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passes t hr ougdledubiion kdp R iirclitdsahctor for & déifcultel @hibIOKa8 alwRhrTEt if Bieh AL fdrmdditherddr) The,
when thewe ipgertiopoftianointal foice iskitat 1duirbd to Boripradsl thie Fugk BEnédth & i) cutiefto ehabid @ itd pendtia|
axi Uf t he thexbek. @4umd Civan bls énhpiricdliy Hetermined iy firet usthgratnew Bifthus settingA,, $o.zarsand therefo®
ef f ecti ve baatsingdiiesniire sdchrel termid go thzrava éapwe ndrmalfored aan be dpplied aut withteachrofithp bthere
122 as showfadtors kaogn ICecahde datergined.Thereafier thoagiue of &k 4,10%in thednstaotmyde efdmpignesntinghe
real side artbeineofion/isirsestedinto the aauation aphihe bitigwsed uriiweprslats lapnser; Thareafter,webrflgl asgac d
by the prog rigimeasirgd m’éﬂﬁettwei"ﬁp thejeaien Wichds fthen solyediotGrewhichvin he inetapkede Fhigple-
pos- ition dnentingtpgi ntwame'sfz@ i s dependent upon the depth of the cut

waich, in tur}g'rhei afc é‘ﬂﬁ"’fe ﬁe't'ﬁ@"'Pé%é“ g%eweﬂ?agﬁ" thamstetﬂ'qnsé:;mfter
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ranges between aqbout 0.75 and abOLg‘ é 22 and which in the I nst ant m)de of
i mpl enenting the invention isFsely Eedifirtdw *ofs 'Ehi ght  di f f er ences

bet ween si nul afjeist teanoﬁtt?sec.remmutua rcu Rb eqibtiddiid the'\Riftihg o6, 1.8, BatY&liredltd fractufal t
and real sfIr ithé robl, AndWReXeceha & s tREInHprER1ivE frickithlcariey i o dueh Wear IAETHR variabid&ih B,
[err], acc OLHt]hﬁiori &6 as!fRYibbdabdaCandf ik Sdiltion, B tiR vk téptridfait. Ik tHe.instiWiEthdde ofdinple-
this f act or mpgnthvigithy indehtion, the dménsidhies icaBtadiic, aid Gy drdeud) to 3,000 iahd 63 eapeetivielyan

expect ed and aGpdnd€, band® dbtixmined efpiticalti byaltiltrg with &wo knbwen dircumfetentiblifadea spplied th the
expect ed. A duit bik dnserliegp.all tige loewh vadables ditg thé circomferentiaheutting force @aystion at aacdhyalue of cir-

determ ne the value of Bf for a selected drill bit. The width of cut nade
by the cutter is designated [err]. In the instant node of inplenenting the
I nvention, the conputer nodel generates a grid of parallel vertical |ines

across each cutter face and [err] is equal to the wi dth between adj acent
lines. The equation is then cal culated for each grid to generate a total
force for the 30 cutter. The effective depth of cut is designated [err]
and [err] is a dinensionless constant, V\:hl ch In the |nstant manner of
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the cutter face fromriding up out of the cut for a selected cutting depth
and wi dth. The second conponent of tERo%84ra48dn for F/ n includes a factor
for a dull cutter which has a wear flat of area [err] formed thereon. This

40° porti on Qinfetdntl f@%gﬁ]sogggg&h b@aﬁoh@forés%ﬂ&lbf ed to conpress the rock
beneath a dul | ingnteiaiiplé uhdéroanaidératioh, Lb.Odril BRIk Bi§ife 7, M@ véledthe biRtinhibrefdafiankl Gérinkl
can be enpi rforedsl asyilhdiitaiinFigueel 1) st et dutter isdald@atéd. ASHotedl above) W& dépet of it @ o ferictidn
to zero and dfthe ratd @ pénettatiosandghet bit Goteditn fate@vhizare Béth provided tothgiédmbtterze préseledtelf Fep W
nor mal f or c aues.&inchthe aytiotsion thealritbitwan dut ececdurfade thahis indlinkdto tieveiticdl by doraagleibetd, d1u- |
can be det erstratedid Figita d4, thefnoame) foick canba reselved fintd avertical add réd)4) conmpotdntand timtcheumfer-
node of i npleatilferdeen bheinesolivesintowaiiie) qompopentsaandramwehentiabavt thi bit cagterThieaadiaheadhporieat
bit is used ditheinprmatiores. I'dal“g'e‘h??d:eaﬂm hisreoud & sinBkarf| at area 45 is
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ci r cunf er entYing in H\SL“P’ | g °°f“b? feri "' FP"!‘—’ F'@di"zm‘a?eéh‘t df'@(ﬁ‘iﬁ?’r'ﬁﬁ'et‘@a'a"*

e e Ty :
the Tormy rﬁg té; gﬁﬁ%ﬁt ‘ﬁ':e :‘9'““"?& 3"§§§¢ T%frrtr r:sz il

friction bet o
the rock. Thge ’a &‘ﬂUﬁ h a>£é pe" r&&%
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cutter fggce equation is the cuttr ng:foecpe,. sin(dfpha) that required to fracture
55\ the rock, g thé\arcGrrerentidl foroé &bts ot ngrh Bngled ithe Fhidial forééYof dacit Euitterit E6RIbe reRBlvéan
a cytter WealitoBdn%nenfﬁhr&hdthﬂbﬁrﬁ&rohmlhhﬁéfﬁlmﬁ bduations:e as descri bed above
and, in addition, [err] is the nmed. demH abaphd - 90 t he i nstant node of

I npl e- nenting the invention, the B genkioshelpim c8)stant [err] and [err]
are equalst o 3lt Bdobecappredatd that@bgaelr tuttercthere is[ngradjal comgorientrof . howevewhendhecvalue ofe d
enpi ri cal | y Fiagtedeh cutter jsepsoliadiinte campénensaplongithe{ anfl ¥ axen injFigre 7 with thgseapgidrs brihgsum-
the drill bimed therseanhesdote radial sempenantiefithe eifchmistential fonge. Jhe fatal Xeqnd Y sampanents of the
cutting for d@beiaseaiores s then opsaiped by syraingfhe eqmponegts from e ingividgel cuttars agfollows:

cunf erentlal force and sol ving both efuat’:rﬂn%F*-or [err] and [err]. In the
exanpl e thder nsi derat.i o ure 7, the val ue of

t he_gi rcunfere %'ﬁ‘l"’g W’%pﬁtﬂ"g’f“&?e‘g&' '%Y'g?jﬂh-ﬂ?? VRO gure 12, at each
cutter is calculated. As noted above, thaFledth of cut is a function 5 of

the rate of peRelurningagsintatheflowehartgf Figyred. Keanda sqeatlet tha-taplidentified I bex13)is parforfead
to the c QP Lhyagsolxiag the auftar farsesdpa plgfe_pempendiculay to the deilkhit axls infoaysinglg jnbalgacedoree 4s dpy; t
can cut on e?ﬂ“g:?qf' phove "tﬁféft‘"at' 'ﬁa"F"Pfcﬁ Momet ‘t“tf tet‘FPé° U’E‘F‘! gril Bitin By'a'maathj PéthéE‘@' axis
illu- stratéd an he
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rotational aaﬁug.d&aree vérﬁép o\éﬂ dfmeeutang%dagt.ﬁun p%aec@%dgagrsqgsr b@ dor 8 and
center and anhéprogHh torRIdRtRe drilt Bit dhdlcXibuldie dulting foRoed8 FaFEH withlcale 8 inthéassighealpBsitioh.
the torqd® rdgich@as id BpeaRiiptefuntwit thd ficeanéittéritdeh fepRitiosedihEdijesion WRBCEOnds & if-2,
I .e., that fordaseandipropbriyiddedllthe imbajancifortd) Thdprégranputinitely prdtiaces iadet obéooidinatewiieh.
I't i s hel pf udentifipapahipnfortiecuttifgfaceatpoitdr 8. hereafielr, cittérs Gliristahedevith tdmcheing takénaopoeition
force to redbécutting face theredfdrthd calcolated fdsition.nt 0 conponents along the X and Y
directions as ThefelowingTatileil provideg an eutiut geheratet after pacsthent ofruiter 8 Galsulated values mclude
arbitrarily théwshume ofxaut (velyree removediin oeg rayojufien) ang valngrtypfaeeph ierglihe pivearetary gpaeda
feature on thepetigtionratearpshown hejowshe tahia Wear Hatpreg is palquiaed Ifaknawin maprer fars.Chomps

in these di rRerentinpralancergthe imbalance fasesxrreseedag aperrentage r‘”ﬁgbtf°"tbhé""l?btsﬁwt°¢'6r%e
[err] can bdore@duuli®d i nto conponents al ong the X and Y axes by the

f ol | owi ngs equalNpteifguatipiedeye bepn changed ko vetoropfaoRy ent j al force acts at right
angles to the radial force for each cutter, it can be resolved Into
conponents in the X and Y directions with the fol I owi ng equations: [ERR] 25
It is to be appreciated that at each cutter, there is no radial conponent
of [err] however, when the value of [err] at each cutter is resolved into
conponents along the X and Y axes in Figyre 7 with those vectors being sum
med, there can be a total radial conponent of the circunferential force.
The total X and Y conponents of the inbalance force is then obtained by
summ ng the conponents fromthe individual cutters as follows: [ERR] After
such summ ng, the nmagnitude of the radial inbalance force is given by:
[err] Returningagai ntotheflow chartof Figure8, it can beseenthatthe step
|dent|f|ed |n box 130 |s perforned by resolvrng the cutter forces I n a
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sideration, there Is only one cutter, cutter 8, remaining to be nounted on
the drill bit body. An iterative proERg$84gaBbe used to cal cul ate the
position for cutter 8 which directs the inbal ance force towards the bearing
zone. 40 First, it can be seen that the cutter can be radially positioned
aboutt he Iongit d| nal, . ax E he cuttershudcw bhuadtbeie 114, and further
.can be installe sﬁ?“d%o?#&a t;h vary from-conpletely—seated, i.e., with

.the stud seing recei ved abutted agai nst the | ower end,of bpre 114, to sone

posi tion therealove. Z]{_ ¥ an arbitr y_backganggsmegrakenapcg)
vertical positi & &f t 1© t ng face, wthin prgselected rgnges, is
assigned to cutt& 8 and*t het programto nodel the drill bit and cal culate

cutting forces is rerun with cutter 8 in the assigned position. The program
i s repeat/®dIWheferun with the face of cutter 8 being repositioned in a
direction whigh tends to in- crease and properly direct the inbal ance
force. The pr%grargg,gh;ntmgeg%rmtgglmes a set of coordinates which identify
a position fo%the cutting face of cutter 8. Thereafter, cutter 8 is
nstal | ed_w th, car position the cuttlng face -thereof in the
caI cul at &% posil't [ ooﬁmpﬁhﬁgtg&@r&o‘vr&ahg' Tabl e | provides an output generated
after pl acemeft of cutter 8. Cal cul ated val ues include the volunme of cut
(vol une rem)ve‘a hr ?fe“?eé’\?ﬁ?"l?f'f’ "'and velocity of each cutter. The given
rotary speed er‘@} °Btf'f‘9 are shown bel owthe table. Warflatarea is
cal cul at ggl I E"sﬁo%rn in‘l:fheattiaa| %géfrau;ilgl, tlhlea ,P ? eneiequlxartrlbnasla J’tﬁedl setdhe
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the QGsnman, ekithin.prekdiied Borex(jassih the wsanplecinden eondiderationvethe brograd cartheaisedta detariine the
Appl i cant s vpesitonefimmesttobeteittadgn two drill bits. As shown in the attached
conput er 3Hut puMereoves Hemrogean isiiot negessaridinityd towuttefsef the type haying etudssextahdings herefrom
Appl i,cant s ushichfarereceived oeoreohpdnlbhrt body. Theegagie progeamiean bawsged to pdsition jcutigrs whichjateh
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manuf act ur e afuch heratite sthps nigy headitd the téker tolensure that tisauardify olimbélance folwe isragceptable and
instal | ed widiracteddh the propdrjocgiion Suchritartiveatobs ran ingluderbpiscement sempval awl redrangiegsaf tuton
of the cutt dersforchieve theriepited fesulis, when t he pos- 35 ition of the bal ancing
cutter or cutt &eammeciglyavaishe ROE dilAk wep soleeipbhecquse i hess vory imbalanestdesigr end drills
force, greatPoed '@ %’%H'P that "t'%ﬂ?@fri’e'tf%mg'l?e HG‘S'PE "PU?Pet“ﬂ‘ﬁ’e-ftﬂ"Pﬁ.ﬂ'"ﬁﬁ q9rif pits of the ggmeanan+ o
obtain the dasures '!ﬂsfze werR fpsted gnd igylarly e primary causejofthe paqepsrfarsnance

I nstall ati odseret?h'b tchﬁ‘ﬁ‘ tf"’t “6\* t°c‘U }“ Q?H%P"'? %ﬂ“%(t‘t 'U@Td festLhe present
tol erances t! Eﬂ°§'af¥ Zoney 's re-
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manuf act ur e i keely mrl bor %efrh st e
greatly incrgy eQMﬁJ bi Frowﬁ’dé%é\‘&’@‘el%[:ﬂh Mtn@fsurﬂbé TatfEr{he é‘&hirlé éenEv%ﬁ%ﬁ
dance with prior art methods. Further, the present invention can easily
used to nodify an existing drill bit to jnclude the defined bear- i ng zone
in a proper location. This nodification can be acconplished by determ ning
the direction of the im bal ance force, as described above, and then
elimnation cutters on an area where the inbalance force is di- 45 rected
towards. The renoved cutters can be replaced with a built-up pad, a
plurality of studs or pads. Anunber of such Iterative steps nay need to be
taken to ensure that the quantlty of |rrbal ance force |s accept abI e and
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ters to achieve the desired results. A commercially-available PDC drill bit
was sel ected because it has a very inbal anced design and drills 50 poorly.
To ensure that this poor performance was not representative, three e .
different drill bits of the same man- ufacturer, nodel and size were tested
and all perfornmed simlarly. The primary cause of t he poor performance is
due to bit whirl, which causes the d&piddssbsgmt o drill a | obed bottom hol e
pattern. In order to test the present invention, one of the selected PDC
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Li mest one tedigh vilifatoneFigute| 22 shows@rcomparingn df thevidibhit in Relomitecat 120 RPM heforenand aftérdhe
act ual i ndilewfrielipni hegringizpre wis ffdrined; The penetrationiritien rals ignabad thersagie foybatieondiions, but
and shodf d gsieg the tirsifestsywithy ag romevsd gutipesh#3 qui ¢f 42 cufiges wegerehippadCThasq qhipped quitep@ay
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age Li nmest onrdebtartive whithgf act that the rock flourcould only be seen on the
buttons on t hevhategsthepresedt iveatichlhas Bre dudzfitd incemnoado the BlaWiags dttached Rérets, itsheud

t he proper beamddrstan tiahothédrendiirthervasdifications; et flomithaseidHown orisegyestad heteln, ipayde imelde

25 the | ovwifhin tb¢ scope df tmrpresent ingendion, Resutforth in thmaccerpagyingdaimaned with t he PDC
drill bi4¢ before and after the cutters were renoved is not as easy to
quantify because normal performance tests could not be run with the drill

bit in its ©@lminal condition because of high vibrations. Figure 22 shows a
conmparison of the drill bit in Dolomnite at 120 RPM before and after the | ow .
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tests were 00 snat}%.&ﬁmd%ﬁb.twg% {88 hn b {HR gl Fomeh o
tests, the | Ovvo Jd' Lrlea@ & el EhbAISHEE foRR MU thd RiliRg a&@aatdevraa.muamé fsrbevecw
penetration r adpBroxitiktbly bérp&ﬂﬁlﬁ"tmh?é idhiEhdRA bl aXl€ irf tBatiiubstdntialty 38ntinuous cultbrGidvaRi
24 shows a COrtegién iS@sbosd oh 8 f4R6 P& tidnahd galigd sthrtdn @btubd pléd forihed]ty s IdRgRddinkibh atidh e
drill bit after the low friction bearing zone was formed conpared to the
performance at 60 RPM before it was forned. Initially the rpmwas |[imted
to 60 RPM because of the high vi brations but afterthe bltvvas nodi fi ed 1050
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45 Clainms 1. A subterranean drill bit operable with a rotational drive
source for drilling in subterranean Epaxrashess Biat e- 50 rials to create a
borehol e having a borehole wall, the drill bit (10) conprising a drill bit
body (12) hang yagking zS1add reReY th h&l@wfnl::f‘o}: b ShRaRFyeBfat or thisdRNEH shitsthviiak raltiythigh

axis (42) f @fetigneceiving the rotati onal drive source, a gauge portion

di sposed aboutit i k8t befufigihlitd HeNigWthe pbirfbrnitiiéeor hB FDE YrllBIf Befddgithb bultns WHr@ rémtddéitin order
portion, sanco évalidéthe Pénefit oPldmoNirgRIRSatorsd Ry BottdrhiFold patiéthd sholkdaalnirlidg tFigares 36 avacl7
ext endi ng f rshdw tiyfieal plots!GFeheDbirdtiomanthat bétare ihitiGIriD bibat 120 Rigwland dillingitkrbugh Canliage
cutting el endrebteneahd PolbmitecEigure 1h evgroshows thdt tiserRDCIriD bibwtiiried gt 180INAIOBa@NE $20RPM.
portion and 5B5Afterremodrguilipsselocted cuters tadefing p heagitlg fonelkvatadavhern tielivabalanadartes weretdl- ng
el ement bei megted taiatds,dheediil bibwasaeran s Carihage pimesienegadoionite pt qonditioasidénticsl ta thetpee-
the | ongi udionetpstysieforaramaying eutars Rottem holapgtiaras forthetCarthage timestone gndldaiamitn tests were
posi - ti onedxtegelypmgpthe The Geethage himestpneinpip wesnemeletely gagaandthe Q‘?Q"!WSGF'Y 1/1§imgqer
e e
the longitu

region i s didk Bﬂﬁt%ﬁ%@d% di'"b'ﬂ‘"ﬁﬁ 8"’%"6‘?@& Fh“déh"que?ﬁ%'dea

formed by tH ER .0 334 734 ne is
referred to q{'fﬂn wa?ﬁ} Iﬁ%?ﬁur drive T&% rof tlongfs e sﬁbe%?e o £9 Ere'-
5“}' provi ‘f}’ et ﬁ#ﬁ%ﬁo‘ﬁ aﬁtﬂﬁ .
erf ormance

Itoo eval ugt e:Jt d" 51;,”9,, mvr ng the cut toglr“s?wﬁfﬁﬂwg o@erg%lﬁﬁ\él e patterﬁgs-

showed whi r i Ngoek ﬁwa WhSloweR up Bfrodnfied Elidtiielwér Kifidns BlaBidwhére tie tatdrd Wérélfeim@ita on
tha{ occur r gkb Hiwretidniurfadel Mére ﬂHuF acoimulatdd dptRlytrRDAIoRlltd tht {sBEbr FoBK) EHAR Buringithb bargie

Li meSt one alage Linéstinb fest. ThEFagihidbthd fclEbbrto@iieniEbe bébabn thB Buttohon thelateh wheré thebitters ed
at 1800 | b WeR remisbed fihdriniHcaté) that Eherpiopenidécaipnioh the dit weLdectedioi dultér seniogal thfravide a
beari ng zonehd loetittied beding 22nd.Ne | nbal ance forces were di- rected towards,

the drill bit Renetratigrrates dbtaingdwittithgBDQ drithbi baforearsiatieriDivs cotters werexemoved idinbtiag pasy

i denti cal t doquastifyhecauseii@rmal pesfopmanesdests could ant ke rowithherdgil kitin its eriginal cBolitiop bachuse e
patterns f orof highvikmtipnshEiguse 22 shows axemparisen ahtfiediil bitdn Pelamits af 12p RPM bpioteippd gfter the
snmoot h. The "E@Fﬁﬁﬂﬁfa 'Eii ?PE% v fermad| The paastration istien rate i the saiep frRethrganditions, put
was onl y3/ I’B"ﬂgrﬁ"e f %ﬁ'} E"e l‘ﬂ‘@"ﬁ? %?f\ﬂ;g We@m& ipreg Thege chipped gyiters gy

hoke, pat t er A TERsdingre eren Fa e ‘r’?ﬂhf"gﬁ igy" rond

t hat rreasur e thg ROP v
Ipe ﬁu ltcer my u??gih

bet ween t he é’etthcff’

i d

?"“ﬂé%‘e

|Qaded ags P s.a com d 1080 m‘l’h%ﬁy?arﬁ Psttel Yi&ow
life. The sg Eg srfoﬁn nu; 6B Rl bb ;ﬁ& } <) ntaly the
rotational m tc%o?%PIVI Qca %to? ortsShut HaM ARSIt whE'Ro lobuld easily
pattern in Un\REE the'vIBREAAS Wore R Wﬁmhstﬁmywek%:mm bbfa.guﬂamrbﬁw&n@rﬁﬁa

Figure 20 sh@ygonibihation oPight ROH and RivAibFaBSra bEtEHed Hith tRC:rddaf Fdifieasstibbit dainbisirate thé
shows t hgy Mygiantialsl tHaqrbsiiit BEndépk 8 e Wéting\fof Srbvidinge véiyidctepfablé high épaéd diif BEMhBIhIbIE E
cutt{ers. Furmblagstructivé@hifieg.ehol e was only 1/8 in. over gauge and there was

abso- 20 | ut eWyerssd tiepretem @wentibn hall bédn dpsthiiedlinvelation@ctiie rawings ateched Heeate il shopld by
rounded car lbedaderstoad thitotherand fupther sedificatinns, @pdrt femthesé shoen ansuggested hvervie,.anag be rmdve

"l ow fricti ovithingherstepeof thd/resenfitvention,as sef forth it tbelacdempamyingtchimsDol onmi t e t est
(softer #ock) than during the Carth- age Linmestone test. The fact that the
rockfl ourcould only be seen on the buttons on the area where the cutters
wer e renmoved®ldmst her i ndi cat es that the proper Iocatlon on the bit was
selected for cutter renoval rovr de 25 t|o bear n zon

Penet r at i_on r af®@ubtesranegn E'b"'ﬂ{@?? a
cuiers e ST qngﬁ ?3 ,%f;re%r.; g%m.:ﬁ
epo s se%gb t ISL .

of high vi br at i3 rﬂ é‘e,bgemgpm_
Dol om te at 12¢, t;Q ﬁﬁbda enfs | 1?} dly 9 dng'amjegtﬁé %ew%oﬁﬁﬁtﬁand
formed. Fhe pefjgie b SeblobdHba! d g | nmrnem PsiticHal & BRI GH 4 praes
but 30 during gbidgal b d-&ﬁ‘aﬂo&hé Mﬁgﬁtﬁhid&pbutra&lgwﬁ &H&J-ﬁih‘a tha&tﬁg%leﬁianté&e posi-
CULLErs Were Chbfdefireatsitiiotradil linfbarRRceGod duFify tEYHlliRgalehgat8ithdid finbkiEince foredbéstd
ROP on subsequepirodntitdySperpehditulatto Slitauvigitidivel bit@sis; n that aGabstdntelj cdntiniost oot dévoidt
I n- di cat e t he rdgidRisiisposBdidhthdracpordibn ahbl haude poriipn @boubediane @rrhdiidy the vongitudiod! bitaxis
beari ng zone was forned, but the original, tests were conducted before the
cutters were chipped in Dolomte. By these tests, the low friction bearing

zone may not have greatly inproved the penetration rate, but 1t certainly

did nothing to hurt it. 35 Figure 24 shows a co '
penetration rate obtained at 1050 RPMwith the drill Tﬂ“lmmr Im m“l/v

friction bearing zone was formed conpared to the performance at 60 RPM
before it was formed. In|t|aIIy the rpmwvas Ilmted to 60 RPM because of
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within the scope of the present invention, as set forth in the acconpanying
clains. 45 Cains 1. A subterranean ERG384#734B1 operable with a rotati onal
drive source for drilling in subterranean earthen mate 50 rials to

crieate a bor ehghdthdyyiaiigl irbaldfdeddtod vacttrddnl in thdl 8t 1646t ohé suBsthntially ShodtPBERFIgSbidd203

drill bit body:s(dfki’asedramagmadesm&omﬁttuamaﬁalféacoﬁmmﬁesbrs’nhewau diring the drilling.
| ongitudinal bit axis (42) for receiving the rotational drive source, a

gauge powrti @n Aasuhtrorenedn diilbibaccerting th Claigi 1 whereindhe rigl radial iribglanpa fhroe et kersdin ntjhéradiah
t he shank por t Festponentsef the horemel fesesrang 9@“@?@%@@0 febengh cuttisg elpmendyi t udi nal bi t

ol ural 1ty o Qe r:%ggﬂ&e*f%"%%gﬁ 3 BTl B A o B g

the face portion an gauge portion and spaced from one anot her,

each cut 4 ng@, ehguBeitand dMCbitaedvhding @G ofhélof CRINAL1R0 8, WhérelR kit bBar§ Béie o) &mprises

per pendi cul ar  hQedsttRe bubghtianiimdsth whdriresistahtsliding baFfate UBpdsétsh the galigeiortiohle
cutting elenents are posi- tioned to create a net radial inbalance force

during the @& i Asubtegrangan i hit aprording sedtlaiin 4 wheeeind hecslidingsurfece\compriges weptroafiog (B2). el y
perpendi cul ar to the |ongitudinal Bbit in that subst anti al |
ontnuotts But Paieagesh Bl greariing o Sam f Shithin o sl s Bearomatept daron oo a4
portion aboy! @ .ihéiResh ARG i R oS

734 Bl and the ﬁet rae aﬁmnggfag%%?%@?g@e\%g‘é%dlméu |n %é?sdéatnﬁ de%g%ég)ne
subst anti al lay asubtdriandaadrili bitgccoriing to 20 dnei of Clelims |3 &S @herein thia elidiby bdrface il eAsolificlent
regi on apout t efaps aeecsofticat axthd giding sugfadelicforloat sghiodt the\harkholeduall during thedrillthgj thé apRg.
51 2. A subt elied fonceewill tebriess thah tite compressive stepngth oGhesusutfacevhalerial formiirgghetwrenole
rad( al inbal anwelforce Is the sum of the radial corrponents of the nor mal

forcé and circ rrferent forcefor a cut|
subt er r aneat d |:°"I‘ t°" g &"ﬁ‘l‘g “E\f “E(Z%WB‘P‘?P?Pt 958t aﬁ?ﬂ‘f’l'q' ng
el enents2sare p ‘? 5 "(E'Ei ng e rollpr to foll agfpss the barahole wa| dyring
bit according " one of CI aims 1 to 3, wherein the bearing zone (20)
conpri ses atyq) ﬂaﬁtho@mnam@s bbb dar¥ah HrilbivBsUrdble WA a vétatidhead HrivB bourdeifd? ldRfhg W 4ubRL €
di sposed on t hangdneghep@ateriféito cloate & bérebletalimy ErbRen6l6 Wi, th il bt (OPsofhpiiihg! £drill

Cl ai m 4, wher ebinbddir @25aviflg aighafidpoftio Q4 dNpbIel St aVomftudinaktitiakig) (42)3erreceiling the ro- A
subterr aﬁ’ean d eatibrial dvivé scarce G ghugeOpoktipn dispdsed dhoutvtiecloRitudiniahist «xis iatkd edpndibg kacthe
coRpyi ses di anshegk pantiony dnd a (ael partion disposed dbbetthedongidinalbit ktis dnid bxtengiing fratn thg géuge

Cl ai m 4, wher e pertisnheplarhlityiof owting glefnente(18)dingsiy diseesed| orcand nedjegting frong thé Jace portion, and
subt er r anean dsidcéd fisimonednothecieast cutting alamentbringppsitiohed teotate in epighe gerertiv-nerpendice

sl i di ng gur f acdlattathefongiiyfing! bi axis; thepethod being chatagiedsed bythe sieps of rigposing theputting ele-

sl i di ng sur f ac@entstofceaatedmetradial inbelancy @rw#mé!-eednmm glong @ netyigsiial imbalance forge yegtor
the ap- plied Pepredmaigyperogdicuigrdathe l?asM mb'taes v'eam’ ?f weﬂveﬂvn@he &ﬂ"
subsurf ace mat B‘F?“&Ya“ﬁﬁ‘f“i'mﬁ "‘?'FFE“EFB'F °é'° gﬂ“ﬁ?ﬂ"?’!‘e
according to %ﬁ%a
cylin- 2% °' are .}e:a °|nt e Xe o nt p 'ia"“
per tlng the g‘::al cﬁ)s sm o nuff %% :;gﬁ aznOFL )
10. A met hod OE E\fia ity wifh .t lan nmb. Jia'
drive source fggp E@ ngmé a.b& mogtﬁ‘msﬁﬁﬁ sfnlt ttdrQevold

bor ehol e havi neheaa laBout@e Iane ﬁld?gobﬁméﬂhéthéb%%oﬁmﬁﬁ@{Hagnllma thS re rhd. Qi t
body (12¥ havi fgbamncefirdeWedis? béing@rbuffibidnt megritida St bsdafidiy mainthiR the bildinglsur@ée idhdohtact

axis (42) for weethevorsidielwal dirfg thediimngnal drive source, a gauge portion
di sposed about the |ongitudinal bit axis and extendi ng fromthe shank

portion, andlaAmathed fmekingsrsublersaneansdil bitseprdingtieClaio | 6 wherdin theinetisadial imkalanceferpe
extending fr omSttwéugaﬂwa%mpewmaﬂpﬁ nefrea! foma@fclwu!emnmjfosp @m’e @mmeyment

et S BARRE BGHA NE enl 10
one anot her, f? ar'?)‘{d
gﬁl 'tb ;i iiqgt e cutth f %'L ar e eas aI S e mat E‘: ! g‘&%lﬂts

general ly perp

characteri sed y di'sposi e cuttlng el e- nments to create a
net radig i18p Nm’iﬂﬁ@atfc&ﬂiﬁ@to du.rm ﬂ&:rthbﬂndﬂfdinb the Bigp G¥cANfhtinY therake angle ofthe diittind sanc e
force vector apé cpeachrdutiihgeldhdniueing said Bpatial doordinéites. | ongi t udi nal bit axis by
generating a nodel of the geonetry of the drill bit body and cuttin

el enents, cdfic Aimsthosgcoerding taflaim tidarther inglgiag tha stap ¢f @PW’W@W‘G’@P‘?‘W patasiforn g
paramet ers; usPRR) cHitieg syeface by dntespolating betwase therspatialcogrdigatpmdptarmined onfaid, sutipg.sle-

changes in the position of at |east one _&uttl ng 40 el enent whi ch when

the cutting elenent is nmounted on the face portion would create a net

| ntbal ance force along a net radial inbal anceforcevector an

cutters on the face portion in the positions so cal cuI at edﬂlWHMﬂﬂHﬂﬂmm
substantially continuous cutter devoid region on the face portd on amd §auge

portion about a plane forned by the |ongitudinal bit axis and the net
radlal |nbalance force vector; and di sposing at |east one substantially



50. 2. A'nmet hod according to Claim10 or 11 wherein the step of generating
a nodel of the geonetry of the bit ERDEsansSBIULtI Ng el enents conprises the
step of determ ning the spatial coordinates of a plurality of points on
said bit body @eglson each of the cutting el ements. 55 13. Anmet hod
according to aim12 further including the step of calculating the rake
angl e of t hd5c Amethod acconding fozapie of dllaimasa o t4vhierairgeaett f said tutting ielenyerdaincudspa tutting
coor di natses. 14urfage andwherein the etep oficaigylating th wet imbalgnce {prceunder a presaledied bit rotation site p
of generating aengiratipmmieiand regk strangti; cemndbesahestept o each cutting surface by

i nt er pol ati ng bet wealaylatingdhesplative aesitiorsf the autting surRsesonitheruingglementsy cut ti ng
ele- 12 EP Q 3ggelcpiatingiihe fereagacting gmeachouting plgmensforhe erpﬁﬂyc%b'femﬁyﬁoafat@m
10 to 14 wher efion ragand ok senathi 81dt t i ng el enents i ncludes a cutting

surface #hd wher ej FHMMg tgﬁ'@‘fﬂ“‘%é‘f“&%‘?"e?@?‘?ﬂ“‘[‘%ﬂ°’??é‘f‘° F’ﬂﬁ'&'“&ﬁ'@ém'?"('ﬂneeef““%nder

a presel ect §§, RiretHo@ h@briRgto'chif? 10 R RlidgtAlkedpgbe and rock strength,
conprises the stepgesfihg & Hlinﬂatnénﬂ'ﬂIJO nd Ly@ieh‘éfﬁhil?ﬁﬁibﬁéaﬂ%ﬁb it dftaifddl 11 NG
surfaces on the CUldurBing kHaBBsHiiRatesCHR b Bidtaftl lofShints G sa bl Bsdyahd br\Ehck bf théGifRers
cutting gl eMenolitdd thdiédonPr €sel ected bit rotation rate, penetra- tion rate
and rockstrength; stérng thbQoordinates so determbediiian@mboiye radi al forces acting on
each cutting el enegdiculating@itipositith BFeath tottihg Suffhoe Relativd t0the Rngithinal dkisBrth bitbody using
accordi ng to Chimistoreti@oodinaled; | ncl udi ng the steps of.- defining a

t hree- di mensi onal camlatifigiietfarces\asting lon sach b the cutters inownteid dn &ild bittbodjybasesl on the calcu-
cont ai negy det kation ofiegel cutling surfeoe phsitier fersiefiried drillirig parathetery; of points on said bit
body y and on each ofesqiving the redial cujterifgrce componenty intecasingledadiabimbalance foraay t he

coo( djnates so det singithfcipbalance forpe taaleulate shecagprdinates of ateastens jadditonal gptting surface
cut tTng sur f ac Whiphsif Rreseqtavopld crepte.a nel imbalangeiforen dirastdlowsrdsit 'F?é’eﬂ’l"ﬂs‘!!@@a%l ng the
st ored coor di nat es™oYeHEA) P‘é"(‘tg@m{“ﬁ’é’"f'ﬁrblf body ina opfiipn which-pliaces the cytting syrface t@?’SPf

nmount ed em sai & B?WWB&?S%’&@ %h the cal cu- 20 | ati on of each cutting
surface posigti Ahefrdh ad&ifihd'®Sidilh 1d drHer ,. resolving the radial
cutter force compoggh oo it O a0t e ol bl by

i mbal ance force toygiglthetrial @ chi t&tﬂ@F&iltl&%f%@ch%mn%tsuﬂfé%@&iatﬂ’t@uﬁMbnﬁ:&uﬁaﬁéhs of
cutting surfaca,emb&ig I f present would create a net inbalance force

di rect ed® owar ds t jreseleehg vilges o sdiekRa drilthg Paraimsters Which déefrestntaiive BFthe Goridifions uPn
the_bit body i Beravhiopthedtilbit wiibe @kedp| aces the cutting surface thereof 25

at the coordi nat esusing theduiting surfack poditions Andeésalactedvaiues ©icalguldtefofcbiaciingldh eath df 1
I ncl udi ng the fteepBrsoficuntedoresmldibitodgn array of spatial coordi nates
representati ve of reedhvingttisoradial céneporentsa the forees sd dalgulited into @dipgle tadialrimbalanes fance; ay
to cal cul'at e the plosdting awtheplfit bodwrn arpa whére thegadiel imbalance force js\directag towaeds; and

| ongi t udi nal axi S BF'OYimut!ﬁfof%wafe%deﬁnefhewm’“"p‘#@ﬁi@l‘ ecti ng val ues for

selected drilli whi ond tions
Hé {;%I ‘57‘: ggn% ﬁ Y re; le
gﬁél m”e(s:zj tecte '"es ues o ca cuiaé!i o%thﬁé’:c °l'j'§g3 ea:%‘ﬁg&z% 'ﬁgﬁé Fer sg

mouQt ed on sai b| gak}ag 'thd gandiaiig Mdleestaa F 2di al corrponents of the forces SO
calculated into a g @ﬁ,ﬁdfoﬁml ance force; l|locating on the bit body
an area where the radla |rrba ance force is directed towards; and renoving
cutters frornt Amethodeccordingte Claimel 7ioims8 wherbih tie sthp ofisiog thegray mcaI&JBate thapdsitiortbf each
accordi n t o Ceutingisdriaceveiatiei tythe bitbogly egmpides theistegs ¢fhe cutting surface

posi tions and pr esedlaulatingdhacuiters cuting surfdce baclutake; e f or ces acting on each of
the cutters nount eepleylgtingiheuliar's cylling purfasepide rakes t he step 40 of :

calculating the penetrating forces; and calculating the cutting forces. 19.
‘Arret hod gccording tg Claim17 or . 18 wherein the step of usingthe array to
cal cul ate tﬁé“ﬂf?é‘??’“ﬁh‘of each 45 cuttl ng surface relative to the bit

.body conpri ses thﬁfs\%erpsgmgl I%UJIQ?'[I ne ﬁé tg'r sas@uttl surf cl:"redlsg'%csk

‘rake; and c rcg elﬁe’g ower .-|o herz é\ Bongrong

~Pat ent ansprruc

Or ehant rigebsquETE: ‘ﬁ e e e % .h et
. e |e n ’
oy o s o ol o E@%@s L o o
korper (12), dg&uahden %ﬁr‘ﬂﬂ&h&ﬁb@@m}f &ufweitt Qobdi ﬁ@v vo?:'@ﬁﬂﬁh Qrﬁ‘én?eﬁ (‘ﬁi dsbifeh!
(14) zurAufn ah BiRd, di8 an &dnfBtirnflachenabschnitt und am Kalibrierabschnitt fest angeordnet und davon Gberstehend
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c5 "antriebsquelle, einen urn die Bohrerllngsachse angeordneten und
von dem Schaftteil ausgehenden Ka- |EP38&y¥BIchnitt und einemurn die
Bohrerl | ngsachse angeordneten und von dem Kal i bri erabschnitt aus- gehenden
Sti r nf | i chenabmsAnsiahd vordifarir SfestigdGiRE lindWob?jedés StrnBitéiendntso DEsRIBRAAEIS QARBLY Sifer
(18) vor geseheimn wesaliichéh 20r BoRreflirgsathdelsBiklebhtBCELRRSONEM, t t UNd am

Kal i bri er abschni t t dddarsh gekerpesichaiet und davon Cberstehend 13 11111111 11111
11111 1% 111111 *daB di@ Schrieidelervénte sB positioniert &fitdl, SaRIBlirenBibs Bdtitvarganigssina Neltto-Radial-
vonei nander bebagidichgawichiskraft entidng\eitesi 2ueBaheeri@ngsanbseisindresndt seakresbien NetiprRagial-Un-

i st, dal es i ngleichgewiclitskrafimeltorstdrzeugtoMrd.zur Bohr er| angsachse senkrechten Ebene
rotiert, dadurch gdaleinimwesentlichendughgingiger schneidenigser Berejphautsiem $tintitchengbsshnitt und
posi tioni ert spRAialibderebsghgitumypine hae 'W'@g'e:g fh digi Bebrengngsaghsrany dep Netto-Radial-
Ungl ei chfew chPW@FQW'@H?@hgb!qeﬁégb%P“ 'r‘%ﬁ an sachse annaher nd

senkr echt en Nett o- ¥34dpSim

'blgfg%% atta 99'%’?"&' (2% urg
sin i mwesent| F'B%%?ﬂ‘%?ﬂ‘&’ﬁ%ﬁ'g qRLPodens ﬂ%%@"ﬁ%’l”%’] 'EQ'

Stirnfl achegabgghgbdetnadiiids 'ﬁlfd Qrie‘ﬁre bRUdde i'l&mh%w ulnﬂﬁla@&rR%&:& m-
el ner dupch di n@ﬁt\f W@ﬁﬁ%ﬁ U Uthen ﬁ&twk'ﬁilin%%&h ldelemnteslst. .

Ungl ei chgevm ch svektor gebi | deten Ebene angeordnet ist, und dal3 Im
schnei denl o$enBdekraiethachAnsmiachtieder 2owobeildiv smmwhemémhylanmé BiamantpaeRiilge siad.c h

(20) urn die Ebene angeordnet ist, umwahrend des Bohrens di e Bohrl ochwand
Zu beri hren#% ZBohrmmqw{@mﬁampsgs\ﬁ@Eﬂ hie B, wobel denl.agerbereich (20) mindestens eine im wesent-
Net t o- Raghi al - UMPLSIRNgERFaRiest. im Keibrarabsetyiispoegrpete-Gigioheriiese umfakt.

p enten derg r del enent e
T3, " nonfic SER s arha Lo AR flche G o AR AR |

pol y rI st al lgj nBolacmélmneﬁrﬁdhlmg@eme*ciemﬂerﬂacﬁodxadﬁmeam agfweietm der
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