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Tracking also can be partially reduced by increasing sliding and scraping of cutting
elements on the bottom hole by adjusting the geometry of the bit. The drawback of this
approach is that the cutting elements that are sliding and scraping will wear faster while
tracking will not be completely eliminated.

Another solution to the tracking problem is the use of varying pitch (angular distance
between the centerlines) between the cutting elements for instance as proposed in U.S.

Pat. Nos. 4,248,314 , 4,187,922 and 3,726,350. Any deviation from equal pitch, can
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metal, for instance iron.” Another common drawback aII the prior art solutions is
misunderstanding by those knowledgeable in the art of actual cause for detrimental axial
resonance frequency vibration of the cutter drill bit by boring rock. Inventors found the

cause for detrimental axial resonance frequency vibration for roller cutter drill bits.



metal, for instance iron. Another common drawback al
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contemplated by the present invention.
FIG. 2 shows a side view of a cutter designed according to the teaching of the present

invention.



contenpl ated by the present invention. FIG 2 shows a
side view of a cutter designed according to the
woeanshirqig3 of the present invention. FIG 3 is aPCT/US2005/001796
schematic drawing illustrating a preferred arrangenent
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DETAILED DESCRIPTION OF THE INVENTION

Referring now to the Figures, and specifically to FIG.1, a conventional rolling cutter
(also called rolling-cone or three-cone) drill bit 50 conventionally used for drilling a bore in
an earthen formation is illustrated. Bit 50 is typical of those contemplated by the present
invention. Bit 50 comprises a bit body 51 that is threaded at its upper extent 52 for
connection into a drill string. Bit 50 optionally may be provided with a lubricant
compensator 83. A nozzle 55 is provided in bit body 51 to cool and lubricate the drill bit
during drilling. Bearing pins or arms 54 extend from bit body in a cantilevered, downwardly



an earthen formation is illustrated. Bit 50 is typical
of those contenplated by the present invention. Bit 50
woaempnrsles a bit body 51 that is threaded at i PETUSP®E/001796
extent 52 for connection into a drill string. Bit 50
optionally may be provided with a |ubricant
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known that the ratio Kv defined R divid )
and optimize overbreak of formation, the decimal part of Kv is preferably in the 0.3-0.7

range.
Overbreak optimization of the cutter 101 according to the teachings of the present
invention mathematically determines optimum pitch between the cutting elements 107
arranged in circumferential rows to produce the largest chips possible for selected cutters
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wohas®7493rati o i s equal to an integer regardl PEEUSE005/001796
pitch sel ection between cutting elenents 107. In order
to avoid tracking wwth varied pitch and optim ze
overbreak of fornmation, the deciml part of Kv is
- 101 anddpenatiens tp hedriliad. J hg.lgrgprrtm,g@psqh@rmp@nock formation is removed
agear
per unit BP5hligf Hid3fe Hreale? i€ U Toad A 8R! i thorBy sdfings. Pracement
of cutting eiememmé@hpjosenmaplth@ loptietune distarioe rest:lts irgles$ ol broken

o unt W A Bt bR e B O b s
" increasddosdwér suisubiption 44 tHipsiflg i Fsplacedsy irldeptdtidnps, the

nore rock formation is renoved per unit of enerqgy and

The @ugprémys meuptest on tha kit ABA 54tan¢e|sdﬁ@t%¢1 abgyt bit central axis 115
in the dlr%%}’bﬁ%s Rh@ﬁﬁﬂ@l?tthé’ eﬁHHt"l&gs %@p@méd &??h&b%&ﬁ&trfcnagus on the

hi's OptIme anc results In less vo
surface pfethemuitter 401 éoroner/when tbb@qlmnethmmemathemntraramn 14 of the

cutter 1d1h|ﬂ{br&tgs§e§) mé M‘em t?dbc <§f ét@%‘%&g Coi sb%,éc?%é g:ﬁﬁ %ﬁment 107 and

sunption as chi p

the georﬂélteuccsurrfaee of He catteroln'lt etbh other drdds,ta gemeratti@ied ¢iirve that forms
s 115 in the direction

d ]
the Surfdsget th CT! 4118 "B AAlut Hi6 £ Ular SDs. a8t A mamealuring

drilling, rﬁﬁi‘hﬁ’@?dé lﬁtérgéﬁ&s%letﬁ}é%n%é ca&éer i1 EHS St ﬂ&ﬂ% disir}{egrated
f or med Ei’ ane contai ni n centr al

occur alefig @ lgénétﬁttlx;ﬂoQo hiergfere apsimad p?awmwﬁpécuﬂtmg el@penfs with

respect t@tthéﬁ@%hsﬁngoﬁg cqge%te‘fé’t{lﬁgé d %]?c‘oall @(ﬁg&l‘: 4Rh cﬁ rb\'\gﬁ Jibration.

eonetric ‘sur
Rg&nemgmowm iFdGa3cwhioch deptts MiewsA tlbeklsg Mpmaed lgfat e cutting

tter as it 1S t at out th
structureg g e RetyaBnife Gftherdigents TP Sebbeq fodfa analrpetween
adjacentbﬁm@e@leh’fwltéf Wxise500, Gh @ash élﬂfum’eréiﬂlabﬁiv@ Care _|progressnvely
|nteratedoc_i1r al ong a generatrix 400. Thefefore
mcreaswkgpf

G} tocthermaymane pileh 309 MAreQueBealt pitches are
different bh&'tﬁe ﬂ'ﬁﬁﬂdrﬁ ﬁfﬂhﬁ 198 hetrhhgifin Ditch 4160 &re fa@[aceET t each

reduction of vi bration. Referring now
other. Additianaliyn ﬂmmlrajtrwnvpmheﬁ 109 okialicingpmderginfiabowsht02-106 start

olon o B AN LUE e o Bpermore, e
deviationcfodrnithg geheratrix 443 a:‘anaoﬁéb&eedm&d@dﬂees radri$ pr@‘étalbﬁsL Iess than
nalf the @iy R A THE A chiostin 1 b mpanaingd oAl Brairerentia
rows 1028166 ef §él§rc,‘€|ﬁ¥ngar‘9|@rﬂﬂéf? 101 Fr P 8aR] FtImLfSp ﬁ(ﬂﬂast {68 starting along

maxi mum pitch "109 are adjacent to each ot
said genei@dit 1 bhand jncreasingitaimarmpm pitches1t09.on al |

IR ARSI od ASLIRGRRR T 2482808 ArRaEH g member
101 could 6&; eduat bhdiffererd, Ttheemaximum pitches 109 and on all circumferential rows
102-106 of said cone 101 could be equal or different. The increase from the minimal pitch
108 to the maximum pitch 109 can be defined as arithmetical, geometrical, exponential,
logarithmical or any other mathematical function or a combination thereof.

For illustrative purposes, several generatrices 400 are shown along which cutting

elements 107 in each circumferential row 102-106 are being aligned with deviation from
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varied pitch @04 |stgeeeﬁecthanp| Q% lof #t3absoluiedgifferenca. befiveer mpxinum pitch

105 an o 0 R B LA g o 5. o

above dé‘ﬁllﬂ{ti_oﬁlrfgi gr&fmft%ﬁérﬁldat réw 10Besaatid ?s}t(aitemr_l ﬁgatﬁérﬂaf%é])form
nmul tiplie e deci of Kv which wi e
denot ed ad2 O&EM t%@n&?ﬁ §é§| of present invention.

In one dfé’és ﬂé‘@ﬁéﬁiﬁenfté’é%éor&mg tdthé %nﬁBi@aB of the 'é:ﬂhbﬁt ink¥ntion, the

di vi ded deci nal part of Kv
pitches aemoabdlam wan@qmahetlmhproguessmf*hq form pminimal piteah+ D*n,

wherorB ASon ST 3L e Bbd A6 Ky RS P v

effect ag@_hlglg_a c%emdw@ﬂweﬂfegyg (nf— t.&1B. ;?r mati on during

. rj In | Sts en t
Yet in aiihes clgs,s ti STBRORRRNE ACCBIA R e ATICRAS PEfers Esn!
inventioﬁnoﬂ) dah 196 Gafi&d s&é}?ﬁs i@%/ﬂ&/f/ oplifah prRkicht dF tHees R0IRG elements to

tween nmaxi mum pit
reduce vibration.

Referring now to FIG. 4, the cutter is illustrated according to the teachings of the present
invention. Annotations similar to those in FIG. 3 are used except in this embodiment of the
present invention cutting elements are made of the same material as the cutter or milled



109 and m ni mum pitch 108, both of which are sel ected

for circunferential row 103. The above definition for
weReswmrd4es ential row 103 can be restated in  PCT/US2005/001796

mat hematical form |203 - 204 > 0.1* (109 - 108| In

one class of enbodi nents according to the principals

totn 135 K07 AT PRSBSOSt varid iy
204 areillustrated fof ciicureesstiad révi195craRSEirdiimiheritial Fdw 103 in FIG. 3.

: ! 103 in |
The ovgftirgak cliRel 4f Pk forERIoB Sbrinaeinjing eXsts Whensheranseluts tifference
betweeh selected pith 208 %EMIC@F%Q{ %ér‘il;fd &f%ﬁ?ﬁ{*ﬁ%%ﬂeé than 10% of

according to the principa e curre
the absplaifferenee betwerrcmaxisnuro pitich d@9cartd minimphapitere 08 toth of which

are seigdl@a i Gt EreriRIdy By TP ol ety facBirlimiagetial ow 108
can be réstategbiamatheneiticahfermr esent i nventi on. Annot ati ons

simlar to ose jn FIG 3 are used except in this
enbodi rrentlzbS‘tﬁé‘{lﬁrgéermoq 8l on cutti ng el enents

B6 RlUSRER: Sledthm éﬁdﬂiinﬁ@%%é?it@ﬁ fénr@ve%‘rtetaﬂrop?lﬁ]izat{on  according to
mlledteeth 173. For illustrative purposes, selecte
the teaghingsmobthe pregenttigvention, fmincusdereatiakbwd10% bel26tipitshe203 and

K : : ' j row,105 versus
comput s 8 8 204, ARLES Uhh L3RSl g pat o e
circumfefendiat rax¥ 106.c Fhearods0adn gﬂwshr@ ﬁbrirﬂ the Iw)irﬁ_)ﬁt aﬁﬁré%@gﬁél n?jidpoint of
: h lLute diff tween sel ecte itch 2 and
setectol B3c 8 el S5 e Hhe S5 eTarc ok i apte to the
directiod QS cutter 4% ebtatién dThE InaINsrarE A6OASIL WM ih 3 da itdih ‘[iolilgh, labelled
and m nimum pitch 108, both of which are selecte

109
ComP“tPg PItER 20dnfldvecarcidli0 deswtad as Lequalpte thedengthi afisaid tisgumferential

row 10542641 iR by 8 dbtin b Sr KV ST Wile denorgd apkvD.
illustrate sel ecti Qn=oKygpt (28l yvagpq)ed pitch for

overbreak optimzation according to'the teachings of
FIG. 5 ijysiratessthervolume i the formtasion direkemwisheutt dverbreak aptifnization (prior

o) LS A A B L M S L g
not optimizedy teevalnieadf the forttitionTirekem anémp}mo?pﬁseifa??ﬂfgzrg r3n
s i. ; e I .
siomind At RO o RSP, B e e ey aeing to

the teachingsyfaké beedemt iMentbh sicts iﬁg)o%g@lé)fo érehieCovekBreak with constant
tion. of arc 450 falls within a certaln

Th d
pitch Coé{’)%%l?,”alnﬁklﬁgESP@@%Uﬁ@@fﬂﬁ bitsrofawier athe arc 450
R0 B b AHR A 7 e o ovma
spacing between pravieusodndsulidaqrientpéehetoaticharaftoattirgsel&niants is shown.

Overbreak is optimized for a given circumferential row when at least 20% of pitches have

mathematically determined pair, which satisfy the definition of overbreak according to the
teachings of the present invention. In one preferred embodiment, all pitches of given
circumferential row have a pair satisfying the definition of overbreak according to the
teachings of the present invention.

FIG.7 illustrates volume of formation broken as a generally convex function of spacing
between previous and subsequent penetrations of cutting elements for a given formation.



L=KWD* (2* p*rd4 FIG 5 illustrates the volune

of the formation broken w thout overbreak optim zation
wQpedsor44ast) . |f the spacing between previous ROT/US2005/001796

subsequent penetrations of cutting elenments is not

opti m zed, the volunme of the formation broken and

depth of penetrati on are i nsignificant |acking

Eacn R B SRkaR i 15 P DBV 1) LOLE v ShelF B )

~depends o phpmoalsartni mebbamcalqtrepenmsh:‘féaimammffocgiveh&vrse of cuttmg
in.ro

clemdi g SHNETLQBRLY e et e blovaton roken

is mafqmz@dl on broken with overbreak due to optimal spacing

tween previous and subsequent penetrations of
§?fqrﬂgg spuneflG.§.5 sehamaticdayput ef singleoganeniolling guster 101 and

placeﬁheﬁt Bﬁﬁ\aﬂiérﬁéﬁgaﬂg %@Eér?ﬂm (?9&3@?64 Hithl %@gécﬁg é"wgerct%d pitch 203 of

t ches have nmt rmne
CerUfTSfof?fﬁfa}' rawi 4 06 ds lllnstratad aﬁcood/lag o thekteachimgdiofighe preseat invention as

[ f.the present invention. In one preferred
descr"bﬁgqn Fﬂ%%tf) g pitches of given circunferential row

The cttling ederpent 1eszabf thkydireaniferendal fow 106 of tHe OMRIrAI0Aakteracts with the
s of the present invention.

bottorg gl ré"!oﬂﬁ peth ésﬁg‘%ﬁ%ﬂ i i SigesI098 101 1B,ihe beftem hale sestitting from
penetﬂﬂlﬁﬂ f&|ch}t|n@Q=Eléﬁ1>énf&@l@ﬁﬁ@fﬁe‘ﬁnlwgw&s?etl’?“@‘?ﬁst@ﬁ@éf/ b@H\feen adjacent

d subseguent penetratl ons O tti ng e nment s
the 'mQr%fprS& on die ciseriat patb 300 with radius RShaequaktodthe dlstance

betwegﬂ %ﬂg;gftl‘é)’/%lédﬁ?tew Eﬁﬁ nﬁge?%gﬂgﬁﬂf;& Srﬂ gg#qrfifgigrﬂfal row 106. If the

pair off mtqmaemzm eimd 2@4 vrithe gpeuraferentidlirog Héecisealculated according of the

teachifh ol X eOpreBE Pty S BATL b A8 RS AR ASEiOROAD AL P3O0

penetratiohd of the ISottPh BBRE by cbﬂ’mg Hlerfbn@ defined IRSH‘?M il foﬂSw
cutter 101 and placenent of mat hematica Iy det erm ned

penetrglipps, obeufting ﬁiﬁm%%tﬁaﬁfmm rytéqhe%Q?e ®pimat pitoly difirence will create
overbr%!ak ‘é%f:?éﬁd‘&hrﬂ‘na"t@ a&ﬁﬁg's fur rlhbldiﬁIHﬁ?ﬁr%geesc COLALY ﬂg&? improves

he teachings o i nveriti on as descr
scraplmg @lclencygiurmgdoauamwmgrllbh@,rtbus e]léﬁ tiodset tugtting elements that are

LT e RN —

of fornﬁil(ibnl as ¢m~apmuttomohstamt pitshy btts ng fronope @ﬁtﬂo@ﬁmem &fthe present
process.

inventf busiila Pams 104 Aot S erREL s Sitieradave being
aligned Pgdthgln e @%ﬁ%“%@@g{@?@“ﬁﬁgﬂgﬁ ?8Hén%1tm£ 206 h:ﬁ 3% less then 51% of
the Se'fetﬁddﬁ'ft'mé”tlplmfum% fenevery eciunifeeential rowse occupled by cutting
elements 107 resulting in substantial elimination of detrimental axial 115 resonance
frequency vibration of bit 50.

If cutting elements 107 are not aligned along said generatrix 400 in accordance with
the teachings of the present invention, detrimental axial resonance vibration of bit 50
offsets benefits of overbreak effect; therefore, objectives of the present invention cannot be
achieved.
F1G.9 shows another embodiment of the cutter 101 designed according to the teachings of

the present invention. The cutting elements comprise both tungsten -carbide inserts 107



pair of pitches 203 and 204 on the circunferential row
106 is cal cul ated accordi ng of the teachings of the
wQrEs®M493 nventi on, than for any random secti oRCB#82005/001796
al ong path 300 penetrations of the bottom hole by
cutting elenents defining pitch 204 wll follow
penetrations of cutting elenents defining pitch 203,
optimal pitch difference will create overbreak effect
and mﬂ%@l%E{H 1738h& a"srllﬁfs‘ﬁ'a'i@d ford]JrBQm?]ér‘eH %I%MP{ (?f fidve §e/I§He%dpitch 203
npr oves scrap I Cl enc urirng tormation
and its qalcullateq;palt hasedapéch ﬂﬂdsﬁhe: beglnng\gemfm"rmrnamt pitchearti®8 for both

s of BT Ao 0] PSR Pog SRR T8 AL

cnrcumfewmar RAvst of therzsttant0pi Pitbhés frsall dircumhife réntize E’dv@?Piog@éssively
resent invention, cutting elenents 107 in a

'ncfeaS% m eﬁ‘ﬁﬂgﬁeﬁ'ﬁn and msmym and finimum pitekes,far @y cicugifergntial rows

are adjatlePP b £&h Sﬁl‘é?r f’bF eécﬂ@ﬂﬁ fé?elqt% 8vi Raxi dﬁ‘ﬂjev:atlon from
generatrix 4 ' ess then 51% of the select

generatfices mjﬁs@thaiho 5(18>fftm respective mitiondfre péoh |salecteﬂ/®r that

. by cutting elements 107 resulting in

cnrcumf@@@ﬂggﬁg{ al elimnation of detrinmental axial 115

FIG.10 illasivates @nothierqlesscof the kpjrelbrred e‘rﬁbcbdlme'iﬁ)s wHeréint duttivey elements
eneratrix 40

el enents 107 a ned S
107 are 3Tafesin Hauss,d 14 Whecein 2 Aty BTG DRAIGVB Sopenstant and the

pitches bét«(lﬁéd dupd iré VEREY. afl'hé@n@'ctléﬁq Q‘i‘%‘ﬁ%ré‘éﬁ f'f‘\t\}é?iedoéltch is
bit 50 offsets benefits of overbreak

maintainebigtilgr &or allgregps\fugthemmenee Mipigwal rmtcneﬁ/ aas iagm adiacaot to

. I, . r
maxim i pREIMLEHTS o Sy PRV SSIRE IR 100 vl pton s
than 45 degseast andcprafeiably. witih deuiation iglesk d¢inam 63 %comtheisetedied Minimum

itch 10gungst en -carbide inserts 107and mlled teeth 173 and
P 5 illustrated for circunferential row 104 have

FIG.11 isel setepshatit) perBp@Qiteanewidepicting @ rahGsted 2ohe 104 b@ﬁlstructed in
4. The begl nni ng of, mnimum pitches 108 f

accordaBe% Nv'wgsée%@hlegjp thegpresen@ﬁvgntma%ﬁasqmdgﬂaﬁlssz, FIG 3, FIG.8
which |sqyﬁ6ﬂllypﬁ§ecﬁﬁﬁ'qftﬁlhbh , ﬁ\ rigoé ﬁallé"é B6H rqﬂé? 5?‘%3 of the
0 t ches’ T'n a ows

] € cutter 101 circunteren
reaminggypeyr E95 illvetrativenpurpases, ciroun#ecamiebtdvoazasbowasemmed pitch 203

. ; 10j j t,C all circunferential rows are
and its p%&d%%%ﬂ%@?di‘fgf&%ﬁé@ For each circunferential row
FIG.12 isaxfrontviele andtd side viewrttgeogtert70108ish bﬁeb&@&m‘fé‘r@ﬂtuﬂ row in

[ |tch sel ected. for th

of th[} espe tl ve ni num
accordapge wilfithe iaching phte repeentnyen masa@%%cr&@éﬂn&ma ddiis is
another @ﬁwﬂddﬁnéﬁfé@ﬂr&ﬁ theﬁ%ﬂf s OMIGE Brdbeny ﬁv‘eﬂﬂoﬁ' enent s

are arranged in groups TI12 wherein the pit
W|th| n the group is constant and the

10



pitches between groups are varied. The direction 111
of increase in varied pitch is maintained simlar for
wabkbosgromwps; furthernore, mnimal pitches 108 RC®US2005/001796
adj acent to maxi num pitches 109 al ong a chosen
) generatrix 113 of the cutter 101 with deviation |ess
Weclarnhan 45 degrees and preferably with deviation is |ess

Ante% g&rﬁqo%ﬂ tJéﬁy%%g‘cht ed mnimmpitch 108. FIG11 is

ve view depicting a truncated
a bit bodynmeﬂﬂmmyshamg actentrahaxisiofiastationy t h t he teachi ng of

sent vention, as desc FI.G FIG 3, -

at leastialg Gitiat (ALY TGS B3 SHELI! POy, Hhm SuHEHGAvVIng & Gegtral axis:
a pluraﬂ@dof%iyﬂﬁfg Slehients féﬁch'dﬂffﬁr@“@l@n@ht hbﬁ/ﬁlgcg cérﬂérlfn%afﬂéq&ttmg

ty For illustrative purposes, circunferential row
elemen@z@r@mﬁ%oaéﬂ%@tﬂ@i np|geaﬁreula$|r§umfene@tlpbrqwxa| cul at ed
o pllrfEt SEa i Bl Gl dehld A0ne 4 EBOR B 6 tn surtace of
the cuttacfmmdadmhaematpﬂartdmontamr’rg the centrtah axuprofstlwtuitewmturbmsses the

i S anolt[}Fer errb

“centerlfg of SRS Ee prlectedifing earent B e ashMatie SHtee ofibe cuter;

cutting élefidhits i other eirdUrmfch@ntial GoWs beirgPalyned aﬂﬁn% 3aidl deﬁé‘ﬁﬁlh‘lx with
the bit body having a central axis of rotation;

deviationggam sgiskgeRRrati of est hanyhalidhisiseledad saximpm pwwf the
C|rcumfé|’é‘?’|t|§FW1icér?T@nétd;Sy the rﬁlﬁ?@é’i‘ﬁé@t{ a plurality of

ting e eac t1ng enment having a
whereincairieast| anesgiraunsfetantial Yy ebetais sitchesaviygrdindthetrhaximum pitch is not

erally circunferential rows; a plularity
equal tg %te ’ﬁ[ﬂ‘é’bgt’ﬂf" each generatri x defined as the
for said gewnat lebst 2@%&6 p¢t0hé§1 Rawe! hfa‘!l@@naflcélfyﬁjewﬁﬁlﬂédfpaﬁmd
| ane gontal ning the central axis of the cu

and themselt'é? Gabigcifisience Rebreqsaigmiigh Ancilis pans areplayaan 10% of the
absoluté€ Vhfueiff&ep® Bbt\ﬁé@n FRAIrBGAEH Prfnifidid péh fSr tﬁQ‘fﬁsrcumferenual

cutter; cutting elenments in other circunferent
row,  bei ng aI i gned al ong said generatrix with deviation

i AR SN HSHEAT kol O b BB 558l e

along saitl eircumfénagtial rewein tthe directiomoppoditeastthe direction of cutter rotation
. rcunferential row contains pitches wherein the
during PGSR TE SHUPS (ahS FGRR Of SEICHRY CHMPRRIapiOWE 2 iy multiplid by
the dec'ﬁ@| dahtQpKyat | east 20% of pitches have mathematically
determ ned pair, and the absolute value difference
L =2*n*p&timMEENn said pitch and its pair is greater than 10% of

2. The etarr]t%-boring bit according to claim 1, wherein at least 40% circumferential rows
have varied pitch. ’

3. The earth-boring bit according to claim 1, wherein, for circumferential rows with varied
pitch: |
mathematical relationship used for one circumferential row is scaled to mathematical
relationships in other circumferential rows as a directly proportional function of radiuses,
the beginnings of all mathematical relationships deviate from one selected generatrix by

less than 45° and similar direction of change is chosen for all circumferential rows.



absol ute val ue difference between maxi nrum and m ni mum
pitch for that circunferential row, said pair pitch is
waetwspmped by neasuring an arc fromthe m dpoP@t/ust005/001796

said initial pitch along said circunferential row in

the direction opposite to the direction of cutter
4. Therearth-boringlbitiacgortting ta ¢lgim 4 awtewmin tregselestetlanathematical

, . . . e

relationlgﬁirﬁtqtﬁgn%gﬁﬁ'gﬁc,%ﬁ%tf(igéﬁ \r/]vtl_ellgimlt%ﬁ %ypégerﬁ@brlg@a%mg {)Iro%gession or
any othepnidthdmaticd) fimdtioacsraombiigatioh 6f tAeraok, wiieRNead tP$uccessive

| east 40% circunferential rows have varied pitch. 3.

increase i Pghas-toRRtinyge pverbiealpphifargationcl ai m 1, wher ei n,

f _' r 1 . L t 2 1 Ni- H . .
5. T 4ryEhaIT PS8k Mot ki BE Bl s geperavces
are lesy thani &1 % o thaiselectedtmisimuimgritchraf|the coogmfasential rowromcupied by

i r ential rows as a directly proporti onal
the cuttﬁwgneggﬁ%ﬁ[.of radi uses, the begi nnings of all

6. Thensirtrebating bit acebmlingtastlains 1 dwherdiretHe auttiog elemeemte lagd formed of
generghri X b% | ess than 45 and simlar direction of
the matgfial fdne SUBhsen for all circunferential rows.4. The

7. TheQHrib&Md BB aBLordafef @y dhifg 1! Whélei tRelcutihg eRiMeritY@re formed of
sel ected mat hemati cal relationship is an arithnetic,

hard mejabiptarfarease fitjeiaperkwesiosaedrin the cultergari t hri c
eSS At L, . i [
5. Tre SSRRILSR &rdRY EHART TYIFIR ML ILIRR b
9. Theiaarthebening bigmdcohding to claphiinwhereindhé eaek-bafring bit has three
tat blfor tion. 5. The earth-boring bit according to claim
rotatablg CUltf ei n devi ations from said generatrices are |ess

10. Thékamth3Sfiry bit Becsialnettbesthifi Niwherel thefbiik 4 86ring bit.
circunferential row occupied by the cutting elenment.

1. The cuitgeaceardingde iaig i wh%r@afmaﬂqa@t pBe geaeratrx coplains points of

. . i ' I r i . f

tersechf ENIth b B BB A5l i ic s o e

cutter foadciicnmferentiak nowsgofeiaidheuttar. are forned of hard met al

12, The, B85 LRSS BdorPBEHI u15E fo heb el fpwen varic

pitch mathémiatical ediafiénshipy Lsed furtoneirclintfe@atinhrovoisi staldd © mathematical

reIation%ﬁﬁ%bdétggggziggfrlg%én@t{la’é ,ré\llhvg E’:\gIandiF'ehc?ly%%E)gﬁigggll fﬂ%ct?c;nt oP r%%iuses,

all mathematical relationships start from one selected generatrix and similar direction of

change is chosen for all circumferential rows.

13. The earth-boring bit according to claim 1, wherein the KvD is in the 0.3 — 0.7 range.

14. The earth-boring bit according to claim 1, wherein pitches between cutting elements
are grouped on the circumferential rows such that the pitch within a given group is
constant and the pitch between the groups is progressively increasing from minimum
to maximum on the circumference of said row.

15. The earth-boring bit according to claim 1, wherein, the maximum and minimum pitch
are determined as a function of physical and mechanical properties of formation.
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10. The earth-boring bit according to claim1l, wherein

the bit is a coring bit. 11. The cutter according to
wobhaisror#493 wher ei n, at | east one generatri x conPa@rms2005/001796

poi nts of intersection between the centerline of

cutting elenments and the geonetric surface of the

cutter for all circunferential rows of said cutter

12. The earth -boring bit according to claim1,

wherein, for circunferential rows with varied pitch

mat hemati cal relationship used for one circunferentia
_row is scaled to mathematical relationships in other

16. Thepagtinbosing kit agcording taslaimdi, merein, thedperemental increase from the

17.

minfirA 0T [!)l?{h ﬁfthé?ﬁéﬂﬁg@ gg&# is'YRE I?fé@“:&ﬁ:l oétlﬁlnnﬁ%;&%?gljegﬁ for selected

start’ fromone se generatri x and
formatiens anchcuttingledergent gearhesyen for all circunferenti al

eart h-borin jt.according to.claiml,, )

e, lfer b EprdREEERU; 1, Wb ot iS85S kA itpaltppakimum pitoh
alorepthelengthisngf ai dircantferchitinbrows islad anithmetoss Srogré¥isid) &%

betweep cutti ng el ements are grouped on the ~ o
beginning, ﬁ’? éﬁgﬂ?'ﬂéﬁ Pitehirs starls framonerselented generativnaad minimal and
ma@im(en pﬂéﬁééoaﬂesadi%@@?teaéﬁ%tﬁé]’%%éﬂﬁ&hﬂ%?@nﬁﬁ%w.

groups i s progréessively increasing frommniAumto

maxi mum on the circunference of said row. 15. The

earth-boring bit according to claim1l, wherein, the

maxi mum and m ni num pitch are determ ned as a function

of physical and nechani cal properties of formation. 16.

The earth-boring bit according to claim1, wherein,

the incremental increase fromthe mninmmpitch to the

maxi mum pitch is the distance to optim ze overbreak

for selected formations and cutting el ement geonetry.

17. The cutter according to claim1l1l, wherein the

increase frommninmal to maxi num pitch al ong the

| engths of all circunferential rows is an arithnetical

progression, the beginning of all mnimal pitches

starts fromone selected generatrix and m ni mal and

maxi mum pi tches are adjacent to each other for each

circunferential row
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