T &mmmreaf: Fregudace of the cutter

elemeRISIAGREHRINIRN GHEAkAead B havsuiheamertiamaierod GLERRF dbfen: 1B-1

cutting profile of array 113, as represented by the overlapping cuttin

interseSER B B M EY R SRS B3 ARG 2 10 bPLSHES ESTe %i%@ﬁ’ws crest

91-5 ¢fi eatatettpenfilB-Has B ididMAY R, géaetsl B betwelen Hladammemh asbeing measured

from %‘Et@b %'%{“f s¥59}]130fr’ b%tlé%n% gzit? rg%meer’ltaf@ F%% gwy E%Hq 8] retsl.;F §1 3 %f innermost

ments 1 array 1B. More specifically, when array 1
cutter gepey i@r@tﬁt@ﬁ%@ﬁt@nwmﬁlwﬁm i dsvirsdiiomtardsrofiie gfowever. in other

embo@MEHNRSE GiiIRE glomantil Bakd:chastl - otinngr FOsnie: |8 Mment of the

113-5. Thus, in general, the width W of a particular array is the dlstance
arTay PR PR AR & e Y et BY tPRETAINETRYBE: St eRARE MeoTiRe g Epnost cutter
elemmuﬁﬁﬂﬁlemgnhglmﬁt‘@se@nﬁeaxmtﬂ tacfitines: fronernaahsitrtdaReddday. In such
embo&o ents [hefeSt ﬁJth% g%rar?'r%szt Crlijlté&rm("alg S Oefcax@s r%?ly?_lgmef CUt ec{n:t lement of the
ement furthest from the cone axis 22 and closes Feurtace 43

array Wﬁéﬁ et @ftthsoppirotitesiofuttes algmgnisofiéweerdl Yorndbeprating prafeinef the array is

v1ewée1ﬂi¥%§@@%r¥5lﬂ& the seshef @ SulierelemertdsdhePointhon oF Hﬂeaﬂ%r tl‘@gﬁ'esents the
of the surface of the cutter element furthest from the cone steel. In thi

width of ik 8T RTB BRS¢ ot 4P LU Er ERE R I 93F AR Pé’éé@lb?éékie distance
berwedil tieafreititos aleinentrdB chitardefutnert txis@0-5 of cutter element 1B-5

0078} '”‘i%r%%ctﬁﬁ&?%eﬁJﬂiﬁs‘ﬁ’{)ﬁ%ﬁﬁ?fiﬁiﬁmﬁ‘t\%& WL W3 W' {b%u? 495} ¥ diameter D

B may a escri as being measured " f rom a at crest
of angqutfepelsmermobitamer Henio8eEBy for HERvVa0 Bier @i@@@@]g@mpm the greater the

widthi QKRR StrAUHRYS @é@faqa& b3 1wbetbEN e SUHIRI PRALIg:Ql AT RYs 1BdSvidth W of an
vlewed in rotated profile. However, in other embodiments that include

armay 1 ST G S5 TB T 08S, T R RN RS St PG B P D of any
cuttertkenamrayvithay thobinterseet theferasy i therininersost dulierddement) of any cutter

eleme?ipg/ Bﬁé'lﬁh %Oﬁﬁ@%:ﬁyé%ﬁﬁ%e%%tﬁ{e GJ% o?];ﬁﬁ%[ rn@fh@ H’%s ed region of a

intersect t st of the outermost cutter e ement (0) array. n SucC
cone o eresedHRD\niate an o theohfbaydiameisaSurs droviiticcisraeiiof ithim the array.

Howdbaernapsiie uah@amantnaf #ifeasing 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 arravs on adjacent
cones (e.g., cone 2 or cone 3) to allow for sufficient clearance.

{6079] As for arrays in the non-intermeshed regior of a cone cutter (e.g., array 1C of cone cutter 1),
clearance with cutter elements of adjacent cones is iess 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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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 rotated profile (e.g., width of the cutting profile of the array) as well as

the distance between the innermost and outermost cutter elements of the

array. 100781 In the embodiment illustrated in Figure 413, width W1B of
cutter gi@t%&?‘@liﬁlf@f@}&)ﬁ?r%%rﬁegﬁaﬂgeH))r 195&!&,%&%€d?}|1we%¥ Et"xl’tahm(;a I t 100% of

~1B. Ingeneral, for a given cutter element geometry, thef;reatelyt & Width

diametgy Bf an array, the greater the borehole bottom coverage of the array.

0oso) TIRUSrthie Willth Woafan arkay 48, the dtermeshedifagionphsi CONR& Wighents 1B-1
hr is gﬁegﬁqa?l re:#}er tji\an 25% of the diameter D of any _cutter element ; ,
ougitHi the a@y, fore bfé*fe%a%ﬁmﬂflatéﬁhﬁﬁl@o%d&t eafdristériaeppt formation.
Specimymmﬁr @llemmmet Mimﬂhe@rlmﬁ.lmtﬁomﬁ}em@ﬁi mefitserithe sidelthall @bsitioned
relati\%i} Y D E?{?R'e% ép@%bﬁﬂer %Qf?bg%%%ncﬁéﬁ%e a ﬁ%‘cg%%egl%%o{a Em'ay 1B is

even /5% o lameter D o cutter elemernt within the array.

relativeig\Ragkbl sheh ert dnbataieri ereido dothiprmrtiem s iseoiietingweldarer ridges of uncut

formal ML PReRRAHRYRNVRRE] CARRCHERENE - UB-FORRddn MBYI NEGESTHARR is reduced or
er. or.reduced width W ofgne or more intermesh arrays on adjacent

small :
Substaeaﬁ@seew?% n@P BRI TRAEMR A SR GREsTe ST ARG SPEpYED Refween the
indivifioplanragtseipntbe snidh i nterme dRetretian, of i aome RIMBS (fers theraytdd@adio reduce

. : I tter nts, of adj nt cones is | ;fr uein
o S e TS A e
contagi Sl etlpiisieln tyes segeensCYmERYABIEBYRN 100% of the diameter D of

[00s112NY 48KaHtel stewen withia-the nasintermehakiay: fahipatancestieh 1B-10 1o
width W1C of array 1C is .about 100% of diameter D. 100801 Referrin

ng ...
form &% YSRGS 4N ZRHIPBIMSSREH S PRt LR tHEBERetitnl) Bufrdfurelity of differing
radial alevinomnts 1R likelihooh i he afargaip bBavitettRukstantiatathe CRtin fall entirely

s Wid f ' ma ;#? pecifically, cutter elements 1B-1 .
mthlr%h%égl%%ﬂl(%-%%%%%gﬁaa;& %\%Eg% su &eﬁ Iya%%ghee aé(fntt ]bgfs%lxﬁgrrl?ee ?glagf[i%gllfs reduced,
therely| geduedne dboh roteasali 11, Herarkiance Torearsels adjerentietatcrisionfrsental row of

cutter@fsnieay . 1 Butnerelatbrabtamah sdahdhab/in reiated-prefiler hedernatianhrougt 1B-
10t ?‘Pd size of ¢ tin% \Y; ii?g% or ri jg}es of uncut formation between the
o e

o AP o ST AR PO BDTE Ao diQughors-10 can o
incressebstantiptyedlininates By etleiciferdhnformaficntendesizaof ridges of
u o ndivi C I t -1 throu
‘““82}1ﬁ%%%ﬁ%ﬁf%g%%g%&g% %%h%%étgl??ﬁ{gﬁ?o re:?utc%égltI e QQ“EO to form an
aray fiRe FHdS @' Shauriatesirap Rfidertairir g ssgetsicons coapditeestitdt-1 through 1B-10,

array @ RTRASIRS RiEAMa] Bbnd Selising: sariast wWithsalatiMalyidarae: $89BemMsuy: ridees of
of uncg{t1 f%{ ation. 100811 In addition, by offsetting, staggﬁerin , and/or

formagin, fds P8 BhTERTS B Vit POL SR PEC 10 TP A AR Hgmeng; of cone 1.
reduchy [csibonirfgrceitteneimg entsedBd ] tthron gl ik B-d@riza gl uralipyred differiogventional

circumferential row of cutter elements, and increased driliing life for the bit. One or more of these
desirable benetits of array 1B may also increase the ROP of bit 10 &s it drills 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 W¢ of the adjacent formation. Array 1C will cut a swath,
leaving minimai 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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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 potential for bit tracking as compared to a
conventional circumferential row of cutter elements. Further, by offsetting,
staggering, and/or fanning out cutter elements 1B-1 through 1B- 10 to

or are F&Eﬁbéfﬁ s@x‘iﬁﬁyb%ﬁve@{ @ﬁﬁﬂr%%%&$$1%¥ﬁ§9?Cbi’s%ftﬁﬂgyel'émﬁ@%&%ﬂay 1B, by

hrou 10 can be increased as compared to a conventional

reducingy @y mﬁmeﬂmmt@r Eamberad 682 rBydsrs aftingusfagpainngbetween the

mdmd@ﬁ!@ﬁ&eﬁ%l&ﬂéﬁt@U@Q%ﬂ@fﬁmﬁm%ﬂﬁrﬂytmﬁﬁﬁﬂﬁ} l@i%ifﬁmfpc@éﬁﬁéﬂ to reduce
t ame ti e sufficiently si onln tter

the Tk LB TS ST LT o0, A e A e 1

{0084} fdﬁcawln@rbém@mmrgdmwtﬂomﬂm fancigzerofumecelerndged 6f1 through 1C-15 to

form aI? 08, E%dm%gxﬁpoﬁh%mg%ﬁéreé&%ﬁﬁ’%v? rﬂ?dﬁﬁ%gﬁ 10 G006 3Pdiffering

the cutter el of coneé 1, reduced likelihood bit tracking,

radial Rogiioas dhp Gheitond % dhe PagB HEPCRAHFISE %blaeebm@mum 1C will fall entirely

within Cdfei:aEEfofﬁB%#%}%%&Uﬁ@ﬂﬂﬂﬂ%tﬁyaﬂ%ﬂmr@aﬁ&d&m&ﬂ?dﬁw the Ritreduced,
or more of the esira eTILs or arr 1B may also incre

thereby IR0 G JPTOVRL I T B AR Io0g, AE4RRTH A b ming ou

cutter alsmoeme 1CkOtéHtR®mEh ﬂﬁblljof@hﬁien canttmaefleirﬁent&rin:hbtﬂomlh@h kOvdrBgef by cutter

elemerﬁgr?@' 11&&5%% %'ﬂ%ﬁ@@é'ﬂ‘“s\‘egg?dea@tg&ﬁ%%@ W%%o%%ﬁﬁoﬂgll%ﬁ%%ferema i row of

formation. Array 1C will cut a swath, leaving minimal uncut borehole
cutter ¢)gMeiF 7, at least between the cutter element axes of the innermost and

10085] OUEHTIRSHEY htLB rﬂaﬁﬁmtﬁ)@ieaewfﬂs@&d@ %@gﬁ&fﬂgdﬁcﬂ&r@ﬁﬁﬁfﬂmﬁt‘m elements
C-1.thr 1C-15 are siz itioned relatively. close to each

1C-1 %fﬁ'é%“(u l%ng’ gtaﬁee%ﬁ% Snﬁa&ftt’é%% 1 SizfpgyPRE REsitioning

cutter pddateuely Srdipsgich@hat, anasoﬂ&t@dfmdhtepumml rdgts Gfifomnatienclte - reduced

fonnaﬂ% Iosnaed atall, oo A elaiveymal 1%&%‘38&‘ SHHIGEEIGMEES & dhmage to
hrough 1C-15 of array 1C. As with array 15@({] reducing, or potentiall

cone ]eﬁ'ﬁﬁll iRghelTsrmiatenoand sieerettitgd fﬁELthWﬁﬁﬂéﬂ%é?Wé@%’omm hole

coverdftadRehviEal i Ulteneleoantsittmlatbranaiw Gr bouef ar@ynlCariadekSed drill Life
Iso offers the patential to r ikelihoad of u desirable w

for e 08 T R S R ARATE o G GPRY ot GOREEE DA e 10 i

drilis thyoudfsittimgiostaggering, and/or fanning out cutter elements 1C-1 through

100861 1q{e}f§nt91 f%w t@%z@(ﬁ@é’ §g &%QB b&{ 8%&%&9&&5&%9 %Hﬁ:ro@z%@ﬁ% rg(ﬁ]g'g’ 1&cludes backface
hroug J.gC 15 in a plurality ofdlffenﬁg radial positions), the likelihood that

40, n%ﬁémﬁ?@aﬁpﬂ Brscconer dRshivReeitfneasraspeelliroRifebiTaty 4Ritsiesn nose 42

and hE#RLQFRIRdeNtatian el evieus!y:taimee aday mﬁhae&uﬂ@rﬁle@@h@&@r%m 61,

C.is reduced, thereb th t ti b t tracki t
S ey ediong hepocul I LUZCANY LU B

cutter ¢CrkBtfdi2fernaraangad ay aCy d\i’efalhbﬁttt@nﬂwmmec@ywﬂﬂy @ttespaced-apart array
2B, aElSMENIS Mk g, 1G5 SaRbe dnereased As.SOMPACHIS Red in & phuraity of

conventional circumferential row of cutter elements’
differing radial positions such 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 &
plurality of differing radial positions such that cutter elements 62 in array 2C do nof cut in an identical
path. Disposed between rows 2A and 2B is a circumferential 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 68,
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100851 As with array 1B discussed above, by offsetting, staggering,
and/or fanning outcutter elements 1C-1 through 1C-15 to form an array
1C, while at the same time sufficiently sizing and positioning cutter
elements 1C-1 through 1C-15, array 1C offers the potential for the
following benefits - reduced formation and size of uncut ridges of
formation, reduced likelihood of excessive wear and damage to cone 1

oos7) 2REIRG e%&gﬁr ?JT%% IRS G9RSA, d&%ﬂ%ﬂ-‘?ﬁﬁﬂﬁ‘%&“}%%g.{%QI'HJ&C%%Qcmer elements

INncreas ole coverage as comﬁare o a conventiona
of adjaehaiAoTesdransl JoRPOP iYL cfn 8AES, ok dninERsal Edth aHtiFeclRmrene ofien adjacent

cone 1QR8. orrmfarex@dﬂ@sﬁer rﬁ@|§fb¢%ﬂ@@%ﬁ£ﬁ£%’oﬂr§p¥6ﬁﬂn§l%é@%@§%ﬂﬂ%oes not
ROP of bit 10 as it. drills through f%matlon 100861 Referring

includg-gaYes s X BB S ol %ﬁ%mgﬁ?ﬂesﬂ’e%mﬂﬁd@ ackface 40 and
includdsacifa?e, We, 1ivgedddw@nerally frustoconical heel surface 44, and

j008S] gﬁ&%{ﬁﬂ ﬂi?@ﬁ#ﬁi@s“?ﬁﬁ%ié ?ﬁlvgr?&l} ?%S%égd%%gweeﬂ&w&%%%%ﬂﬁer elements 62,

|keW|s ne 2 includes cutter elements gage cutter elements

referend g A ERETCEiREETEt S Re i BD it el gEangad reddinshisagmoa | mistoconical-

shapedof&;%%tb?waﬂ@%ﬁ Weﬁ&i&%@%@&l&yt&@ﬁ@%ﬂgs 02 ﬁ@ﬁ%@f&ﬂ@@ﬁiﬂ & particular,
row 2A %on&s %PL%(? two cutter ments 62), a spaced- (%Eart arra

cutter geRak &r?‘&ﬁ%%}‘ Y SRt HBHNEME B o ‘5‘? ormm amount
generatlis pesedn L& pdudality af shiffertng nadinpoSiionk sadditithataetafteIC includes twelve

boﬁonﬁ}%m% ERARAL" ?eﬁ 8’518}&1{’119@1&%% Eé“i’c':ﬂaﬁgr %B Hstead G in a band

et or staggere pat S. L| ewise, cutter e ements array 2C ar
81b ums@é@mtnc%ﬂmﬁ@/reg@mrwré%ﬁawbﬁhuﬁm%éﬁrm&tbemﬁ@p gage row 2D and

array %ﬁ@%ﬁe@&ﬂ%@/{wé@g@mwd{% @ﬁd?@ligﬂ@i}z%d%m%&% axis 22 by a non-
etween rows an IS a circumterential row orri e Cu
wniforg O e % 1A O SIS o S TRURIHEET SRR P [ PR 2 7 of armey 28

and cugagdeautiardlententeitiCspactaapafl emva-weittumifesgatidbbow 2mel, in general,

the angﬁgxl tg%r ed? ﬁnttselgtglegloul%gaf?a%%%%%éﬁe@g%reéor“:i' gfngng QW %ﬁﬁi and row

cone 2 interme ments of adjacent cones
arqaﬁﬁaggé H@W@ér‘}%ﬁhyl-‘?@%s not intermesh with cutter elements of an

[0089] 2QsrER Ry QQFE%L&eCH ﬁlemuﬁsyiﬁﬁ%ﬂ’c@)?ﬂ H@l@ié\ﬁttzpem&%i &dends HOMsitioned in
roximal nos to, but do ‘f ﬂlg e ar ay 2C, w CIPQF non- miermesh9 ¢
one of B FSEN sﬁ%ﬂ?l?ﬁt &k b0 856’5&8‘5 GBI SRR of aray

2B (careayi@asntoWE2D mmw&ﬂ)m@a@ﬂeﬁrmgﬂagﬁl rhte: FigiglesoSificardthe tweive

botton? Eol9%@&%&%@0%%%@@8@#8'&%“ E ?}g% Iﬁ?fa%eg&gﬁ%ned In one

herein as cutter elements 213-1 through 213- 1 arran in a’ban

of thragsagioh FRSISRNSIARE SRCB Wi drpeinnr i RSB 01 AT RORBRDS 63176 Zmay 2B; and
the twBIMERI MBS WML HMILRRTR Eq%a&plrbmaggcul%&%%&lmﬁo%ﬁ each of the

tthu h 2B-12 are angularly spaced ut conge axis 22 by a nop- u iform
radis GRHHE QAT BB AP 55 Sl 5aSt Sh A PG o SBFRIeT. e rao o
uniquadditib posiiray ﬂf: bothud désioveke db@ttmmrﬁﬁeccﬂteetoeﬂemema_ 62pottom hole cutter
clemeFRISEREEA NS RINRAR Al ERts RC 1L, thHolal i A0 EANEADLINA B3R %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 cutier elements 62 in this embodiment (Le., Xy Is
twenty-six), positioned in one of Y, different radial positions, seven different radial positions for bottom
hole cutter elements 62 i this embodiment (i.e., Y2 is seven), where the ratio of Y» 10 X5 is about 0.27,
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



81.b 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 seen in Figure 3B. Although cutter elements 213-1
through 2B-12 of array 2B and cutter elements 2C-1 through 2C-12 of
array 2C are non-uniformly spaced about cone 2, in general, the angular

that in g&%‘%&ﬁl% 8 %k%%%g%&@%%@&ﬂgﬂﬁ%&gﬂ%ﬂ& %ﬂ%“é@%‘%’]‘cﬁé}%mms
A and row 2A"are arranged oh a land 48a about nose 42. fOO

62). Referring to Figure 6, the twenty-six bottom hole cutter elements 62 of

(0090} CREGiAECIRAPIBRNEGkE: epmaiseen uateadial ROSWOAMSshare the same radial

.. Specifically, the twelve bottom hple cutter elements 62 of array 2B (cutter
positiop g, R ROSEOPTH, FRTGH ?é‘?fbi“égéep%iﬁi@ RO P RS [l gy Outermost cutter

clemenpositiong 2B GuekreldatonihoCRuiieBelemenB BsodrathayRE faditigrosition and
> 1.thr I i j of t radial
o RSN 5 YR O SIS O VAR s

array 2vraljomanias quiise dwoehistdi hiedcdlid: andmBnts Srrefhewmaradielpysition and

are po@dRRBLRARLIOME HfsEndiremsashhibensasialpegitions efhatiemheley 2. In
cutter elements 6'%’80f ar(r)%)ZB and array 2C. Therefore, the ratio of

this arTgReEmen] SHIHOSIHBRE ot BOLSHSBIE et S8R SR e 40 th&Tgah 2B-6. cutier
elememuPROE thod it B holé autierlcalemealits] 6 ZhaduphriB 2 seadhoiohd 2shiml &7&ipement,
.6 radl iti ivi t ole cutter.element

respeciyly, WL RO Bl 0 B A UL OB B S PPN Bangemens,

each spial GgbERIPANHBUE EAhratcvEh RlcmEnthviisiiegardi® orBHIMole cutter

[0091] eﬁ%ﬁgfﬁg%?tb? QM@I _ Sém&t£i-%-§%54%x-%m,z_a;s_)@iiiqfﬁﬁébiﬂ%?oaﬁm radial
.. 0 Imrerent radial positons, seven dairrerent radjal positQns 1or pottom

position gl LR BIEPHO A RS T ARG o A eSO R e BURhost cutte

elemenatid ofdy 200. XQiteadianéds 27 - 3022-6/2.CAMthamd git 4 0 ayRBhHa eltdesdalgly@tion and

r.el reay, ' ements. 62 an
s o A o e e O 1 AOR M mens of
array J4nid Erensoung quttraelpmsaticiat2 at-atraly O whfrdy Fhevethngasgitadig position, and

are poﬁHBﬂB@'b@tfu@éHQﬁeelﬁﬁEQﬁE& (R85 CRHRMRIBNICES R &Q@&@l&%&r@%ay 2C. In
h a&ré% 2B. cutter elements_2B-1, 2B-4, 2§-7, and 2B-10 share the same
15 ayanesy &&3

PlsHRTaRE e D oSitlo B ElbSst 1o Wik LEMEts A And RYERE 6 curter
elemedroRC Hitiaxigl X(He etermeoktentteIC el henishAlCat tagp B S uttpiral arrangement,

respecgl)%m%}fhi% T -6 &g,’ 'zg'ra%%%%f}; ge%l@é%%%}a?&(‘%‘ﬁ&ﬁ%@ggggﬁQﬂﬁnfements,

and” are positioned closest to'bit axis 11 and furthest from heel strface 4-
cach spis] JHARIPSSE ditedingcineneT algrasta) KEranmgdwresiiersmEstative t the

directiBod cof Rotdior 80,206 BBalldahaiadhe sams dirhROSIIPRNEh 88212 in array 2B

.. positioned between the innermost cutter elements and qQutermost cutter

PR TR T L7 28 S AT B PR B e Ph e SRR 'elrﬂg%gfﬁi?&d@ﬁmy 2C.
10092} 2 BB, refitengele fignts 2 Bhd tivacuighc?ii-Giccutibarrelete méﬁ&@dl’moﬂgmveﬂapping
c:u!:ting:,2 %f&ii@{‘%fc HIHRE %@@&R&%@%‘%&Géﬂ%@ﬁ'ﬂ% %3&1111{9 NP, ﬁgg@red as previously

arrangement.
described. In this embodiment, width W3 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 profiles of
cutter elements 2C-1 through 2C-12, has a width Wi measured as previousty described. In this
embodiment, Wac is 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 borehole, cutter elements 2B-1 through 2B-12
of array 2B will cut substantially the entire width Was of the adjacent formation. Specifically, cutter

elements 2B-1 through 2B-12 of array 2B are sufficiently sized and positioned relatively close to each
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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. [0091] Regarding array
2C, cutter elements 2C-1, 2C-4, 2C-7, and 2C-10 share the same radial
position and are positioned closest to heel surface 40 and furthest from bit
axis 11 (i.e., outermost cutter elements of array 2C). Cutter elements
other (25 -Bhe Histhhcd G Pordbth 2Galnbhate Hen3a8rAfdiabROSIHARIRAY sA¥81) such that, in
positioned closest to bit axis 11 and furthest from heel surfac% 44 éi,.e.,

rotated; ralieote I AERIB AR %51 05 PATREC Y O R A RTSE Ut teliios g ween the
mdiviiﬁﬁl-&tﬁﬁeﬁn@ﬁﬁ Réhilaghastherahme mdiddsposilbnelanidaade pdstones cone 2
rotatesbg %’e? g?rjxea?o%mcgggn g g’r%gr'i{tstgf}ell %ﬁpc%n%sgl?zo&l %@%%}gﬁ%ﬁggﬁgﬁ@fﬁe entire

array n - this arrangement, cutte ments
width ¥lemé s @EcantfrongtiorC46, ettt eltenelsn2s of tvwigh e gttghgiements 2C-1

through BN £lements 2€-10 trerrhivGild eaphJonmA-sRiteh aHANGL ARl profile, the

respectively, within array 2C. Thus, array 2C may be described as _
formatiqp s SBLF 5 &f SRS BREmrsIR DoRveeh G ai o GETRERERRI qing through 2C-
12 of dbteeCuitemiriRenissimdifiedtigiradial positions. Relative to the direction
10094} 0 Corgc%umtg tt.oenfgrcr)ﬁa}tl?oe S ﬁasllzaerr?rﬂlgg rp%rllltn% ig Utcggtr\v%!a%rﬂseenig’?d%lfd'&al cutter elements
throug 9810 array% spirals in the same direction as spira
withinggrrapg e éit afrenttdR eRShraptsofier thehpoigghe ©- IRt sgr by C holpegzyage while

reducind thECFREIRSHIOF IRHK Ainib e ataled RrRfile yewhe harra i BhuteP 8saBiadbf cone 2
by the overlapping cuttln%‘??roflles of cutter elements 2B-1 through

resulting FOm AT NTRHARTS Y Higa SRR B bYBO IR s ribed. In this

r0095) eMbaditeansy withoAs? Ssrigehiot 4000 ohdiameatenBeotiamyreuiBrlelenught?B-12 to

form WighiaBagg%ycgt%r E%&he{é %{ %Be B@g&eu\)/ i%\)lz\_lmoggarag@ %’ re%rig es%%%ng cutter
%?/Yhe overlapping cu?lng profiles of cutter glements 2¢-1 ﬁﬁ%’éué o ,

elemena 2 B-Wititbugh 2B 1 andi raitiea < iprespio 126]y! dbseigh &4 1R thispesiysbidiim e miurality of

differibéF5ais BRQHRL00% i : BOh A StiST.QlRRenL Wit Ay 2B, 2C will

[0093] As best seen in Figure 6, as cone 2 rotates in the borehole, cutter
fall enyesly, svitumq STaepn gRREE e MBTe WP U Al BRe U ABPLELRIE RN L BT 2B: 2C.
respeatii@dth, W RSsaf=th ehadincefitdaniatimnerSpetificallysd biteradiemehigi2B Hy offsetting,
through 213-12 of array 2B are jciently si ositl relativel
sage iR S et o N BRSNS B AT B s 2
through fnd At ot af 2B 4o Hebatiowhneimethessebiheitien clomsrse Ardfitrogsl 2B-12 and

2c-1 fRdnation and size.of tingrinids.qrdifaes ShUnrih iRIRRAUeR HIERR clements.

the individual cutter elements within array 2B is reduced or substantially

b
10096] o i B HINGI ERGRSEING S 015 BOPHARE MR REMd e dutiEelenfsntso! amay 2B

and cRfrlelhretg Q- izcokaray 2GlutiaculGubsirntiatly theentire suffdibntly sizing and

.- W2C of the adjacent formation..As with the cutter elements af gpay, .
P R S 3G O ot T2 oy SO B e g 2012 f

array 3fdapesitiBhed saeh afien tha potened frchirelolievifgrheaatn ardusizbiemnation and size
of unéii9ReL T AL AlaR-bewasRdhe dndividual GHHERY slamantS@te2 and the curter

through 2C- 12 of a_rraly 2C is reduced or substantially eliminated. -
elements of Cone 2, reduced likelihood for bit tracking, increased bottdm hole coverage as compared 1¢ a

conventional circumferential row of cutier elements, and increased drilling life for the bit. One or more
of these desirable benefits of arrays 2B, 2C may aiso increase the ROP of bit 10 as it drills through
formation.

[60¢7] Referring now io 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 cutter elements 60, gage cutter elements 61, and bottomhoie cutier
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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 to cone 2 and the cutter
elements of cone 2 resulting from contact with relatively large segments

- of uncut formation. [0095] In addition, by offsetting, staggering, and/or

elemerf@@'nﬂl %ytp%tcﬁ{g%@@ﬂ@dz BB%MH%&%#&&%&?J%&%@M Qtpgl a group 3A

cutter elements 2C-1 thouah 2C-12 to form array 2C (e.g., by posmonlng
(consisting ¥ sotingle et an wirsliy FPeeropan ATEnt AR clefoetD @xielik agss apart amay

3C. C@&T@exﬁ@ﬁ@%ﬂﬁﬁbf‘aﬁ@ B}Hr@xbﬁﬁﬁﬁ ditferina d asiah postiansudhthat cutter elements
6 i Ilkelgkﬁd that the Cc’é’i é?r utter elem P%sw'thm array 2B, 2C w 1 . cutt
n IR SRR AR ARSI Hté?%?? Fay SBP‘FéF?ﬁﬁ AT ‘F“ arky, cutter
elememgsitiz obbemelt efcatispe B 12 Gifraspedinlelysieotessehdoh there Bleofies6g in aray
3C dofif A'GIIRIIBRISEUGRT PAUBGNDG FHnELDY ISEILNG o RIBAACHRM row 3D of

and/or fanning out cutter elements 2B-1 through 28-12 of array 2
gage caiigisicatenticttsreecdianpitdinghaxacipisreatity o3 hokhan! Sbtfﬁsrﬂw@s 60.

[0098] cwe&@gg @w%&ﬂm&%@%kﬁ@g&%ﬁé&aﬂ% é@tﬁ?ttlﬁmhfﬁcoﬁ@or more
increased.as com nventonaj Circu lal row O
cuter JNEER AR S5 LG e Pt SRR SAAT TS QPG fom proxima

nose @ememﬁs ﬂBuﬁathromh 2i8nic2tof i3 ﬁldﬂmuwaemiem&snts@@&tet elements of
adjaceliQHAM 26 2 AAY: 2lemiiiN'S- A ANE, M LNE ?»‘dﬁ't‘f&%@&'l’nm #%hree radial

positioning cutter "elements 2B-1. through 2B-12 of array 2B and cutter

positioaeinsprisobit Rsroughcors1p dforpisymesh seigrs 2B xreds fem onermpg: region 70
to bac@@t@mnadntpﬁlﬂmé@mﬂ@abaeﬁatﬁs-om@%d: fop@lion anchakee, RIS Hhd row 3E.

s, of formation, reduced likelihQod of excessive wear and dama e
Thus, G SRR IS TSR ATEY 2B AT Bt BB B 70
{6099] tr&ckinigingrraseti hotto i rolk B veragéfascidipate biganigda ventioriahents 62,
refere&é%ﬁ%@{%mé?érﬁgws%fﬁc‘1“&%& ments, andnereased Qﬁﬁ' A'?ifﬁ&&@&i%‘é ~shaped

One or more of these desirable benefits of arrays 2B, 2 ay als

region g s SShubitb MG 4ite toras RV Hrsudh MSHTRHD ﬁAldegm]‘tR@Pérmfgm cutter
elemeRQWHQ ﬁ@&@%ﬁ%&?@aﬁ&xi&%%&:ﬁaqm%m% 49,2N@8RAL60° as best seen in

Il ical h urface 44, I f
Figur A e I B RS SRS S FISHIGE: Eorfe 5 TG s s 3C-
1 thromghteiCeRdmerise60, igag bandtitivelpment§Gio@natdettaahotgioutterlad8 48c which
encircREBENS.62,:all 8P E%W%‘ﬂ?%&i%%@ﬁd @%@%@%ﬁé@ﬁ St?m%%?azabout nose

are arranged ina g rouP 3A (consisting of a single insert), an axially

42, I pyEe shapt 2 PRI BICHIFY a%rﬁétra%&%ﬁs%%é@daag&ﬁlaﬁa@ﬁeéeb@uw axis 22
non-ufiRMeN5H6 &ﬁéﬁ%@ﬁﬂﬁsﬁi&&@ﬁﬁdfd&lqlﬁeﬂﬂgﬂ}a@]ﬁkmﬁ’dﬁﬁré@eﬁLi@m&ﬂx?é 7B.

tt relem ts 6 |n arra 3B do ot cutin an ide tlcal t inste
o100 feFag R P SR RGP AP See Posiiones
in onea:sémhsposmd mlmifﬁamtgamad %iepxﬁ"salbnﬁzsmhbﬂmhmrcmmrﬁsz 6 of array 3B

(cuﬁepé[é}xetﬁ%gol Qtho%cft |§‘g'i 'g%%gﬁ{oﬂgéhn Iuyi(eeo(f%%é &1@&%3 r&ﬂﬁ%g’sxtlons Further,

includes a circumférential row 3
the twenty bottom hole cutier elements 62 of array 3C (cutter eiements 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 unigue radial positions for bottom hole cutter elements
62 1o the total number of bottom hole cutter elements 62 of cone 3 is about 0.33, or 33% (i.e., 9 radial
positions divided by 27 total botiom hole cutter elements). Stated differently, cone 3 may be described
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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 | and 2. Thus, intermesh region 70 of cone 3 extends from
proximal nose 42 to, and includes, cutter element 62 of array 3C that
intermeshes with cutter elements of adjacent cones 1 and 2 (i.e., cutter

ement 2 0 ar hat ar |t| ned | he three ra atto
as mciu a to um er mNn =5even. o "17 m hole cutter
os jons c osest to b| axrs cone 3 on- |nterme hregion

elemerém@qas HrsrambsimasHireg Rén iy gweatgekénsepatmngdiricl gde $ihe clifferent radial
positioRLeARRNisrRfAraYi A GdHaL AN AhiFarReSHA W 3R A4 T MIAE embadRnent (ie., Vs

cone 3 includes two separate arra%s array. 3B and array SC within

is niney prheredaR TREGIBH 7 (0 0d W eriNg Haailt (B ErRIRtiand 713, array
[0101] 3Bemtm@s-zap<1mttnmhelmttermteﬁnengﬁ Gﬁrﬁreiferﬁscﬂt bekeiriasents 3B-1 and

3B-4 s are Q ts%n:tgel' ?acﬁatlhrg ugh 31 6 arr% (gbeg o Q %ee?au%ce ﬂsa%d urg1eers]t from bit

rustoconica reglon OI’ an encrrcles cone
axis 1 hfigy 9@eamesyroty slampmtpaftictiasBhe %rﬁemﬁemeteﬁ%ﬁtmﬁﬂ thsbargthe same

radial BARi6nakR BROMAHN-SPRRRE ANRHLSANG BXISRhbY AHNHAMARAPESE innermost

seen in Figure 7B. Array 3C includes twen I3(éjbottomhole cutter elements

cutter glsmgnts of 7Y Heke P HEBIRGUIIFS SEnenif S 2] %naﬁaeaameaadw* position
and arbaadt&abdumneanﬂrhsﬁaﬁamoalﬁiuapeldmegmenardasdré&@welemﬁtmeamy 3B.

cone 2 bet een r 3A is arra)
In this ey g nogsl% % m pa ué’%%%ﬂ r 8 %ﬁgﬁts[%ggq{v lgh 3B-6 each
form am@@@re@em@r@mgmamymnemﬂmem I mayhradrsontiy as including
alAnglariy.spased fetween haiaRdeld 2RAL aRRRRSRENMring radial

Frgure 7B. [0100] Referrrng to Figure 8, the twenty-seven bottom hole
POsitiqsiter elements 62 of cone 3 are positioned in one of nine unique radial

[6102] p@egt@nﬁcmgi@call@uttheetémmttemhcﬂecutﬂer-eiemﬁnw% chafraye3Eme radial

uttfr elem nts 3-1 thr iti rgred in.one t ree
pOSltl are 1 ne Ciosest Qr_g Eﬁ] %F] ?ﬂ‘g‘l ? taXIS outermost cutter
Iffering a E) pos ions. Fur etwen om oe cut ereemen

elemep off amraPp@C (ButerienenedE 360 ta,racgrss@dzm afeshprssibiopragkiredial position

and - aRNBoQhENEAiIRERG S adial. ROSHiQNS mﬁh&@%&'ffﬁélﬁﬁiﬁﬂ@i@@@l innermost cutter
positions of bottom hole cutter elements 62 of arr%\é3B Still further the

elemegtﬁafé‘%tﬁté% hotE REPeIs et 85°6f Srolip R Heddshacehague radial position,

cutter plgition e rkgsdram vasil 6lthe siediahp estiiondiaf heiton haler elstetts 3C-4, 3C-
of arra BB a d arra 3C. Therefaore he ra ro of. un

%305 ?ﬁ%l?n%pos%ons o%r{l )é fom oalep OSIﬁer eedrﬁIee eneé'il oFthe nta]]l%u}%n egflcefmnemog

cutter [GSmSisHIG QU8 SHEN MR F eDAEa3 F-abbuh0. 83anerBeYs (ieer glements 3C-1

ﬂuougad@a RQsitions-sivided. @xrgzugat@tbﬁrtemtaoéeaert@rs@qmer}a)grﬁﬁetq@ and cutter

fferently, cone 3 may be described 24 as including a total number X3 of

clomeg o ALt SRS PRy SRS Bt DR PR Eifte@rey 3C. Thus,

array eteme;ntse GRsiritais snbbdime idufl. Siral Inasipeendyssexen sppaisHitmneehian: inciuding

five cot?er egf nis Hre s I’adla%mposgggg !e@aidelt §r b td{ra g taolnp cltt)lr?ent%f tavion 80, the spiral
ottom ole cutter ment in this em iment IS nine

arranggAnen theusriclenyss toBxB tiyish 3B, aeraw%,smrﬂhﬁs;rerhb@%trménwuon as spiral
arrangement of cutter 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 & width W3 measured as previously described. In this embodiment, width Wig 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 Wic

2
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(01011 Regarding array 3B, cutter elements 33-1 through 3B-6 of array
3B, cutter elements 33-1 and 3B-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 313). Cutter elements 33-3 and 33-6
share the same radial position and are positioned closest to bit axis 11
and furthest from heel surface 44 (i.e., innermost cutter elements of array

measw%g 215 R?e%} @9&%&% eig t%g’%im Qd\ﬁ?’c 5135 30GHE ltgb%/ R eraf) amy cutter
o - f

position and are positione beétween the inAermost cutter alements an
31emeft§ﬂtéiimé§“ﬂfcéﬁer elements of array 3B. In this arrangement, cutter

[0103] ERERRA3nIHBIALER33R andstliarrlements 33k iRIQHIR3%E 8R36Hkh 3B-6 of

form a splral arrangement, respectively, within array 3B. Thus, array 3B

array 3RaY e ‘e%ﬁB@ TAIERIIFRG ™5 é’ﬁ?ﬁa?%wgn@*éﬁﬁ%ﬁtgor@aewgpﬁwﬁcal y, cutter

elemerad 1&g efhrenth BB DT grthyetBoat an flemeintsizadlitie HogitiachalrahaBitiongose to each
r [ rra tter elements 3C-1,

other (0 B YA PR AP et BL SRMENIS, Phhs 36 €ty 308 spch e i

rotateds gredde 415 dpTnRsian csdfsitn bit estitng Tveids, uridarrost cumer fermatientdastveen the

indiviRHIEY%REr) cfemiRs SBINeRi3E IB8-3CA I 1anehi3ea20: SRSy eliminated,

same radial position and are S|t|one closest to hit axis |11 and furthest
Likew ity SHOBF SUVTERLE A TE RS mRBEE el B einenty sy 29 EitteiC will out
substagtieinehts=3Ge 2yidG -, 365 2, aﬁm&@ﬁ:fdﬁsﬁme evaamie:ragial gesiitnof array 3B,

the, cu&lé;tg e fad %rt@%ﬁ‘tsleﬁig ghg&?%) ch: ai’%ge sji%csl gstj?g sa g{ﬁgcl)%ed such that, in

position, cutter nts e same

rotated Al ABHDADER 4nd gen SfatpEsHbifeer b@im@iﬁ meutnfﬁzerrmsmt agghesveen the

ndiviRigMerisRAAEEIMERl Hter slenents Af Afakdd JNiBisATFADIEMARL.
cutter elements 3C-1. through 3C-5, cutter elements 3C-6 through 3C-10

10104} ¢ i e QYGRS p TS, P 9E TS5 AE RSt FomaRRB R B Rl cutter
eleme@CvifhwachyfoBR, aGSpiral abR e saenbifespeaivalyialVi mbredsayadom hole coverage

while regﬁ' th %eaﬂk:aﬁ\h ngfbun&?:sert; b%% 33 IQ%{Ud'%g f(()) gcgnepgrgrlx @? nlgt%r eelnrtnsi'nts of cone

eac iral arrangement INCiu mga?lve cutte ements ind ering ra
2 resulypgifiomissoRiera v relatielyileen sreoicat e woratitmmsBiothe spiral

[6105} aﬂﬁm&mﬁf@éﬂﬁfge&%@m%&w‘@ﬂ% 343:6d0 ALER¥REINASolbh 3B-6 of

e same direction as spiral arrangement of cutter elements 3C-1 through

array %%%%H SHAySRESHHT HARBRER g oGRS, %ﬁé%&a‘fédwﬁfm@g«%mﬁﬁmmts 3B-1
t}}:ougarm@&drepltesaaﬁmmyme M@prﬁﬁ;ﬁt@tp&ﬂl@ﬁ @fpuume; of differing radial

iti 3B mea ured as jous e
rosi B e ot A U He B A g e
withingygrasetas irdernasi mﬁw%}*rﬁyrsgi trymﬁ&wrtﬁétmé@mrp o fisayief 8€. respectively,

is lesRHRY BleretieRiRsRNtAM DitheHveHapRing: %%t'ﬁ&ﬁriﬁf'ﬁscﬁﬁfﬂ&@r to a conventional
ts 3C-1 through 3C-20, has a width W3C 25 measured as

leme
W”"ﬂﬁ b g@)”ooe@msfeeaeqﬁ% DB EBO S HPRE TeoSBEA BEhe S CRa et ther. by
offsettid g bmayecuttcimdite Menhy ithinareayi@a:ni0 363] Asdiesti®enrn higetreldnents 3C-1

tnrongSERE LR GRILRG LOIRRLE SHHRE LR 2B LT HIE3B0.c 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
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 cutier elements

of cone 3, reduced likelihood for bit tracking, increased bottom hole coverage as compared to a
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array 3B will cut substantially the entire width W3B of the adjacent
formation. Specifically, cutter elements 3B-1 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, in rotated profile, the formation and size of cutting voids
or ridges of uncut formation between the individual cutter elements 3B-1
through 3B-6 of array 3B is reduced or sybstantially eliminated. Likewise,
conve R L o e ST g 5 i o more
of thesgrdagirgdebihefits slirswinbBlyptheventie widited/8€ BOMefdujaldent it drills through
formati@kmation. As with the cutter elements of array 3B, the, cutter elements
3C-1 through 3C-20 of array 3C are sufficiently sized and positioned such
[6106] yREFETRMERATEE SiSHIE StREAB RN BISENSFRENNG G016 Getitrge gty 2B and
row 2ANgAl foemedibes arehbeiee beheeinghddoal sutterglamertsrder, lathsouBbf cone 2
: 3C-20 of array, 3C is reduced or substantially eliminated. 10104] B
mtem?é Uc r% tcf?gef(%ﬁjrﬁgﬁeoeﬁl gﬁ?’ggeag? r"llggaés %T%nn&cﬁﬁg’?ﬁ? ?lso‘ﬁque nééc/aSn kf?ltgeen amray
3B andragigdidal Silitértede mentsBviftionad aysr8BS5IBE withr agis 3B BCeparbupfidy and array
1B, an'RBRke A MAHNCIRASERAUATNOIR GRYGIBISAVIIELSEIHGNGHIS also intermeshes

likelihood of undesirable wear and damage to cone 3 and the cutter

with conje et EF o e s TG St oTRERIE RIET SRIGVe Ry e a5y iR At array 1C.
and inefmedish feination2 [0d0edd naskdtBrnbueiisetingr HiageesinthadReHOkrays at least

..fanning out cutter el nts 3B-1 through 3B-6 of array 3B and cutter . .
Pt R 0 s oty Tkt g eiftobety in o
intermedb rregife ZROENTRRE hoBSB gﬁqmmtﬂé})glémg@c@mqhwgp B®1R@sh region 70
(array "BPPEGHVEGlY ’aWat? qu{@}li%tgf[]@ﬁﬁ@%ﬁaﬁaﬂaﬁﬁsﬂ%nébagﬁi?,“@éh?%gstwg arrays in

wi

the cutting tip of a cutter element within array 3B, all entirely

intermGaRFEIOR A RERiRGe PRABIFH Ao UE KB rRfeEMBSP dRSigTer GUtkartalkiph dittom hole
coveragt ARy 3R4I0, reeapeetivalys Asiksseastydherely, offernpdhaqetential previousty
for reduced bit tracking as c red to a conventional circumferential .
e R e RN OB A Ty he o oo 70
substaptaghbotRutiiots coyeredsisttirnyidtd by evirays ahdAsE, famhipogiout clitresy 3C. Gage rows

1D, 218/6ments RRshihranah. 382 d ulter Llaments 3l cih oM 3P dewalt 5 and

overall bottom hole cover%%f) by cutter elements 3B-1 through 3B-6 and

bottongiale) Ty FUTHF: Sl e dh i ifbPesBaB e SRiparEdis ¥l onventional

[6107] CiRefimfesantiibnew] Of tiuttarRle miefitss By dohsREing SiageRIdn 0o foREfos! the cutter
fanning qut cutter elements 3B-1 through 3B-6 of array 3B and. cutter, .

e R st B e B R e compos

rotates gigiGle vigPsizig e posiionitged pradile davertts 8B:ah suytBBiBrehts within an

array S/TRAW3B ahdcutienelements An tlyp&l@g@&-%@,gfaﬁgr%%g T?Q{@!Spg@t’ioned on

3C each offer the potential for the following benefits - reduced formation

different, §o8%e GRORRAMERIGHE GPENTSITIRFAdERRY M HBeTrdrEREigRR10 shows the

borehokeesvargddamagentaona @ antkiheiautiesnlesarRAts0 off ARG BreRHCet bodiment,
ikelihood for bit trackj increased, hottom hole_cover .as com dto

e e Ot e BT ATA e T EIRIBS Aot RHRA B on s

2B ang ﬁmﬁgﬁ]ﬁem arashiB Grrositipneddbetween array 1B and nose row 2A. Each amray 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 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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of these desirable benefits of arrays 3B, 3C may also increase the ROP of

bit 10 as it drills through formation. [01061 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 with cone 1 between array 1B and array

1C, and intermeshes with cone 3 between array 3B and array 3C. Still
parial ST B 0 O O 2 eSS OB L PSR S U RO witous

array " 1B} and thtermeshes with cone ™2 between row2A and arra )
detrimpqtpdly 8aingmiragnesproviesdheshiess hithubonelcmanis eimdeeenSisackisdiipt seen in
Figure@ray 3C intermeshes with cone | between array 1B and array 1C, and

intermeshes with cone 2 between array 2B and array 2C. Thus, cone | has
(0109] 1 B Teing STt te ddeuraHialy AnsTe Ah BEPRSHiIBRmR0A I AP ERERH of poRtidARd rows
within Gh@fheashl o) @nionedadsayepaiitaly whaoRcktarineshpegionotded profile, ridges of
uncut 47* Sy I‘QA“%F’O%” oLaray 1.9-4ene g has %é’}%c%ﬁéa A 'S”E%”cﬁ‘%%h e within

array I§31 ard one array in'non-intermesh-region 72 (array E:).

intermpgistbgi@oife Brhdstweenadayenianipie A shveef ontEOfamreys3Bthindaerapsh region

70. ERGIWIthinINRIDeshIsaiond Qiasnantial basmnols QdSted profile, of
prO\‘;ided b@ rows 1A, g% %)A and§Ic()l’;‘/p:_g)tfg:1T S 1%% 2B r:%’ ar%%%ﬂgns gfe profile, o

the adygeenamrays, RO O SHEMRI TRTRGHL FREAm AL e reyian 12 S ng gpids V that form

therebéaaiatlytaisian bifenndhae pkaennes e dinagined /e enbstRnéalchprontik!eeducing the
. ... coyerage is provided by arrays 1C. 2C, and,portions of arr. C.G

ket 8 SO BHAS Con - SRARAE LS LR oS

[0110] clefepvgiverofodidawallls insombertito skl Proflsthier, Weetwding refileBf each array

overlafiREHEAR B SBRIEHLIR fifewrlry 0104 ReREIRGAREIHHRALD, € ifically, the

. cutting surfaces, and hence cutting profiles, of each of the cutter _
cuttings pLofIE 0 25FaY| P B TeR 09 C8ne RIAGHE T At AR O SRR rofhie cutting profile
of arrdgIBadBeretbeieHn prSile of akpded Rrafitatievion niht camposiile of array 1B
. rotated profile view, the overlap.of cutter elements within.an arra row
iterse R B e o] A A o T S Rty B0 PR A ersccs the
cuiting pyifisnetron Hifferanesenies. I ofivahere thly ctiiercamposivathotiz exteptestilextension

height Wil bisirated 1 FaWEntQ Shewsithe tioehale. oV RIA9eahing Rl khown in

. 10. Within intermesh re ion 70 of this exemplary embodiment, array 2B is
Flgurey b &Raihy SR SeniisoH S e TanerayT Ay s ioarRa|p @nd ths arays 3C, 28,
1B, 3pasiliened hehaeancasiay «2Bland 1alran SBraanl dfrieypaRids pegijostamitting profiles

of adja?c%%"t"%eraﬁ‘ 2013Y+ 5,800 058 19U 24 Egh aaywithin Jateinesh 318 8 Butting void

Is generally positioned between two arrays, or pefiveert an arryay a
V: forravpetpirevisieel 3 atfcartant iEbnasitineveisly \odnmitipevesifieroiit Slearamse 3B, and 2

cuttinf Vol BEVCYLNG SiHfaGeS-Ql Quliel RIGMANE R atiaceRigANaR-HBE v, has a depth or
intermesh. [01081 Referring still to Figure 10, although each array is

beighioBndPEIRED S&iti ETH ISR EIFY e A PapS, FBE e Rielarayl Bhdeapoint of
intersg@ity Thehamiging. peefdesvelvadibee htighiaysAnrdiew sdah diffetentiseane serpendicular
to co?H %ye%\éeﬁ%"é‘%&rvétﬁ' DEINESR 199'A0a02 PR Y RS N GOMPSIL iy of cutter
rotated profile. Suc

element in array 3C or 2B to point of intersection I; of array 3C and array 2B. Similarly, height H; of
cutting void V, is the distance perpendicular to cone surface 46 measured from envelope 101 defined bv
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.

16111] In the exemplary embodiment iHustrated in Figure 11, height Hy of cutting void V; is abowt
25% of the extension height E, and height Ha of cutting void V- is about 45% of extension height E. In

conirast, conventional roliing cone bits that employ circumferential rows of cutter elements within the
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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.

[01091 Referring still to Figure 10, as a result of the positioning and
arrangement of arrays and rows within intermesh region 70 as described
above, when viewed in composite rotated profile, ridges of uncut

* inmerm QTRBAN L CHIBGNAIS VARV, RA DS AR AR S0 SIS rofies of
elements within intermésh region 70, and between adjacent arrays an
adjacenbiy HinceRtRRasiEeiars pTEHile iheé arresinifigoty 2Oeakpibaydre thetiparviitis formed

by emQYBHBRPINCLANG Riativelelese Pesiioning, i caRRAslERIieHIRRHEne bits, the
- ...of the adjacent arrays and rows within intermesh region 70 reduces the,

height g{ABFCEHNG %mvm%fﬁ?naﬁ%ﬁmewaﬁé@o@ Frtarimgapon height of any
cutter gatentiah fibe inicrdasebkbeiialy) halencoverageionditeliagddoirtiethe cutting voids or
- likelj ' wear and damage to cones 1-3 and the cutter .
ridees ey TR KR MARa0 £ At X & Sl e i
composggatetgtest gl v angy trecadtapgnirstilciome fehcartasuréve ayeveitientsien height of 2
cutter QBttig profile of an adjacent array or row at a point of intersection 1.

Specifically, the cutting profile of array 3C intersects the cutting profile of
(0112} aﬁ%&%ma@im%%%%%oﬁ B CHBB ORIy rofite e AT BTt aRURL figgs of curter

elemergnltimquiioféaofamahed Be@dﬁﬂt@fﬁ'&!ﬁﬁ(ﬁhﬂ:ﬁtiﬁh@oﬁ@ﬁﬂgcﬂﬂo}ﬁﬂamﬁ aplaycd¥rage and

reduceﬁq(%?re&istﬁg%1%3@&9119&%@lgng) fchggé‘.y %ngg ) t%%?Cgr%g% 3rh}:9z% %Hétll?e?%xt H of each
~profile of array 3B intersects the cutting prpﬁle of row 2A at Intersection

cutting) Moit Y+tee rvigeed itepERORie TeWiA tieldreiatomfenbin donthapigfftovafiihe extension

height GG WA A dRWHERES: BR, GRYSIBREFOfFRRL LAY 5% dPiHR®xtension height E
embodiment shown in Figure 11, each cutter element 62 has substantially

of any giiter SIFRLAL AR Atheight and thus arrays 3C, 2B, 1B, 3B, and row 2A

[0113) sRaferthg sauncieivalape]l ik sis anestltatibespasiialaysapolitatidingiefine the
rofles_.of adjage rrays and/or rows,,a cutting void V1.forms between

rouieCHUNRSACLAN AN RUANE ADAAL IR BRALE (Pl R AR Ses profie

of arrayridy the reskinwHgoveiamesticrms preneBrighierythiBreinddaprafiie B amay 4B, and the

twentCHHHRZKRINATONSRac tye aERALIa) 3B.aR0-rom 24Y. S eUtiREOithY dne cutrer
throug%h V4 has a%%spth or he;g%t H, through H4, measured perpendicular

elemegh, 4 8 SR SUHAFP IR SFFEHYLTHS P18 Pint b B SEHRF E TR jho! row 2A

definetde re’simq}méiy: dihwes; heighil ik oheutiing vieided; 68 tﬁfégdisﬁameiefmes the rotated
1 PSRN |c_;,%l'ar {Q,co fface 6. measu rom envelope 101 defined
profi by t%% xtens%r?ﬁsei%%lt%E lg%qé‘?n?/t cl)sfn%u%%ér# e Eégrﬁesrlll? ?%ﬁ?@a??@%ro Bt o cutter

clemepspift dfiiftsigticiiois leyiapley stbadicerragroByaithitafly, nsighbeko ofting in the

regionCiiHREiMEI Midsctheodistancrpermendicilaripranesi iace At peasiieteiements
from envelope 101 defineg)% the extension height E of any cutter

62 Wit SASRTPBrT Ay I8 P ofPhy T ENBRORIEBI HPEREEG™ES 81 Hir ) 3w dtveen the
cuttingprafiidBof it dd: knrtige IxenddBradmbodiment i ust 2R i kigaueaitlidrays 2B and
3C mtl%}gmstt'e 9&8&@9%%%‘%%,'&%@9 Yments 62 of cones 1-3 substantially cover borehole
bottom 7. As a result, a relatively small amount of uncut borehole bottom 7 exists and few relatively
smali cutting voids or ridges of uncut formation will be formed between cutter elements 62 within an
given amray (e.g., between cutter elements 1B-1 through 1B-10 of array IB), 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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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 yield cutting voids or ridges of uncut formation between the
cutting profiles of adjacent rows in composite rotated profile that are
significantly greater than the cutting voids formed by embodiments of bit
cuttmg(:l@ogﬁ%:”ﬁedc@aet{r% odﬁ%nl%,s ancemgt&ls lr_ggtc tel(fr)rﬂatalt %gé?&ecgengﬁsc}a%ed as free
eight o ia cutting void or rid ge or uncut rmatlon
of cuttingowdsf the extension height of any cutter element on the bit. In other

[o114] WREESi} SOAMESARYRRUANAI QU IBR GRS RIS IR CYHIDGYRIGR Q5iiB0R3 file view,

of uncut formation between cutter cutting profiles of adjacent rows of

each gk &P RS se e (o RSB ey e RERATERYR TRy PR adjacent

cone. the aoaacUEce3® ﬂﬂem@ﬂﬁ@ﬁﬂ@&@htr@&a&ﬁbﬂeﬁﬁiew&r{@}l18)05&’%6 1, array
ing the hejght H ting void een adj t arrays, a

1B o e A ik o S sl G AR i e

with afesy 3hefreenel beomaidi eoeragelandegrmgudedtaniemmen bheswaei by determining

the raeéem%E%e@n@%@%%em;p@eo@ro%%?%g%ﬁue&ﬁ%a%eo@%m H 018260 surface in
cuttlr;%@md V, as viewed in compasite rotated proflle is IE’ eferably less

compayis ToREsA BiOE Highe B SREIgRT B Sraniyreitlenetemaibepiite pierigrping arays
or rows)o¢amptciiendbbys iBss thaep 020 theaextenaiaibeightdp 19f Anynaisess overlap O,

ment gn th b|t 10 fe rn to F| six_cutter
mayse%gmeﬁs% X ?r angBarJoﬁgc?{/eI@ﬂa deting e U%ratea(‘tli pro i’ o1 of rrﬁy%é“moum of
overlapikbnise, Wtéﬂ overape vitiermy Q’Adf}aﬁram@raeﬁn@mby@ateal phofidmbodiment
illustrRERHER R e BWelvR cHIRNRIFTIRD 8R%R] HTaYE: A6INSH GLIRIEH: overtap O

profile of array 2B, and the twenty cutter elements 62 of array 3C define

to dm’i‘??&?&éiéﬁ"ﬁ?éﬁfé ORI T PHESD RIS e SPRBTL BB e pater the
overlap Aatleborethadntatedprofieveligraupdsre '&l’(b&iwq;ﬁﬂt@ LRlertenimaR0he height H

row 2A ,defin the [o ted rofll ofr W2A ndt e cutter element6 i
of CumP 6r‘6c3853 defines the rota Ped r%[§1}1c§’1‘|le of §?§u ﬁﬁv &Emb8 ar{a’(tg/mws

compwewermﬁtmmegbbmlmﬁw @fﬁﬁn@cm @utmm tebem'emsm arrays/rows is
preferkBfty-gigidinhts RXEMplary,em qggfs%m) geevalighledor boEgMbalece in some

cutting in the region |mmed|ately a%!lacent to gage cutter elements 61.

SO G S AR SHOR S SRS SRS Y B I RS SR FP Ry PIAB 18 diameter
D of ddPcand 3Gnas prﬂmomslyvdﬂaqﬂb@ﬁhae/weﬁ aypfbacpveriapactween the

jo1151S4HIAY me 501 a%lé%é%%as 2B.and 1B, adjgcent tar os]te 2 gfgpl‘oﬁle view

and adjace ar?ray and |n composﬁe rotaté pro V|ew Ccutt
has fesiaiiaiie 6 sref cortng] veidy betrmialigse cvertsohetiofer firstitém ificinding. intermeshed

regm;{ esWlta %cgﬁjﬁ%fﬁ%ﬁ%@gﬁéﬂ ay %@Jeyn sihbprehelebriant £ gxi %%ﬁﬁe‘ﬁfcreasmg

relatively small cutting voids_or rid ges of uncut formation will be formed

OO SRYP RS RAPEIEAHSHE B2 IR T GRrEs R T Heop the SHilRisreRsisrand/or cone.
In othetennbodinikBis] fhr eugipckBe Horaéapiafiid Bjeanshbevamsraitting free of cutting voids

between nose 42 and heel surface 44, potentially reducing the tendency of bit 10 to track even further.

{6116) 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 eiements 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 radially-outermost array of bottomhole cutier 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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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 29 cutting voids V. In such embodiments, the
combined rotated profile may therefore be described as free of cutting
2 are 85 DAL ReTerng again to Flauie L 2ad a5 previousudesaibed 1) of e
composite o?aate%npro le Vle\%l’: cach array and row in MSrmeeh region
row 2[pvindrgpssditacoer grgnoricgays s fdwaableatbadiscdgagsonteFgements 61 having
lrger WSIAAGE, 2 3P QRS HEHADSHIIONAR DT SORRIA MR TRALof larger

. ofcone 1, array 1B of cone 1 overlaps with array 3B of cone 3 and array _
diametsip MEOTBDOdNGE S REFPES o S IRE’ DBVRINETSPHHHm 1 aite dF dpril ogrmer cutting

capabiBiie, aKr ayhibiar&f ©oNeode TeORoMRIDED e HapmR)de ARGekasehY are of a single,
dgtermining the ratio of the amount of overlap 0 of overlapping adjacent
smaller diameter, . . . .
arrays or rows at the cone surface in composite rotated profile view to the
{0117} dRawtkesre D infreesstieiiwieiembérpedthenind o gagesttppitapantads noyrowsle the use
of gad€URRA DERRINAE NG VRAVCHARLA QxR SaEhAN G AR OHEHAM BN Wsirable cutting

amount of overlap 01, arrays 2B and 1B overlap by an amount of overlap .
shapesgor b agde AL AGSIET S SPEIFBY SR RGBSR PRIRRASIEE 0 Sialeriy gy the width
and deyeslapvitiboroeArharcagaauntotpueHan 4 oih dhevambradimRentarest array of

illustrated in Figure .11, the ratio of overlap 01 to diameter D is.about 40%, .
vottom NG TR St 55 B SR B e ol T SO e in e

positiqgine 9icgate cetensiarnstiape it geortetbprehdgsisiareritiic e auentgpaingicither higher
or 10w@@5W%%rh§igj%ﬁp&ﬁf 'iﬂ%ﬁérﬁéﬂﬁﬂé} &P Eﬁg@éﬂ&&%@&ﬂ r@f”@'xﬁ{iﬁ'}gy géeemployed on the

smaller the height H of cutting voids V of uncut formation. Thus, the
cone. &gp eI SRS AR BEBFIRO RS EOM S ME PHTRRSE SoRSAIL-fgnay also
be arrdligit @ien Rraf any cutiesspladienaitng theste Happingdaaysr orison, shape and
materiRleie (R0 Ned RRISHN 1006, and. mple er%feervab'é’dqgl?at%tﬁ‘é‘é‘ 2?"/&1[? fom cone to
instance, in some. empbodiments the overlap ration efiveen acﬁréc}en
cone, gepaysiraweoin bormpositangeet prodilectordkimetsiin vtk ditiergage row cutter
elemeiement within the overlapping arrays/rows is greater than 40%. [0115] In
he exemplary embodiment shown in Figures 10 and 11, the composite

t show : | .
l0118]  plthonely S SroRadionat pERird hilRapishdm Elsthsgl vBrWIsuHee anggatters 13, it
shoulde: apprhealStidfanedderne udingdinterneshedragionsTenand (c.g., offset, staggered,

on-intermeshed region 72 .thereby reducing the tendency for bit,10.to .
e Dl N I A CE g I AR eof el i
rollingegers Hile Weae omehdwsuttbreelcmermss sgdforwtate tolrputhide enhanced bottom hole

coverMbQAIMERIS408-CORRRSIE FolRieT-REplle gL AYRE suBsiANtAIN Fe8ed ROP,

of cutting voids between nose 42 and heel surface 44, potentially .
reduced GORS TSR BRI RIS SBitrertsed 2tk Eved T adfison 1 51the P aBl o diments
describétenngihsypatentiaridiediacsl i tatkiogs eimaplqyipg atiays. oHowever, it shouid be
appreck%&%%t{;r{‘hgﬁ!% SHeL eé%ﬁ‘n%re‘ﬁ%sfs%n%aé’%“%o‘%éffc‘?%'rt‘r%rﬁeds'%éé’%%%!e 1S Ty be achieved by

enable the use of larger moré robust' gage
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, 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 employved 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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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 radially-outermost array of bottomhole 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

emp]o}f%l&%eﬂ'ﬂ%%ﬁ@ﬁ‘?er %% %PD%HQ @%%%Elg%&o&et%lﬁlégc iii‘gc tgu%fggetgelrtlhreort]atcd profile,

elements 61 in gage row 30 2D are instead arranged as an array,

cover griaskMiddnuitherbferadtyelgocairtesivicpretiossil inkgaijel réar 2Ermple, cutter
elemerdRCTBAS@HHRACERIA0 GABE GUklek RIRRRAISO4 GRABICRENE P5&:RhIRRa:, in rotated

cutter elements 61 having larger digmeters. Thus, in addition to
Pmﬂ‘eaﬁﬁ.%‘e&rﬁ%o et 5P prov ARG R T AT RS SE PARSTE (AR ffents 1B-
1 throeghbiRHMentswef egnreselspiniaydehnvare thobe stiaadetkaixe 4D theifreort®rmay be

O e an A U Sh s o

spiral fadriensE FiliGERat o ehaTpo SRIBPISEF shigagersefile skoemdniS Bierdy Alteratively,

insteaHERIENIIR: U AN GRLR BTG BIRMENIR HH b aVReE RrantRHeIIRR: clements 62
. heights, different.gr more desiraple cutting shapes, or be made witha |
having foe TS TRLPLROTLIOR FRHVE AR PERHOAHER. (S TR AR9IAGBT) BB gy ine sbous

the comnekd @graenoffosedapdabiwméan e, gageveniie fiedehaentscbicoBlaneand? having the

same @Y St Q%fﬁiﬁggtﬁrﬂ PJHQ%EP@W@ &Hg?re%lx%r% sné§ ﬁ%v%%étﬁ? &tmi%n%%gst radial
~ provides the bit designer with more latitude 1n the” positioning of gage
poSitiQry #iKt 116 STHE G DY PR e TEnERBBep RositSvall 5 (e.g., engaging

0120} eithRRd I GhRa RRWEAN heale WalkandinthaAmb e of0afe CHlES be varied
lements 61 that may be employed on the cone. For instance, in some
depen e R IBh ALPHHE Lulf RN B IPBFGHER U D S FUmEs s rom e

and inisdedo® derangedbmeatiahkiaye lof shedrsesphaingttingivey, ihensizided with a greater
- %Jlnﬂg qﬁﬁn L igtggajé) ater'a]si;g the heel row cutter
§ ﬂnseleme%%ns maygﬁﬁerw%lse be VE?FZR& on ag%?ﬁér% éggéee, an&sfr{)e}r%ﬁrgg e%NOtcE IgurC 34 & an

example b e ferisvg tip septratiz slemain déntedC @nd €8mbboditeandttiRgl 5 have greater
diamef9HIRIQ he:@RreRIAbCUERNE|eMPRIS [0 HSdudthaualibecembediment 1c.1q,
g ng—f g)l';j% illustr te%%‘n FI%LEG 1 inclydes three cone cutters_1-3, it should forrt
and 1Gda ookt A THAERS QlrtaFSHEESBEMHEARD AP Dt eitter SRSy refering to
Figure(8/yas effsetngtiegyeredpefdeetotit: diespinatedearangsm) ants, of GALEE- 12, and 1C-
15 haGlCMESkaT JERSHPaANETRIN MAN-AISQ.Pe-CMPIQYE: gi'arh%xl‘!{ngocop?obltasge, cutter
having One, two, three, or more cong cutters to provide en anced bottom

elemepis | H-doleragl; redbel Bt thacldntiarduiieadiemispieriorhsutivg sirfear a generally
flat culiges@idormptiancinsiaased BRR ckeeueed 8an aamaga AR WEAing extension
heighid! increased bit life. Ia%a dlté?{l in the exemplary embodiments

e e SCHBHEr SN PRSP B Gt RO e bt R Jgorefib ovards
the mitiliHoWbyerray sShowitidneedpgresiated BedtriingtheFigmbadinenissxan®ier it may be
desiraBROHRLLHNE AESIRC BENEINS MAY.RE AANEYSAEYnt than cutter elements 1B-2 and 1B-4,
and that cutter elements 1B-2 and 1B-4 have greaier extension heights than cutter elements 1B-1 and
1B-3. In summary, the cufter elements in a nop- 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 exampies, the arrays of cutier 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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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, and a third cone may have two arrays. 101191 Although
arrays 1B, IC, 2B, 2C, 3B, and 3C have been depicted and described as
spirals in the exemplary embodiments presented, other arrangements

made #i8naAl3995 1R {RNELHAIERRGRM BT ARG g@ﬁ&h’?ﬁ(e%‘?&ﬂﬂ@éme diameter

) may be employed to achieve one or more desired benefits. More ) _
in the fRgigBimnYicaribereraitiieifmerRdnip e Rlarrduter Srcatrctin mvE prirAbdifistent radial
positichd ek elsmestpRLemay be 31 employed in frustoconical region 48b and

be positioned so that their,cutting surfaces, in rotated profile, cover at
101221 PG PRAORREIS f%ﬂ%‘“‘%& Vreefgm Béﬁ’é‘?{oe TSHB AT & P4 epspally from
a nosegeun PlerosutteniEesrerssiB 4, grropdh) B AGrpayeadivisedibposed ag agage row

1D) ﬂﬂpﬁg r{é’:}gﬁ%l %E?égﬁrh§8 %c@@ta{tﬁgfv&@f IJ[E&S@%E‘E”& ngg? W’ﬂj& elements may

_covered. As a specific example; instead of arranging Cutter elements 113-
continpenpPiFRH B SL RIS SRR (HrEfs TEEISh it CHisB B hffd retifRentsr example,
circunfierintRirayy LB afafmz gﬁﬁ@ng @ﬂﬁﬂmgs(wj@ sioned ahowtisudaeeed %Fféeﬁs_h@t og heel cutter

cutier elements ithin arra 0.not progress jn a spiral fashion, but
om0 SHEAD SAEEGTM S TS GPATI G SHGRATER P4 peher Heents, cach
mountédterasiilielypaindtgrd oirdsratigintpenttépplieatienfs €2 d2eHR6p TBdmoduso!s, 2005,
whmhﬁ?ﬂ@r@%@l&ﬂ?@m@@ﬂééﬁ 8’5’%@1’@1}%&9 %eﬁﬁréﬁﬁ‘ﬁé‘sﬁéﬁ@& ﬁﬂ'g}g 5994@!3 cutter elements

position could be positioned adjacent to one another so that, upon moving
and argays GF herd QISR ISMST R BHENE GERS CUHRERI surface 48b, there would first

16123 PR AL ArRlOMENESE2NAVIAG HILiRABAAN SRR FAFPRSIHANa! positions on
followed t;y(%\ltvo utter eleé?ents 62 t@/in the next j_nnermgst rfglgial . d size of
one oL B SRS ¥ P IR FE B TR 7S BRI ApE° pSELASIE YR and size ©
: ridgesmeruheutlﬁa_”ranﬂeni,stm@ddupaormdlzimsdair_tm.auttbt etmmeeitgxeﬁmmmira;nes, reduced
m@m{jp&wa? yaried, depending Lpep the application, Inogperal, '(%:F@é%d%ﬁv described, by

Jesirable for cutter elements further from gage and intended to have
arranging SHEH 4 SMERE A1 thie Bottortis ol Batitigaatity'#ePrevidn Wity Tgridgeerof uncut

formaﬁlifﬁetﬁw 8ig m&’m&&m&@&%&%&@@&t-@flﬁdﬁﬁb Q@@!ﬁbclgﬂ%@ﬁha}b Hi®ce the cutting
referring to Figure 3A as an example, it may be desirahle that cutter .

PrOFIES G B AT O FORCEN SO T A A0 e G i aacent comes
can bantfoneptedter exiten siniidn eightsie targparaditocthienc ultdorelatne mkswlsEn Ipaths cut by

differdGada1S ol a?iﬁ?c%gv -and 1C-13. Likewise, the shape of the cutter elements
in an array may differ. Once again referring to Figure 3A as an example, it

101241 P prakireas| st inent b diesh ShoTcegd fespites. gnadifigations dhrreof can be
made 16vhaye aniirgoigssiveehisghshRapeaionexampleavhilpdhe: cidatiglenenrtn, The

Joser to, gage, cytter _elements 1C-1, 1C-4, 1C-7, 1C-10, and 1C-13, may.
emoof RS RENLe DA TEro SOPEEe 1S Hh P iiing Yac dhons and
modiﬂinmiem_/ef, tinfd pyiieral msﬂt_tmpetemamts wiil_sibiméraaeym&jnhavesmwaghe invention.
Acco%%@?@fg QS&mgpﬁ?Jcﬁbi%?%{}& ﬁ%ﬁgéaséé) %Q%@Q&ﬁiﬂeﬂl? cﬁ:%%eﬁlﬁggsﬂ}%uﬁ is only

o int € array may be Increase towards
iimited by the claims that follow, the scope of which shall include all equivalents of the subject

matter of the claims.



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 113-2 and 1B-4, and that
cutter elements 1B-2 and 18-4 have greater extension heights than cutter
elements 1B-1 and 1B-5. In summary, the cutter elements in a non-
circumferentially arranged array may differ substantially with regards to
cLAlRsEIt diameter, extension height, shape of the cutting surface, twist angle,

— . material grades, material types, material coatings, or ¢ tions
| et oS S TORE BT CFEACHTIISS: 08 STAPS 5PCRE B s
compgiigp@sed in the intermesh region 70 and non-intermesh region 72 of each

cone. cutter\ w‘;%tl\ C ttj(ng elements positioned in a plurality of differing

radi lIt SVtIOFIS &fe’intended to prevent the cutter elements from falling

withiel 1pr@wma sl mennide dnderhitthody 46 adetierbEsantaren Hbsiiha sanefxis;

bit {{agkings {p-9raerlthadaiaerithe,reng i metem indne; vgﬁﬁla@nmvwmm band on

the array of elements is to be placed, the greatey. the number of different
the B OMITEH SFE A B RbOBETTR 55  ASEABOUTAIRYS o0 @ rest
des&aﬁadt@dmmer themanaysthé anttefcele mantiag rwﬁlemﬁadrgerwmﬂﬂg a single piane,
wherem %e cu@tosepgfgyé) o(f) h%ogyrgaf ﬁ:xlélft%seé? (gec‘lgteg ré%iﬁe&ﬁ)sggcg ﬁ/ a distance

of cu ments e gage row that Is generally jacen
measgmdat@mm However, tﬁﬁ?é@(@ wﬁaygl@m@ffw dastey dle ﬁm&fﬁm}e@@ﬁﬁﬁ%*s at least

50% SPMMAIdIN-S0 a5.10 BREPMIRASS thewgagesegion and even the heel region.
For example, circumferential row 1E of heel cutter elements 60 of cone 1
may be replaced by an array of heel cutter elements 60. Such an
2. embﬁd'nmﬁmc@tnfdﬁtgetcicwwm thenprikicle deldhnesardiys: abotiateedancentsi on the bit
ed| aX|a art bands, ent.APR] tfr?ﬁ'é' Jurality
bodylafﬁz %?%L% Pf erg tion a H?Saacggsrg% % gXIg W e%m egé Iy ﬁ n ap urah

ugust hich'is hereb y incorporated herein
of cytsferdemenis. msl@nﬁfm wleetribpROsFealSs GRgepRe. chittePBNERgHS ragien adjacent the

backPIIAY AhBRELGUIEILRIBRRRLS BB FOHiNGAA0M GUleRSant0h2 3bBitaasinge array of
arrays of cutter elements posijtioned in a plurality of differing radial

cutteh SlefigHS SROEHEET HibKR U5 e BRE BRBotential for increased bottom

hole coverage, reduced formation and size of ridges of uncut formation,

red a1 ANl e Sulig LIEMENSART CUNRSI BRIGHhe diamet
3 Ilke'ﬁr%go o?cﬁﬂr?d %klngauf}rr}u:rea{éetﬁ1 ROP, eang;ﬁ or mcreaséd bit lite. AS ¢ Clameter
of anyrewfiougimgeseitbadhdyratranging cutter elements in an array, the

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

the individual cutter elements of he arr are r d ced Furthfr s%%; ?eh diamet
4 cuttrfhPEREOSIR L SIS OF S8k %ﬁlg ﬁ@f’%ﬁgr%t RGOt the diameter
of anradiskpelsitiansyidtitays madjacent cones can be intermeshed to reduce
~and/or eliminate large uncut regions of formation between paths cut by
different arrays on adjacent cones. 10124] While preferred embodiments
5. have dkbitsisenrdingrid dawedivedlaodifbatondabrearcinigast equal to the diameter

of any cutter elernent within the array.

6. A drill bit according to any of claims 1 to 3, wherein the array comprise N cutter elements

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

7. A drill bit according to claim 6, where P is at least four.
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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 scope of protection is not limited to the embodiments
described herein, but is only limited by the claims that follow, the scope of

whighshalilinclude Al valgnts Rf theubieal. Biaier REARCE RIMSragIncludes at
CLAIMS: 1. A drill bit for drilling through earthen formations and forming a

Ieast the RIHE S IRENEi TV RETEBISIHG S BRYSHS Vd0i AR 415h5kis: a rolling cone
cutter mounted on the bit body and adapted for rotation about a cone axis;
o, nanx plutter elements mounted i & pluraliyof differing fadial v yray gifrers
positions within a BAnaoN the Cone cutier wherein each cutter element of
from theandyiizs daiamdteticasventhal arlsrattisticresectedhbrgirtitha@reynepnsisting of
diameREMEMS AMDe A fomma.culing riafile whendatated g sosingle
plane, whereinthe cutting profile of the array includes at least two cutter
elements spaced apart by a distance measured between the axes of the
10.  two Gultsit elesrenisadigiest afdhasiwe cutter elements that is at least
50% of the diameter of any cutter element within the array. 2.. A drill bit
according to claim 2, comprising at least two rolling cone cutters mounted
on therdity b dyllmc-ontaptedsiorsbiefidn apeuutatithsionmsinedgisthe bit body and
adaptdEF SIRLEALR,CONE RS inFludgs a plurality of cutter elements, a

backface, a nose opposite the backface, a non-intermesh region adjacent,

theMBSEKFAER 2l i RBLPF RIGROR B @ 1 RoRLITHEFRFESReREgTeRpalg in & first
band §he neseniviereist hedawemefs chbterdlamentonid pasltitbndsd avithiinsgaeed apart from
the ﬁijr%tgrir{g?_eslgnr‘% io&.e?é. A dr%ll_bit according to claim | or claim 2, wherein the

QistANCE L At feastBBv 3 the diameter of any cutter element within the

arreheredn fodeibkibiteiareordimgachclaimateonainied 2 avfenedity thdiffiiageedial positions
relati@é;@ﬁétb?%sgf the diameter of any cutter eIement within thg array. 5. A

drill bit according to claim 1 or claim 2, wherein the distance is at least

equal to the diameter of any cutter element within the array. 6. A drill bit
11. acsanging:teesnyiad elaigs [ovherdresein dhecaunay Gothprisenpliststtelsackface, a nose

elements .disposed in.at least P_differing radial positions, wher Is .
orpofLE QR e R S SRS Sl nre I AT 0D, ot egon
between the non-intermesh region and the nose; and

8.

wherein at least one array is mounted within the intermesh region.

12. A drill bit according to claim 10 or claim 11, 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 borehole.

13. A drill bit according to any of claims 10 to 12, wherein at Jeast one cone cutter includes a third
array of cutter elements mounted in a third band axially spaced apart from the first band and the second
band.

i4. A drill bit according to any of claims 10 to 13, wherein the cutter elements mounted on the

plurality of cone cutters form a composite cutting profile when the plurality of cone cuiters are rotated
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34 8. A drill bit according to any of claims 1 to 7, wherein the cutting profile
of the array includes at least two cutter elements whose axes are skewed
relative to one another. 9. A drill bit according to any of claims 1 to 8,
wherein a first cutter element in the array differs from a second cutter
element in the array by a characteristic selected from the group consisting
of diameter, extension height, cutting surface shape, twist angle, and
into aMBRLBEIBleemRREHIDBachOrAdsllibis:qeectting talaiaimith, woeaprisingther array on an
4 {)Iuralitélotgrollir;g cgne &ytterr%ﬁ%ach of the cone cutters being mounted on
s A BIE Bo f/céor?ﬂ‘ A %q% €4 137 Yotation about a different cone axis; wherein:
each cone cutter on the bit comprises a first array of cutter elements
15. MAURIRYinadiahdpnehaneiaseeond AH aY Rl EIRhEIRMERIS MakBladia wherein
a second band that is axially spaced apart from the first band rglatiig }o fthe b
each FREXCOME RISy W dASHROCGHRST ATERN SRaNPUALHT AR Ao Tnisifited i 1 24
diam@Abi ety o gifferingniadimlpasitionsheelatiiintherhit axismipbsite drilitgitprofile.
according to claim 10, wherein each cone cutter further comprises a

backface, a nose opposite the backface, a non-intermesh region adjacent _
16. to thérbaickfererdrgtarciriterrasteregidh. blrmiesatecHBr- RitaIPRElRS an exiension

heigh_rtesgli(ﬁ) DA NG NOsErRRd WheleinStileRshRRe sHEay Improdikak Wilal) #ierein each

“intermesh region. 12, A drill bit according to claim .10 or claim 11, wherein
cuttingetif dutta MBI Within il RS PBRRE LR RU RSB RFRSAL in the

second band is positioned in the cone to cut a bottom of the borehole. 13.

A rilé t.according to.any of claims 10 to 12.wherein af leasl 08g LR extension
17 cufte rBnic i ecgoéd[:‘ﬁﬁ(f Iaal\??la%f’oﬁfvcﬁ:[ ere egrr%lzrflt%\émoﬁntse :sn a third band ¢ e
" heigtaxitdhy spegedeaeart from the first band and the second band. 14. A drill

bit according to any of claims 10 to 13, wherein the cutter elements

mounted on the plurality of cone cutters form a composite culitin rofile

18. whirftEbIarantyies SoAe Qfttenartd itdted 55Hes LG s mounted on the

plurai¥heseitreachdas mynak leasppactialyng el sithtat [dastigne othelcateayare rotated
._on.an adjacent cone in the composite cutting profile. 15 A ddllbit ;. he intermesh
nto 553@[]8%9 o Claim 1 ,eﬁﬂrgpgfﬁg%g%%n trgﬁg?ér%enﬁ%s}a base diameter
regicaridcwHiomine entiora it ardissaitanat Soef 4 sBsion Sl Ghagy cutter element.
adjacent cone by at least 10% of the base diameter of any cutter element
within either of the overlapping arrays in composite rota edigrofile 16. A
t

19. griltisiriH SRR S AefiR 4 DOTIEITT TR GHERY SR PSR RRS o= than
50%aT XeNSI6Bn height of any cutter element.

20, A drill bit according to any of claims 10 to 19, whetein 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 elements having axes skewed

relative to one another,

21. A drill bit according to any of claims 10 to 20, 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 elements in the cutting profile of each array are skewed reiative to

one another.
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height 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. 17. A drill bit according claim 16,
wherein each cutting void is less than 50% of the extension height of any
cutter element. 18. A drill bit according to any of claims 10 to 17, wherein
the cutter elements mounted on the plurality of cone cutters form a
22, ComposHe sutingorofils whasithe phoralityvateong tutiesseaneteotatadnt in the first
~into a single plane, wherein the osite cutting profile incl
s G GEH FEAH A ETRE Togioh Tetucin SHE Byt from th sroup
consistioidlsf liasdinr7S% wf mipkixetsionighhafanyisunek dofraperia gomposition.
drill bit according to claim 18, wherein each cutting void in the intermesh
region is less than 50% of the extension height of any cutter element. 20.
23, AdIANIbRIERCOTEmY AP BN TR G0 RETHhER TS SARRSSEdn B clements
dispodeli @a&h-as faerha redifipgspiaiilemdien rodateditiea single plane,
wherein each cutter element has a central axis, and wherein the cutting
profile of each array includes at least two cutter elements having axes
skevirdtbirelkativding ornéamdihwherin A idailligisiderording to any of claims
10 to 20, wherein the cutter elements of each array form a cutting profile
when rotated into a single plane, wherein each cutter element has a
25 cehfdl itiaccartingiaaTair tRi ERdS Bt 2 Re AR B E AT RECuter cloments
includWitingneefienfeash-pirr)amsshe v et eldtivatoadinepasitthennda 820id set of Ny

dFiII bit a?cordi gntig ?-Qc}/ia?f (:I1 '%ns r1eti)atti(‘)fezt1ﬂ\]/\flzr{)(%re}igls_at least one cutter
cutter SEPICHIR THRREHFAL HARY GIFEIS oM another cutter element in the first

arreheoin eheRarhftengtiedsalpetisdfsoahtditgrdup bedsidttegies @itiphapsitions.
extension height, cutting surface shape, twist angle, and material
composition. 23. A drill bit according to any of claims 10 to 22, wherejn ,
2. ealhiginaly dofhifrRibacrpititteiodmnil sinid deed i LR diffefignent in each
array iddigdResitionaiwbaradaisaditpast three. 24. A drill bit according to claim
23, wherein P is at least four. 25. A drill bit according to any of claims 10
to 24, wherein at least one first array of cutter elements includes a first
27. setgtil bicetterdserneritulispossedsingPi differing radial positions and a
Seg %'ﬂga%t OF NG UG CEMANERHSROSR (D ii2oRdiahPQURNS 18 I8dtBon about a
__to the bit axis; wherein the P1 differing radial positions each differ from the
differnt epre fiFg PATAIDESHONE SB[ BHYIRIFAUFIPETP 4886Rding to any of
claimseldiie 2bayvietein saskmuiiedaiemret iheaachmariayuismispdsectime cutter;

a different radial posiion:: 27 ot AGERrINg, 19;61A1Y, L SAT PSR BGker that form

a cutting profile when rotated into a single plane;

)
P

wherein each cutter element has an extension height;

wherein the cutier 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 array of cutter elements at ieast 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 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

that at least partially overlaps with the cutting profile of the first array of cutier elements;
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a plurality of rolling cone cutters mounted on the bit body and adapted for
rotation about a different cone axis, wherein each cone cutter includes an
intermesh region; wherein the array of cutter elements are disposed in the
intermesh region of a first cone cutter; 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; wherein each cutter

elemgahnas anextesRionsheiat, Whesgimbersuiter flemeatsaodmachoany cutter

the plurality of cone cutters form a corPgPosite gjtting profile when the
elemayt LR, WFEBTA TEetan At Abe SURRRSIS S 18%%&? “plane that includes an

intermesh region; wherein the cutting profile of the array of cutter
28, e'emﬁ{fﬁ%i‘?%é‘é% tIPatB“8'£¥m°g’?.rl%‘?e§e‘{‘é'%”3§n@étl!81% REOTI A RGALSARLORRI3% of the
cutter element of the second cone cutter In tf & composite cutting profile;
extengipre hoightind Ao eSS ieteant iyt STIREMSEIIBRISTHOE thE FTRAS B SHBE Ppfee
cutting profile of the first array of cutter elements and the cutting profile of
the at least one cutter element of the second cone that at least partj Ill}/
Q%_ogj}? tter elements

t
29 overfps ittt REiegdg P e Or tHMirdt SHRYOI L faF SR ER
mouwdiareipithaicutiidienid hakappdapthof s han] M oafdthetedemsiesh region of the
Secog i Qg (%ftt%ny cutter element in the intermesh region of the composite
cu‘ftlng pro?ile. 28. A drill bit according to claim 27, wherein the cutting void

hawbewsptheofudsrselRmanssob trtheoakiEmsiof iy EBPErdiigayhen rotated into a
singl@l@meNt in the intermesh region of the composite cutting profile. 29. A drill
bit according to claim 27 or claim 28, com rag&ﬂa second array of cutte

eleWHEHHE TR og 0k Ay 57 At SRR WIATAS Ry overtaps
with dispased protiie dntesmeshdregipnfafidhecad cond aeictitterymiveieicuthieg profile;

cutter elements of secon ' rafile ywhen ro file of th

intéﬁéergﬁrgkiee cﬁ%‘ ggﬂv%ﬁéﬁﬁéﬁ?ﬁ gﬁgeéi%}élé%@%s%% I%E%%P%l%rﬂst array gf the |r§{0 e orHe
first smeand thercattipa Bt wAe soemdpaaith the cutting profile of the second

arrgyQtiihesesend conesHerphiae camResteswting RrHGonREIRIDS any cutter
the composite cutting profile includes a Cuttingﬁ\{oid between the cutting

elemsph NG ERL SR AD Aritr R RIHIR GUSVBER Bt the second array; wherein

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

any, cutter.. element J tlh iqt%g}% region of the composite cutting
30'. pro |I§:J:f8_l.ta&c ?ﬁ?%ttggc%rdiﬁg to c?‘g%)rrl] 1. the comg;ising: a plurality of
rolimpjeelis efimebnersuatedion PrRBROIUINARIRedpta efaRiedtion rotation about a

diffRRRULR axis;

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.
31 A drill bit according to claim 30, wherein the ratio of Y to X is at least 0.30.

32, A drill bit according to claim 31, wherein the ratio of Y to X is at least 0.40.
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different cone axis; 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
33, Y difarent sasiahpasitionscomber theraticothé teahseatkidastiabefhrddewribed with

" drill bit a%ccqiﬁiig@dt% %{atl?m 30, wherein the ratio of Y to Xis at least 0.30.
referegse IR Bt HEEBFAING 15 BAMMPIT Wherei e ratio of Y to X is at least

0.40. 3833. A dri!l bit substantia_llly in a}ccordance with any of the
34, EXQ@M?}%&%&%&)@ Poez%ﬁqdﬁ,s%ﬂg%\’gg% Egﬂ%r@tﬂ&? i%lﬂﬁgs Iﬁts_]g!l‘ét?%tggay of cutter

y the accompanying drawings. 34. A drill bit according to claim 27, ,
elemepitersitnidch ot dimer itidieies i asBirearilioretdr o lfmakgnesh region,
wherbPsHREEA:Har 1Bl itys f Qiffewing ragliad; positions within a band in the

intermesh egiij%n, herein each cutter {I)em%nguigt%}s ar;o%ﬁen%iagnrqg Em 2 sinale
WHERERFT RS VST SIRSaRtS of Ak & & Fo fnf A BEHRRG Br STHE WREH s
planetotated into a single plane; wherein the cutter elements mounted on the

pl%ﬂ@l@nﬁh@%ﬂﬁ& @émeﬂtgﬁ{m%&t‘én%@iﬁgr%%ﬂlﬁ e fhe HH@HMtgfcuﬁing profile

cones are rotated into a single plane, the composite cutting profile . )
whenibg g BnOf SRBRN &S PBETB A SHBEE tlancuthn GPBPBRTE Tt Papfl§ jpeiuding an
intert¥EnGeRIRYSIte cutting profile at least partially overlaps with the cutting

profile of apother, array an ap adi'lacent co%:-; Whereir}[thet({:om %%'fe ot least partiall

cuttifgPro fe THERRIBD %Iﬂraeﬁtci/ oach:a&[tt’iIrl]g Vords Tand where each P Y
overlepgtivigh visichwitizprtifgeinfenvibeharegion afatiecestmpmsite cutting profile

hag /e, 4GRI0 AS&%&Q&%Z@‘%{%BIO% ﬁ%}&&b@l%xﬂ&*gﬁ?t@@fca@x&%@; glgment

in the intermeshregion of the composite cutting profile. 35. A drill bit
acEOIARY kIS itheithin the BiRtarddRrMmfiikaetmansdly spging profile has a

deptiNRsNR indt Igast thressdifferngradialpesitiongemént Andtil bitaseerdiegon of the
to claim 35, W?S:rein the cutter elements in each array are mounted in at

compeslts TEUPERFRHISY radial positions. 37. A drill bit according to any of claims
34 to 36, wherein each cutting void within the intermesh region of the

35, COMRARtGCHtngRolIanas2 dartbiess thas RRAfINeLHERRIPre mounted in at

height of any cutter” element in the intermesh region of the composite

]easté@qqﬁ-@fﬁréqgégdial posttions.

36. A drill bit according to claim 35, wherein the cutter elements in each array are mounted in at

least four differing radial positions.

37. A drill bit according to any of claims 34 to 36, 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.
38. A drill bit according to claim 37, 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.
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38. A drill bit according to claim 37, 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. 39 39. A drill bit according to claim 37,
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

39, Culignelementindhecintenmesh-ragioniobife c0bupasiten GHEtIng RIfilec A of the

A drill hit according to apy of claims 34 to 39, wherein each cone cutter .
compoii AR S Ay L e SRR R BT /b e A o e
intermesBegricharfi ty ofropit@r eda@meptsiiirounted within a second band spaced

axially apart from the first band, wherein the cutter elements in each array

are mounted in a plurality of differing radial positions relative to the bit
40 gxidilhRY aprardla then @3{%@9 3%‘&!%3"@&5‘@6?‘&%%}7 GPHEsiRchgReR re array of
cutter m@ﬁﬂi@%&féﬁmm &h@;im&eﬁmei&&e@m @écﬁﬁ@haﬁ@,r%f dikiioA deillbits agcardingithin =

to any of claims 34 to 40, wherein each cuiter element has a central axjs
second G, BT FORR g DB O e AU 0B M o i ap ey e
mountcsainl aplaydinclldésratl eatttnwoitcutiarlelormentssHaving. skewdgraiethe first array
and sedGHAINGRERACRAINGE Ao ATl RiLasagringdoelaimdd, whergin,the

cutting profile of each array includes at least two cutter elements having

skewed axes relative to each other. 43. A drill bit according to claim 8,

41, whergineasheanacuiies CampEsesamamay-ah culterpientienis mountestral axis

in a plurality of differing radial positions, within a band.disposed in
o G TR, LA ClcEr SIETAG T AEh S P
cutter akdnergirhthegeittercé lerrontaiof sasistapthgy.form a cutting profile when

rotated into a single plane that includes at least two cutter elements

having skewed axes relative to one another. 44. A drill bit according to
42 ci‘?&iﬁiﬁﬂlél,t aerding IRe aitét s it A R QR EBAB BURET R’ igest two
cutter OMPasiteayiiiey arefierahen tbeahleast 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
43.  the dOhbgositerduttingiprofievisein ehih binacuordivproisiaimatay wherégn elements
mount&RG! £$§E@£lﬂeg@%@fn%aﬁhiﬁrmim aErension dnsighl AN vRRFRIB: region,

the composite cutting comprises an intermesh region including a plurality

wherelgreagiiig e I RIS WIS FANEALR By void within the intermesh region of
theheampastigeuitingprefilediagay 46 depintes srittan Windorohthibinto a single plane

hat inSTE0SIQN, Neight of any cutter element within the intermesh region of the

Egea at feast two
an

44, A drilf bit according to claim 43, wherein the cutter elements mounted to cach cone cutter form
a composite cutting profile when the at Jeast two cones are rotated into a single plane, and wherein the
cutting profile of each array at least partially overlaps with the cutting prefile of another array on an

adjacent cone in the composite cutting profile.

45, A drill bit according to claim 44, wherein each cutter element of each array has an extension
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
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composite cutting profile. 46. A drill bit according to claim 45, 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. 47. A drill
bit according to any of claims 43 to 46, comprising N cutter elements in
each array disposed in at least P differing radial positions, where P is at
depth Lﬁ@s’siﬁﬂ%%ﬂ& Aedrilehitackading o claimddemhereitik iscahteastsfottgion of the

compos}te cutting profile.
46. A drill bit according to claim 45, 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.

47. A drill bit according to any of claims 43 to 46, comprising N cutter elements in each array

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

48. A drill bit according to claim 47, wherein P is at least four.
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