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BIT WTH MACH NED CUTTI NG STRUCTURE AND METHOD TECHNI CAL FI ELD OF THE

| NVENTI ON Thi s invention relates generally to rotary cone drill bits and,
nore partiwQle®dlid to a rotary cone drill bit having at | eaRET/UBW/ISUSt er
cone assenbly with a 5 nmachined cutting structure and nethod of form ng the
cutting structure. WO 001 03114 10 JANUARY 2003 PCT/ US99115765
BACKGROUND OF THE | NVENTION A wi de variety of rotary cone drill bits are
used for drilling earth boreholes for the exploration and production of oi
and gas and for mning operations. 5 Such drill bits often enploy multiple
rolling cutter cone assenblies, also known as rotary cutter cone
assenblies. The cutter cone assenblies are typically nounted on respective
spindles or journals that extend downwardly and inwardly relative to an
axi s extending through an 10 associated bit body so that conical surfaces
of the cutter cone assenblies tend to roll on the bottomof a borehole in

contact with the adj aceROPTARYt RONEr PR{IILEN BIFtWEFH cMACHINEBR | i es general |y
have circunferential rows thyfih@dteebbuRE ARBEMESTHOD SCrape, cut and/or

TECHNICAL FIELD OF THE INVENTION
This invention relates generally to rotary cone
drill bits and, more particularly, to a rotary cone drill
bit having at least one cutter cone assembly with a
5 machined cutting structure and method of forming the

cutting structure.
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15 gouge the formation at the bottom of the borehol e. For mOngANUARY R00R a
generally sonically shaped forging by mlling is often a relatively

expensi ve i consunm ng process. Miltiple mlling steps ntly

r equi red“fcb&l{“g‘flrﬁ each tooth of a typical mlled teeth cut t[iaC;ngugz(’Bﬁg#r?uctur e.
MIlled teeth on conventional cone assenblies tend to wear in those areas
that engage the_hottom and sjde wall o a borehole during drilling

operations. # et a general ly pyram dal configuration

with a 25 trapezopdelider e»sﬁ-i i xdendi dind rem 1 henad effdrusad face of
t he associ at ed cgtf_t, I, .cone as eg;roold%/. The generally pyram dal configuration
is formed duFPhg®Fir Ling ﬁ?d:%b shates .%v‘F% R IoaEn andict ur al
support wi t hpaghaeeRbnP @l idis 4Hd (s aesdCf & afli fihd BSpedh CUis assenbl y.
As a result of slanted surfaces associated wth the generally pyram dal,

mi | | edSt eet hSHFPI dgédedr RUSF IRFCSHE SR DI Tt t 1pben ¥@} i reutdyess i amend
wear during ggiskhhbng e@nerAtdd Neowd £5 Srdehiy | pad e Wek SHYE A%%ﬂﬂ'f&d to the
associated rotary cone drill 35 bit, the penetration rate w general ly
decrease as The Zutter FRUSARESRIUD A5 70301 FET1 YSIBINGBTE S Mmr ea of
contact increases Wit e RetdHm,0f5 fuheseholga ¢ espl LA dunan Adg, wear of
mlled teeth having a generally pyramdal configuration. The service life
of a rotary ésfleigwardlyl reafief 52 A1 @xEHnRXEeRENRY | tRrRath aespect i ve
m | | edot eet ngUubiiing o3 G WaSy B digad SoYesh byufbgcégd%f |, Of abrasion
and wear resistant materials to selected wear areas of each tooth. The

addi tion of g¥t&sFoRORRd agRaMhles?ttand nee e¥ohl sorothe | betterath 4 s

somet | s 1 eLBreati1t0 i AhcdA UAN he ddj 20t LAELNI ARIAEALD)
abrasion and wear resistant material is applied to the teeth to provide not
only a wear Futiterasornsyrdsgembbiesdirrexdbly ahavatcihtohfesential | ed tooth
is worn off, les Q. st i i tEin S t th wear.
15 Exanpl es o U’?So?)éfr &lclgr%@ﬁ%mbﬁglﬁiéf%% {':Jﬁt?%? %he&g%s%?r%}lcﬁgs W th
respedbi ve nigbluge tdwt faxmat ien sat ucherketzem gfiowheiboxel®leat ent -

5,579, 856 entd gG%%ee rf.ac g%ge d e h g}@j_
Structure an?‘?&“g?l Pat en';?ijzc?lgé, 6 %%WI%@&%“’Z%&‘%J ux%:%%d}ﬁ |1
bits may sometiilddaidd g effirerd txekatively| expenaiveyitimgiconsuning | | ed
tooth" drill hHifsedCONYRNEL & o as ' ' ' C&,gzpr geth
often includ r?u tsls;c):loe rows o te%%%%?s%gés:%d %ﬁgt)ﬁgg?%gs%%g%% con% cal
surfaces. Sué¢le Fermereatthet@otiseend| F¥Rlcahemhil edeteath ecupuingears or
bevel ,gears ‘@tyﬁd ngerlocking or interneshing teeth. Variations of these
patterns include skewmng the teeth simlar to that of a spiral bevel gear,
or even an al tern#tiiliedkesetly orodomeent henal ngbnacasstémbliepntetdrto
accept ed vergjon. 3 Qi fedrildadithds éﬂ?égéegﬁéF’gSQt&’nr%H&f &i&é‘td’ﬂil di sc
having a resulting appearance of teeth arigned end to end around the
periphery of athe gsmﬁh‘calesddtenm@rdtbhblags@mrymens- Milled teeth

typically have a generally pyramidal configuration with a

25 trapezoidal cross-section extending from the exterior
surface of the associated cutter cone assembly. The
generally pyramidal configuration is formed during the
milling operation to provide sufficient structural
support with adjacent portions of the associated cutter

30 cone assembly. As a result of slanted surfaces
associated with the generally pyramidal, milled teeth
will generally become more blunt from abrasion, erosion
and wear during drilling operations. Unless additional
weight is applied to the associated rotary cone drill

35 bit, the penetration rate will generally decrease as the



10 JANUARY 2003 WD 00/ 03114 PCT/ US99/ 15765 I n. accordan&ﬁ%&% t,ﬁ hi ngs of
the present invention, disadvantages and probl ens assot ] &%revious
rotary cone bits having nultiple cutter cone 5 assenblies with mlled teeth
cutting 3QOwWelites have been substantially reduced or eli MGTANY151Ghe
aspect of the present invention includes providing a rotary cone drill bit
having at |east one cutter cone assenbly with a machined cutting structure
formed by a aega Rf ofonhapt increarssanwdtbr theubgetomt sf ahbodeholed

~ machi ned cut}+$@ §£ﬁ§ FB gﬁg anknbggEghhgdfgrggﬂ ﬁgvgﬂ%?églggngr casting

have a genera con rguration assocrate
assenbl i es. q&mgnmblnperea@deh coh§iguchicied.cutting structure 15 may be

descri bed as a s S e b n I husoi da

confi gurati on. Egﬁﬁgc8§?353§e39§%bgﬁr§f39g§¥§nex?en§§ g?r%bﬁfé?@ﬁ??aliy

arouncb t he cowt et sonéaessembémeaswmtharedpeatﬁee ndddedsseabhy. The

corrugat ed e e.,.as I re. spaced,a.20 sel ected

di st ance fr§§1§%g J gﬁ F%£§%o§$ eb§n§ﬁ§?8¥ﬁ§sﬁyn8g8ragaéEFQBpPﬁg

relatlonshlpahtahlonraadpwadrngesmstagatmdtwaﬁal%oubdsemeadkaceahrcutter

cone assenblies. Dependi an t.ed .down oI I 11ng.,conditions,

t he nachlnedaE%??lﬂ ??F CFBBEH & %gdﬁg&PntP aft Eaﬁﬂ°eoégpeﬁeﬁfth a

| ayer of harﬂéarsﬂgnﬂamateaham5|ng mﬁéieﬂthﬁea%aubabbmeteﬁbalQéﬁéraed

mat erj al s or a fp urgftechnlqueg and, materials devel g ed fo rotary cone
5 3 5

drill*%its. SnoPRERTESAPEcat i O, %t RETHEENIAE CREERRIC%0 ? FEEt8Pe nmay
be descrlbedaﬁd aeaerre31etanntaatapuad dsbappdiedd tby thut tegghotomachi ni ng

|l t ated_web di I tti I t
xtandi ng | GROLHRSCHRE: PIYSRr FARE. GF oA SAboEl A aAS £P SPAUsRe EHESenbl y.

The i nt erruptedewebswhich5eaghhmilleer tootd dssemithy offid baspatkbveo
| ndi vi dual maintain sharper cutting edges as the teeth wear.

15 Examples of rotary cone drill bits having cutter
cone assemblies with respective milled teeth cutting
structures are shown in U.S. Patent 5,579,856 entitled
Gage Surface and Method for Milled Tooth Cutting
Structure and U.S. Patent 2,533,256 entitled Drill

20 Cutter. Such drill bits may sometimes be referred to as
"steel tooth" drill bits or "milled tooth" drill bits.

Conventional cutter cone assemblies with milled
teeth often include multiple rows of teeth disposed on
the respective conical surfaces. Such cutter cone

25 assemblies somewhat resemble spur gears or bevel gears
with interlocking or intermeshing teeth. Variations of
these pattérns include skewing the teeth similar to that
of a spiral bevel gear, or even an alternating skew to
produce a herringbone effect. Another accepted version

30 of a drill bit is an interrupted circumferential disc
having a resulting appearance of teeth aligned end to end
around the periphery of the associated cutter cone

assembly.
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interrupted web are preferably spaced a sel ected di stance from each ot her

to provid ' rmeshing or overlapping relationship with r ding -
I nterrupt M&%ﬁﬁ“gnd cutting elenments 5 formed on adj acent %‘gf@g%?@g%
assenblies. The present invention allows optimzing the resulting machi ned
cutting struc t ally enhanced downhol e drilling
action. Techn%ﬁw esent invention 10 include the
ability to use a wilde acadnstanasf wigthalt eshapings aofl/ e rgmcdsﬂaemng oper at i ons
to forma cutt| Stru the extelor f a cutter, asse

with aggressi ve-Q%u lér{ c#lelgr?glﬁ%%ptra i ey rid ‘hot‘t“é‘? %%%%ch%'é ‘ﬁb'f"?"ég vmth

sel ect ed nachlm@d/mummg:ae:tyrtmtnﬂé&m duah&.ng)lmertmbé cttlmec@ﬁtét:mot‘ a

borehol each cut el enent abI first attack the hoI e
fOI‘ITB.tI n witK% '§'|t'b|ll%risg “tlyrEgle eﬂf 2?1 trfﬂ%tset’f‘h?%uﬁe% %‘é% e%’ﬁd
pl owi ng type sﬂﬂmﬁantﬁta]sl;cmddmd @r (‘a‘lﬂuuldaluertg acdne®nsspedt @ﬁhanée
penetration rate

rﬁh t? as. | Lg%%/ed bottom hol e cleanln N% gﬁ
cutting structdh reeg? y”bve‘:"r\‘ol'r%:bd*L T HEX %s%rﬁ)‘?"r%%yl‘ﬁ Be cSF dhhce
Wi th teachi ngbief Haveiny eserlledsty eid @utittepravtielead osmbiny auieuoaabl e drill
bit geonetry to inproye directiqnal drill trol. The res

machi ned 25 cﬂtaﬂq'}d‘es‘%/r%&t&r”@s nécc?‘g’hes‘g}%i? c?ﬁﬁ’é?%rf?g ia’é #face
gngagem@nt \lI)VI lttlmrtdE afjrﬂi[ﬁgt iplurife tdtﬂ:éoot e ﬁieﬁﬁ&l Qﬁbﬁ&d&lrv@d Cbutﬁgﬁg’vﬁsl
ynanic stability and reduc uge t anyre uction in downhol e
drilling effi GWMGFYHD Wn?l’ed%ﬂ%%\%ﬁa t’gfé“t‘-tﬁ Rt tHFELNP| YFge cutting
steps and/ or @at&rld@tradvm@dﬁmﬁlqpt&bxﬂt@l redh Hieguisedi o A666¢ tared
wi t h teachings of t he resent i nven |on to formmachined cutting structures

with a wide vt f"&f Pe &G i3B 53fati ons and sel ected cutting
profiles 35 for eadbiEWdd Rl ii@iilon, Ththe s iindd @t ¢ Iy | St P@EL Bre

15 may be described as a series of corrugated webs having -a
.generally sinusoidal configuration. Each corrugated web
preferably extends circumferentially around the conical
surface of an associated cutter cone assembly. The
corrugated webs on each cutter cone assembly are spaced a

20 selected distance from each other to provide an
intermeshing or overlapping relationship with
corresponding corrugated webs found on adjacent cutter
cone assemblies. Depending upon anticipated downhole
drilling conditions, the machined cutting structure may

25 be heat treated or covered with a layer of hardfacing
material using presently available techniques and
materials or any future techniques and materials
developed for rotary cone drill bits.

For another application, the machine cutting

30 structure may be described as a series of interrupted
webs formed by cutting or machining a generally
continuous corrugated web into individual cutting
elements extending from the exterior surface of an
associated cutter cone assembly. The interrupted webs on

35 each cutter cone assembly and respective individual



WO 00/ 03114 10 JANUARY 2003 PCT/US99/15765 limted to any peavUarRE 2003
sequence of machining operations, cutting 'elenent profiles, corrugated web
configuration and/or interrupted web configurations. The present invention
al so al | o0 A¥PHY* a wi de variety of netals, 5 netal alloys P&GTASPHET65
materials to formeach cutter cone assenbly. Further, technical advantages
of the present inventiqn include providing a rotary cone drill bit with at

| east two and HEERSRRAPMERSE utdaFh dofempsast iwed Brehavrafeaadivt ned
cutting structepared HNesclRQrRld i Sltdd U@l %&P%cﬁ%&% ic’?:PgFgQIHee £ each
ownho I‘Il|

cutting el enment may be optimzed to inprove overall . I ng
efficiency of ke rResiding &F @VgTlanRinExed afdensiirewitint i s preferably
formed with acaeieistidaainy HUBARIIUS NS A HIRShe dShetiendi ng
general L'y perpendicular fromthe exterior surface of am associated cutter
assenbl §. The formach@prastiacenst BHILE Rl @ sseavrdritesni | ITheepriesent

relatively sharRd@SRid &19What ggdi%{iﬁg{ga%k%n%%l\@q{%g{#ﬂ%e soci at ed

cutting element. An 20 aggressive cutting profile may orned on each
cutting el enesutitdngl [SEWUGFeILen i PrMEL Gse rfaasgiaingsi aldiye epthanicedassoci at ed

drill bit, "‘hidlo%n"i’xbﬁteh%ﬁi@r{gi rgectq;grﬁndi ng downhol e service |life since the

cutting elements W11 renmain relatively sharp despite abrasion and wear. 25
Cutter cone assenblleshmigpalngdvagitiagss @ft tihey pstementurieseidrond i n

cone il 1 bi el Tty REARY 4 R ARG oF WRRIIN L "ot ng.

equi pnent . 3os@hpigg‘gqqddw{mayh;ggng oﬁerations to fgim a cutting ?

’ structure on the exterior of a cutter cone assembly with
aggressive cutting element profiles. As cutter cone
assemblies with selected machined cutting structures are

15 rolled over the bottom of a borehole, each cutting
element wil% preferably first attack the downhole
formation with a slicing type effect, then translate into
a crosscut and plowing type effect. This combination of
drilling actions will enhance penetration rates, as well

20 as improved bottom hole cleaning. Machined cuttihg
structures may be formed on cutter cone assemblies in
accordance with teachings of the present invention to
provide for more favorable drill bit geometry to improve
directional drilling control. The resulting machined

25 cutting structures provide increased circumferential
surface engagement with the formation at the bottom of a
borehole wﬁich improves dynamic stability and reduces
gauge wear without any reduction in downhole drilling
efficiency.

30 Many different lathe turning steps, plunge cutting
steps and/or other metal machining techniques may be used
in accordance with teachings of the present invention to
form machined cutting structures with a wide variety of
geometric configurations and selected cutting profiles

35 for each cutting element. The present invention is not
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conpl ete understanding of the present instention, and the advantages
thereof) reference is now made to the follow ng descri ption (téaken in
conj unct i S¥O8YK4 t he acconpanying drawings in which |ike PeVEPEAHS
nunbers indicate |ike features, and wherein: FIGURE 1 is a schematic

drawi ng in el vatlon nd in secti, W th ortlon broken, away of a rotary
cone drill bit l“‘"r’i"&?r% oF A FRES A %Eh é%%%lthﬂngPﬁﬁat-l@ns'

attached to ormteritigofe lRmdnit) lpraifiiilegs dlcﬁ:ﬁ&ﬁﬁj&ﬁé&&v&@@@ﬁf@gu?&% 2is a
schemati ¢ dr aw showi ngr an |sorre ric view of the rotary cone drill bit of

FIGURE 1. FI /9% Jdnhetamptade TPEANL e JFh¢| PEFEERS of FI GURE

2; FlI GURE 4A iimvartdhemailise cirlaww@g Uiy R0 wildd SPBL&t$ SEemeph1an
i nt er medi at e step whil e form ngtgl cutter cone asserrbly wWith a first

machi ne@ cut t {38t AW FoM e&er‘f@rtﬁqu:" e st e dFRnRut Fepocone
accordance W tdxdeRdali .ngs of the present invention; FIGURE 4B is a
schemati c drawi ng showing an isonetric view of the cutter cone assenbly of

Fi gure 4A during afdtHdien ntechedicale advantadese ebrhegerasentrst machi ned

cutting str UCtlle%r!dlcﬁ‘f?G&rdi%@ée ;)Mdvﬁciﬁ@”& RSk A9y Cl—ioﬁé‘edi?ifﬁeﬂit' QYenption;
FIGURE 4C is a schematic drawi ng showi ng an isonetric view of the cutter

cone assenbl y 38 ImagiREwoA apd, k¢ fera ki stthl?ﬁb{%:m%'e%le’éu@@nﬂga%@ablmé
for med ygher Som v AP GRIANR Wulch RAGEAGS Wled NE PiESEBLaPrLaVENt | On:

FIGURE 5A is schematic drawi ng show ng an_ isonetric view o
i nternedi ate mﬁmnaetlmr fingy cattdinge Prafid i rgrgh ekt ing ece bament

machi ned cut tigg, Y l!fﬁtliﬁrﬁzfefd)f@&‘ 9N [ veraeL SiRgso Pé 28K 11 Nis
accordance vvlth t eachings of the préesent inventions; 7 10 JAI ~JARY 2003

VO 00/ 03114 PEHAISISNEY/ 65 HheURESsEiates shtiehathit dr awwg SHBOWLRG an
i sometric vi e%l@‘méﬂ‘@ féﬁ) £ UM RS WA e H U %’g' 843 pophher

internmedi ate step wh rm ng the second nachi ned cuttl struct ure in
accordafce wi tt}hl{@ﬁtﬁﬂ&]wd steep sides extending generally

perpendicular from the exterior surface of an associated
cutter assembly. The cutting profile of each cutting

element will remain relatively sharp despite substantial
abrasion and wear of the associated cutting element. An

20 aggressive cutting profile may be formed on each cutting
element to allow increasing the penetration rate of the
associated drill bit, while at the same time extending
downhole service life since the cutting elements will
remain relatively sharp despite abrasion and wear.

25 Cutter cone assemblies having machined cutting structures
formed in accordance with teachings of the present
invention ﬁay be used with rotary cone drill bits, core
bits, hole openers, and other types of earth boring
equipment.

30



5 of the present invention; FIGURE SCis a schematic draw ng SANWARIg2GO3
isonetric view of the cutter cone assenbly FlI GURE 5A having the second
machi ned cuttinq structure forned thereon in accordance “ﬁtﬂ;%ﬁaﬁngﬂgs of

t he preseﬁYoﬂﬁmﬁﬁVention; FI GURE 6A is a schematic drawi ng show ng-an
isonetric view of an internmediate step while formng a cutter cone assenbly
with athird 15 ihed cutting structure froma generally cone shaped bl ank
in 15 accor dafCeRptt-Sacitirgs— b5 S i nvention; FIGURE 6B is a
schemati c drawi ng siaeWiangode comifieties uHRWHahden§UbE efngopRegesendl y of
FI GURE 6A durggg_anqther internmediate step while formng the third nachi ned
cutting struct'd¥ENtAoRecaRdatde FVRNSEaT Reverhi ratepereenis | pO¥Nti on
FIGURE 6C i s gageherptihe ¢6aWoRdnghQeisiq it i SOBLELS Vi e xgj beigutter
cone assenbly of FI GURE 6A havingg?he thi%g:npchined cutt%% %%rut?ﬂre
formed ther eoVith &E€oPEERERARYERSt SEANINES ofn twelphekbhe Defersreei on;
and FlI GURE 7 m%m%eQ%hQEagbgt@rqwk@gfﬁ%ﬂﬁﬂ&b;ﬂhﬁﬁ”@%&f?i [ sonmetric view of
a cutting el ement associated with the rotary cone dri %it of FIGURE 3. 8
10 JANUARY 2003 WOFGGUBEN 114 speTrgbsaiats s g £ DESoR HpmNamt HE

| NVENTI ON Enb Qi g s wikk ht B%&&%@mbz«dwﬁta\@%\/ ol htSopg né&gésdﬁm best
under stood by referring to FI GURES 1 through of the drawl ngs, |ike
nuner al s bei ndittsed NCEFPOTRALRATa #EAEHINEH i HRE pa¥esent imeentionus

drawi ngsy For YERGRES £Qf Jhnldl sl }lF A adine MEsERy & L@N; S Shown
enbodied in rota? cone dPiII bit 20 of fhe typégﬂge%9¥§8%$?lfﬁa§borehole
in the earth. €done drill bit 20 may sonetines be referred to as a
“rotary drill 10 bigrguek 2r Q&K aPiskhenRAid Y LML 4T 4 | y
includes threaded connection or Sine24 ﬁbr use .ﬁgafééﬁﬁéigggrf%fmfﬁﬁﬂ%o
with drill striigy 2L ther Fatadyc eomecdrin Ubidndo s EHEVREpbndi ng t hr eaded
connection (not expRSREY 3SheWR), A$IOG idhedaM d i tLd ; :
designed to allow rotation of dril I%éﬁi tl ZOQ? n ri%g%%%%rfoéé%?a%%( g?il"gri |
string ¥ at tdfe RA&QUREs@riface. In FIGURE 1, drill bit 20 is shown attached
to drill string 22 mgh¢re 9R0S8d 4 Rhnhale i g forned

bet ween t he exterig?.of drill s?ring 22 andf%ﬁ%méggﬁégé¥¥§§ %ﬁ wal | 28 of
borehol e 24. liscaagdiniicoriey oft an Agtermadinte 2eteprvhiletfomine 4s often
used as a conqujte Ol rMIRIGRAVIIFH Id 1¢i0-dd Uhslh fRda okier 1 44 Ui ds from
the wel | surface to drill bit Zobgtlthe bottom of borehol e 24} éMCh
drilling flui cFuweFure Igom regederad 1M @one othaped | bharknit 22 to nozzles
60 provigled i ndigildarRid wd@h Cehldmieyd YrMhdYoLhsbhe bifvafh 54, any ot her
debris at the bottom of borehole 24 wll mx with drilling fluids exiting

from nozzl es 60 and LGRE @B dst Re spRIemadiq sheawing oplevirg 2n

isometric view of the cutter cone assembly of Figure 4A

during another intermediate step while forming the first
machined cutting structure in accordance with teachings
25 of the present invention;

FIGURE 4C is a schematic drawing showing an
isometric &iew of the cutter cone assembly of FIGURE 4A
having the first machined cutting structure formed
thereon in accordance with teachings of the present

30 invention;

FIGURE SA is a schematic drawing showing an
isometric view of an intermediate step while forming a
cutter cone assembly with a second machined cutting
structure from a generally cone shaped blank in

35 accordance with teachings of the present inventions;



30 For rotary cone drill bit 20 cutting or drilling action OgfYrgurke 203t er
cone assenblies 100a, 100b and 100c are rolled around the bottom of
borehole 24 by rotation of drill string 22. Cutter cone assenblies 100a,
100b andWO®0@3H4ve substantially the same general 35 conf E§aRY bYi6%nd
overal | dinmensions except for machined 9 WO 00/ 03114 10 JANUARY 2003
PCT/ US99/ 15765 cutting structures 110, Z20 and 130 respectively fornmed on
the exterior surfBEGUBE &8t tier ac rheassdnb|dmsvikiiPashdéid sand 100c in

accordance w i of r t_ipnvention, tte ssenblies
100a, 100b aﬁ%gﬁ%gggg (r%g%wsc?r?e[&%ﬁegsc%%%%rre Sred T y'rcbf{ me‘s utters”
or "roller céueirgtaapsherThatienwiedd atieamtteyy wiiborhotimg 4 Hiefdgrethdy

wal | 28 corres gnds a BE: xi_mat (%I wi th t.he conbi ned outsi.de di aneter or
gage di amot eFo0RL BRET BRCEINY SEEHRITES b e POt SioDE SASHe NIRaURE 3.
10 Machi ned efit thagpskseettuiesrehtion;20 and 130 scrape, cut, gouge, slice,
pl ow and/ or chi se% E sisg:es and bott am of borehole 24 in response to
wei ght and rotati bh | P&d 1 TR SRR TG i3y 22. Machi ned
cutting strugbomesritOyvikr0 o3BG utmehe o i fskénblyp FIIUREIEICE With

teachings of the present invention.to provide the desired e of downhol e
drilling actPGHlagng‘ﬁr isﬁtcémfgr‘“aﬁri’e‘%ﬂoicditpt&t%% SRS 1 on. Drill

bit 20 showntharEbGURES akbcotdaiittel widprieaash in@eleoPi e gredditid ary bit
body 40 vvith,ugger .portion 42 20 having threaded connection or pin 44
adapt &8 t her 8B¥°B6188¢ure drill bit 20 to the lower end of drill string 22.

Three support ar npI¢OR® &20rief & aﬂﬁnen@tﬂi@mehwm@@h&xi%chd OPgi t Ef" nal Iy
preferably

frombit body 40 opposite fro in 44. Each support arm

includes a spPRAPE*ZS (&Y r%és‘lrﬁ):esrﬁ'&ﬁ/ﬁﬁ’)arc% R S fF TR/ ng from
an inside suefaeer(@eineeddReH M Shit)a hihe hLspeedd utstrprt arm 70.
Exanpl es of such drill bits and their associated bit body, support arns and

cutter cone S5¥BREMFEs THA AFNGTRIYS CPR FRABEALIBY Bhtitled 30 Rock

Bit Wigh Enchapbedahldd diftei WenMBagansk Wik Faseaht 5idkahiOfsh entitl ed
Modul ar Rotary Drill Bit. U S. Patent 4,6056,1S3 entitled Rotary Rock Bit

Wth Miltiple RowFESVREAFB Bet a/etShamatd EATRYIRAsSBOWLNG @D pat ent

4,280, 571 entiisbinad FRRCK, iRV o e Chltele XS5 €8s Sémely Cofvierduranada rot ary

cone drill bits with cutter cone 10_, . ] .
during another intermediate step while forming the third

machined cutting structure in accordance with teachings
20 of the present invention;

FIGURE 6C is a schematic drawing showing an
isometric view of the cutter cone assembly of FIGURE 6A
having the third machined cutting structure formed
thereon in accordance with teachings of the present

25 invention; and

FIGURE 7 is a schematic drawing showing an enlarged,
isometric view of a cutting element associated with the
rotary cone drill bit of FIGURE 3.



10 JANUARY 2003 WD 001 03114 PCTI US99/ 15765 assenbl i es noult esNuaRY 209pi1 ndl e
projecting froma support arm These patents provide additional
i nformati onconcerni ng the manufacture and assenbly of bit bodies, support
arms and W@a0d1ldone assenblies which areSsatisfactory for PGEASHVIF6K he
present invention. Acutter cone assenbly having a nmachi ned cutting
structureforned in accordance W th teach| ngs of the presentinvention may be
used on a wi dBEFAL - 3t o tIRBIENIGWAhol e tool s. The present
invention is not 10bh@oﬁ%%eh%su%€f “MHeh ;Q’és!éntb' tn\:%qlt.q_ rC4hly ltgl_;,oneasserrbl I es
100a, 100b, and 100c. FI GURE 3 shows a bottomp an view of dri bi t
20. Arrow 80 |ﬁd¥é§Fé§eﬁhérﬁr@ﬁéﬁre@4ﬁm&ﬁqcbrbw gre fregtrdmigotof FAGURESDiLt 20.
Each cutter c e a tgggs__,an p % ase
portion 102 hgg?ﬁgggggﬁlg?fa%%% ﬁr(]i%m rculchalr]kcgg%%&l&:i%??)eﬁ%l %%%d £ 9
106di spbsed oppbsi rad Feraespanddase Qestd orf e p'laeﬁ@m@bldmawalngdes an
openi n not expregs| GaV. e e din
pening ( Pr eglsy pHigRe ANt 3 100U G, O %?&%e%?og% eRELERCI N

therefromto allo ng cutter cone asse il ies

onrespective $gi ﬁ&il%’sl Eembrodagst dos InptsarnoneGatwirldl bittapér ed, tthenit(ygle

surface 104 extendsfr ach  Rasepard i t],ggaacﬂg: er r tive
nose 106. I\/achpngg ?ut td:yr?gqs%ructures G'111]8{] 0 an htl 'Hg;&g%?ggﬁ&gdaggﬁﬁ
general |y tapéned2ocmycalom!:rlﬂw@e hy rederiasdt qio fasces "]:(M:am‘w IdE‘S.ﬂléCtl ve

cutter.,gone a I i N Ok, a t%ggf; S c ed cu ructure

110i nc?‘ﬁdes t ee Fows r})%%abjll 2 angg)l ofc{IL térnlgelel e‘%e%ts Si g%ﬁ?’é

respectively aaclm&eslzt&mmﬂelﬁ@;ormnm i3 Qfior rield ﬁdn"rmxéieaual y adj acent

to associ at ed %%%h?’%gtl quz A d 'Ecif cg rlclurgterr .ent |2%I |y ugg coni cal
ace o)

surface 104. rrow or ne nose gnds
circunferenti abhylea;rtatsmd dciorarchla mn‘zaafa:qmrsg)admta‘de@nchmnsetcmow 111 and

third row 113. eF 0 ~03t

PCTI US99/ 1576én ecéégIJJ ]%'5 wantt]ﬁn%&\Jtruc ur%%lﬂﬁc%ﬁ adq %6 f8%s 121

and 12250f cutiteengneldememadld:e\slrgnatetbn eshetrtillelbita 2063 e spShiseRow 12|

is forned mm; t%ttgl(% ?a&%@ tsQ:an. t%_d g%s rtlu(}qE 2 and 5 extends
104. "Secon

circunferentially around coni cal sur rrow ‘ext ends
circunferentiall y eirrommllc,aldmﬂr]f etn:B: 1200 spegherf raornafdhest tcowri2d and

associ at ed no r cuttin str ct.ure 130

i ncl udes two \%s %% %Ss%dcu tllgi%%@gi rreeﬂ‘t ug‘nat eé talé 156 and

1S8. Row 131 |fsr&r@rdrmiauwamfd|tataaqummxemf j[chﬂh]e szcssmg 22e@nidasheporti on

102 anqoext endLstI 'Ji% laléey ey ,é]‘dek%){]écf% SLE’FI % th_% %le)cond r ow
€ erentr al a

132 of “Ccutting erent s ex ends circu y aroun conic surface 15
104 spaced fr amtfitristg rdxmllechfassbu:ihl estriose 20D6.s Sl QIRE 88 aOne

of the benefi e§§?& t sel ect the
| ocation and E::%nﬁ gh’gr];clﬁtr)n eac vém# Hﬁsfhpgdn% rlsd ?r{l:dlte?he 20 si ze,
confi gurati on fand & i feramatt ben wﬁllea'ﬂ-trmeltng @helrﬂerhltl rROeath thew t o
optim ze downhgl i f r{yyanc t { cone drill
bit. For exan%%t% q‘Leéé oca %\ éanztc?coe?l?%klljr I onﬁg(f %dr%'gqg ?%\%% second
row 1125and t liineated 148 flowetkam dhel bxsering 25 of mrzles &bne assenbl y
100a are selecte ver ond row
122 and thi rd(i)rrc?\?\flfgetfl I&E'ftF ’%’tl.%k% e2rr6ent sé‘\?‘g?#e%g éd b éigl’l%(]:)lrl oﬁ%cutter
cone assenbly 200Gnd lany stiked aiemaxmealtftlnetbcpmonlﬁf kxmahuielezzl atiddlt hird
row 133 forne 3 u seI ect ed
to overlap an%l Sént%lrh-f% &reﬁf}ﬁ &{r%%h%%’g‘él’g%?ﬁ%é%g r'uc ure and
second nachi netktoutrt ity tshe uee Lk esuﬂ)ace via annulus 26.

30 For rotary cone drill bit 20 cutting or drilling

action occurs as cutter cone assemblies 100a, 100b and
100c are rolled around the bottom of borehole 24 by
rotation of drill string 22. Cutter cone assemblies
100a, 100b and 100c have substantially the same general

35 configuration and overall dimensions except for machined



The size, configuration and orientation of cutting el enent S01a8yUARY Z00BSt
row 111 of first machined cutting 35 structure 110, cutting elenents 152 in
first row 121 of 12 10 JANUARY 2003 WD 001 03114 PCT/ US991 15765 second “
machi ned cWOtE¥14t ructure 120 and cutting el enents' 156 i nPETUSPYIGEHN 131

of third machined cutting structure 130 are preferably selected to provide
over| appi ng contact with the bottom of borehole 24 during 5 rotation of

drill bit 20. FHEtiBgpsErngeureagiiddi hap ﬂéﬁgﬂﬁOotesnﬁpmmyﬁixﬂﬁntmedAG

152 and 156 asoﬁeaﬁarssitramfbgafﬁgeyb@nc&QBeks hsf ﬁ%%’ d &tho 4\5

result of varying or staggerin ongi t udi nal |ng el‘ement s
146, 152 and 15@-btﬁ@daiéacoinc@ﬂﬂgtﬁancebwlmbeneaehpag8|mé'mhenprenenﬂjl

121 and 131 w 1o Lhes At L omolborele! &gt Lol 302 v a0 ns 100s

circunferential spacing between resSpeciive cu
1S6 is abso vamapdsbmetmmehebepreﬁedeedokooasrPappang conbw@mumdﬂs%fur

bottom of 15 bQ | e 24. sl t f orm.ng flrs 1l and
13l in accordancgbgvl FEh°PBsc ﬁu%€%£§f th'Ie‘R%r]érslge’ﬁfie ﬁ%gﬁ? Yf%ejq Gishe %seurface
area of engageﬂénﬂeﬁnhbdbbptaaihone édrrespondsaapprmhumhtengr@&Sﬂstﬁhe

dynam ¢ stabill f _t.h SQ¢] one bit 2 Also

i ncreased area® o%bggegagygge §e§%£$%€gru§% é|§ﬁ%ﬁ?§egfoﬁlF % qﬂﬁl
121 and 13| al assembillits 100ageduted mndrlOOctheSeesBGGHREd3cutt|ng

el enent

W thout 19 educi ng t nASEB BBAnRSr 6LBY: FF FHGEUbEPoR dssberaPEl with HHied
cutting structuoues g@ﬁgeLzsland,1§DowFaﬁ@éofiuhlse¢onder@wmeb&2uuﬂ22 and
i fferent 1 ongPPGaPHaPtaPFARRLE 74 offr ESRRRr et S0RogEE 208 Gttt
cone assenbly appPaiedlb ardl10PBit By gaowi dgilbestengyt edi.nalvadlsimnre
o Pt ey RESRa Oy kL Ebp YLD 2T LR NS A PACMISRA 8t T ou
machi neglscut t i agcstdaater @ithOtabhshinhgs! dflesh85pgesand hh@u@h:ﬁﬁlgnﬂove 11B
formed betmeenp%ggggg Egg %Lgl%gd t%gejé‘Qngngoge drilling action
appropriate for the anticipated downhole formation.
Drill bit 20 shown in FIGURES 1, 2 and 3 comprises a
one piece or unitary bit body 40 with upper portion 42
20 having threaded connection or pin 44 adapted thereto to
secure drill bit 20 to the lower end of drill string 22.
Three support arms 70 are preferably attached to and
extend longitudinally from bit body 40 opposite from pin
44. Each support arm 70 preferably includes a spindle
25 (not expressly shown) connected to and extending from an
inside surface (not expressly shown) of the respective
support arﬁ 70. Examples of such drill bits and their
associated bit body, support arms and cutter cone
assemblies are shown in U.S. Patent 5,439,067 entitled
30 Rock Bit With Enchanted Fluid Return Area and U.S.
Patent 5,439,068 entitled Modular Rotary Drill Bit.
U.S. Patent 4,056,153 entitled Rotary Rock Bit With
Multiple Row Coverage For Very Hard Formations and U.S.
Patent 4,280,571 entitled Rock Bit, show other examples

35 of conventional rotary cone drill bits with cutter cone

10
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WO 00/ 03114 PCT/ US99/ 15765 and third row 113. Second mnachi rne CMIUARMQ2003
structure 120 includes' a corresponding first trough or groove 126 foaned
between first row 121 and second row 122. Third machined cutting structure
130 i ncl uMEs0063tét trough or 5 groove 136 fornmed between fPFHUSg%Wﬁ%l and
second row 132. Selecting the desired dinensions, configuration and
orientation of the associated cutting el ements |48 and the distance from
respective nodgseuiligacupintersy anoaospindse puetesyisgr foomr @ SLPpwirkl be
received withpp.10 3@@{@% j r : f hi ned
cutting struc%gwé lg%é%ﬁ f|rs?gtégﬁgﬁd%SgagPt%éﬁﬁg %ggﬁgﬁ%ﬁqgétting
structure 130coReepetny ke csanwyiacherei andnaesémbiynosebi®6baldliiess cutti ng
el ements 146, 5 5 6 dj ed_bet ween
correspondings%ég?gésgﬁwgaﬁ?%ééﬁ%t%gt?gﬁgcéggeéggggﬁlk@ggﬁoﬁgﬁ 100b and
100c. Cdne shaptilsbhandrpOfeshonse byitot tkd pressntniBvedRESN4A, ASA and 6A
preferably hag

n LG adt | n 101, dinensions_satisfactory
for 20 forninﬁugﬁggegég%d%ggégg f*%gpﬁgo%,gééggngﬁdc gg&“ﬁn53588&8£ﬁce
wi t h t eachi ng§ophetihin preserdance eni tbhntedthhkg80ofay hke presead f r om

various types.of steel I or_. ot her l..allo ssqci ated wi t.h
rotary cone ,lBY?P#lg?tﬁ%yg%%ﬁsggé %%y;bgl?%fkgﬁlg#gn¥§u§ﬁlgétgﬁ?ﬁl?nQS
usi ng forgi ngoahdtodowmlstlagcoebsini qllee psedentr édveRbEIRESs4Apt4B and 4C
show vari ous ste ssoci at ed. w t i hi ng.bl ank in _accordance with
teachiﬁés of ?ﬁ@gg?gséﬁtu?%ﬁghm$d%rggfpgb#ig%tgrnﬁgﬁgﬁgdcgﬁFting structure
110 on exteri assemblaes 10¢apfl1QObi eandob@080 assenbly 100a. For the

Similar motal wor kPRGURRCH ARowS B parphyeBef SRH PaTRELL PAFnadtucs my

t hen be used Aﬁrbwraobﬂséi@@tééonhéQﬂreﬁdrnedediﬁéccmphl&bk 2Brakavhe turns
o Lathe cut st SLEbBe o SEAch ool ELL BRRLoR RIREGY) aRlLl 3foR0t M "
| and 128, secand tooceihecledes ngespedaide 1B8sandokhing corcaaving & ng or
| and 129 extendin er {ron1iThSlIocati n_and _di nensions of d 127 are
sel'ected 5 t o OEBFFRLEn-0r (FiTn aocrphf pBRar FoH PoER Al pBR111 and
t he desired ddiepssed appositenthérefiroh. asBaseapedtdont 108 plreffertdliy46.
For exanpl e, Eggl&ﬁgghagfoﬁgﬂgn&ZZnot expressly shown) and a cavity
(not expressly shown) extending therefrom to allow
20 mounting cutter cone assemblies 100a, 100b and 100c on
respective spindles (not expressly shown). Generally
tapered, conical surface 104 extends from each base
portion 102 and terminates at respective nose 106.
Machined cutting structures 110, 120 and 130 are
25 formed on generally tapered, conical surface or exterior
surfaces 104 of respective cutter cone assemblies 100a,
100b and 160c. First machined cutting structure 110
includes three rows 111, 112 and 113 of cutting elements
designated respectively as 146, 148 and 150. Row 111l is
30 formed immediately adjacent to associated base portion
102 and extends circumferentially around conical surface
104. A row 113 is formed adjacent to nose 106. Row 112
extends circumferentially around conical surface 104
spaced from first row 111 and third row 113. See FIGURE
35 4C.

11



as nmeasured from base 102 towards hei ghts nose 106 is prefE dBNYARY 2t ed
to correspond with the desired 10 | ongitudinal |ength of the associated
cutting elenments 146 as neasured from base portion 102. The

i iLstances
whi ch | an¥O¥P3Y: ends from the associ ated exteri or surfacepélgﬂégl%és.%

preferably selected to acconmobdate form ng cutting elenents 146 with havi ng
a 15 desired heigh%ﬁas asured fromthe sane exterior surface 104 . The

| ocati on and di men Sﬁgggﬂ | GAECAPB SHENERRFE FaRdinobudes &P ect ed

ina sinmlar raween2toad nePuE vhtdindeeTloséned 4e5aghapedor respective
first 20 row 112, third row 113 and size of _their associated cutting
el enents 148 ARIPESSIVERY Por? RF%alS4packRy betwkeniesned| 27 and 128

corresponds gepmeaibyeWyt Bdidsdnt ros0ks 86c 04088 €padE. pdbei bANghS ughpal
spaci ng between second land 128 and third | and 129 corftesponds generally 25

with sefond t FEEGRIST CGrEOFE SN FtlY mrewddoraphtadf suntape ebeht
invention as kgphagerbed 12y %ﬁﬁ%é%imf@feﬁt'afa%g %g@ﬁh&%ﬁ{bﬁ

machi ned cutting structure 110 on_exterior surface cutter cone
assenbl y 100asprépeeaBily ispaAqRfbstromefiest ofowolpluand aaseciatedrm

corrugations Lal.i Roki rsisdeAnerdiees $©r sone application) the plunge
cutting tool (not expressly shown) may have a di aneter approximtely tw ce

the width of firstThixd merhimedtcpihing oyt Fagtwse ba0déBetindes o a
corrugaged we dy4i | &gle - gﬂgé URLLE ni JUES: ar e
preferggly usg8@$olP%r%§?BQE@ao !%%ﬁ%xﬁ$§fg%3 t%o?%%%%%&ﬁ%#vi%&@%ﬁs765
cor r espondi ngasér Aegat | Bey DAL | s skevned | Hrmedatahy adiaceativmstheal3 in
third land 12 : i3 q?59§ | d ' ;
corrugated we sf%%éggﬁgpkﬁ?%h and{%599%%s%$$b§%g%§8%o??gggﬁggrﬁg%liﬁgﬁ. A
five 5 axi s makrbung weoiiosd myréace bed useBetondioravcdpdrught eutwehs 127a,
128a and 129a %Q@ o) 1 flg,g@ i ! i
structure sucﬁlggggﬁ%a%x%n Gq% 4 ﬁ%t %Pég?%s?g§?§?38§gigﬁge§§%€(ggone
rot arylSone daPKl spaced froworf orslerreypk’dl cdndoandotbdatedmesent06ét my be
preferabl e toglat ey @c.cut corrugated webs 127a, 128a and 129a to form

respective cutting elenents 146, 148 and 150. For the enbodi nent of the
present invention Onewefi klIm QEefn:s cof rtlgatpresent irventiosa and 129a

15 have been hg@gkk%g %%%jgﬁﬁyg%%p E8r§é18¥§_% %113&3t§8§ ii3 of respective

cutting elements 1 ' Various mlling techniques nmay be used
to cut corrupreafionrating dbgachdravoaf Fertingsedavoutaeand theting

| 146, | h
el ementy sji%% a%“@#ﬁ]‘%‘ﬁs?@ﬁggﬁ%ﬂﬂkﬁ 6£S8UEnJEREL Ah

configuration. %eve[, nd orientation as$OC|até% W th
cutting el eneslemeas, imM@aghl 109 | Ppvimizeepevnhageugdsnhlibegdi nensi ons

assoc a ed Wi LR RRARtdS bf NS d8dociZBedfoldPy2BEnbCaREEL ] HEE TRORLAI NG

example, the location and configuration of first row 111,
second row 112 and third row 113 formed on the exterior

25 of cutter cone assembly 100a are selected to interfit
and/or overlap with first row 121, second row 122 and
third row 123 of cutting elements formed on the exterior
of cutter cone assembly 100b. In a similar manner first
row 131, second 132 and third row 133 formed on the

30 exterior of cutter cone assembly 100c are selected to
overlap and interfit with first machined cutting
structure 110 and second machined cutting structure 120.

The size, configuration and orientation of cutting

elements 146, in first row 111 of first machined cutting

35 structure 110, cutting elements 152 in first row 121 of

12



25 formcutting elenents |46, 148 and 150. FI GURES 5A, 5B afdJiBUTABHAR03
various steps associated with machining blank 90 in accordance with

t eachin f resent invention to fabricate nmachined c i cture
oxyBlyfial peiit ek’

120 on e surface 104 of cutter cone 30 assenbly 100 6A, 6B
and 6C show various steps associated with machi ning blank 90 i n accordance

w th teachings of éhe @gﬁt’else { invention to fabricate nachined cutting
structure 130°%BH°BRt B nsegir CREE 116 S USRYS 1th&nss Savisiingi00c.

Machi ned cut tébgmehesThBed nl ZQ ramd @3 130 By de fD MRt iWed dudtthagt ur ns
and plunge cuts_ in_16 ﬂé% JANUARY 2003 WO 001 03114 PCTI US99/ 15765
subst anti al | y*FRBCEURE n&r €a®y &ﬁ%}sﬂ FPHEESDE® Wy idespect to

form ng machi sedrtupping Tonteictr itk tHe HdBHRES FAborRnde 3¢ dahGHRE 5A
shows first concentric ri %g_lgl | and 137 5 and second concentric ring Or
t

| and 138 for nE8tRRéPBoRTa &FF G r adihf I5pRESR e dongd tadinade 104.

FI GURE 6A shoyengthsbeCenseniyg @ 1edntdy 14300 1567 ARdl 1580 aRd regResaly i c
ring or land 168 fornmed on and extendi ng r adi ally fromthe respective

exterior surfbEem1baseTROTEG M0EAR F BTE TN offried fi Ast al arguli37 and
167 are sel ecaedvae{@argr %&p%@@g&getrﬁdgh%@%@qd@q{appewmr ggpective

first rows 121 and 131 _and size of respective cutting elenments 1S2 and 156.
The | ocation GRECENFeRIEBRELS 1AGspddd Pk d&dnd Wwhaare iof cangsact3s and

15 168;8re sebecledni Pedpiidfihal fABMIE-Jud GANT eSPANG AN HALhG i¢esiked

| ocation for resgectlve second rows 122 and 132 and size of their
associ at ed cuPPEREMePEnPREEhrde 24d Widd alsthg@rdut t iThg t echni ques as

"previously deéEEi:Qﬁ@es%Qg\Mitah lPaRAGy %Merdl&@éﬁ&i%lcu%%nggd 143 as

shown in FIGURE 4B may be satisfactorily used to formcorrugat webs 137a
and 138a on thieBRREF| dfbof 16% rad d&fe igs adifs ward®s &ed faatthegat ed webs
167a and 168a,p8,thRe exteidvr1@bpraWd &% zﬁ:‘y& qﬁstq{rgyé Far the 25
enbodi nment o?pt hg pr esent in\fen?lpg'ntgtas Os own in Fl Eé%%g,o%%fan_d 6B
corrughbed websrehode 2483, 129a) 137a, 138a, 167a and 168a have a

general l'y sinusoi dg gORLIHHIAIIOE oML s rARRILANI10NS 2 CaLFUgaYed webs
with other types of symetrical and/or asymetrical 30 configurations nmay
be forned on LRe2ERPEHARHCEWiLR sedsdhiinas cfuttther REGFendsdavBNEioRokhehe

enbodi ment of c5RR1PEASEAd RMRA 0¥ dyaHimiht WifHOPIER AChoDe 20di6C the
respective cutting elenments in each row 111, 112) 113, 121, |22, 131 and

132 have appr dRFFEEERG Wihd dnridcrsagese they Shinanist issiabddd tar PEntae on.
Howevepg for Qthekidfed rotary cone drill bit 20. Also, the increased

area of contact between the cutting elements of first
rows 111, 121 and 131 also results in reduced wear of the
associated cutting elements. As discussed later in more
detail, these benefits are obtained without reducing the

25 downhole drilling action associated with machined cutting
structures 110, 120 and 130.

Respeétive second rows 112, 122 and 132 of machined
cutting structures 110, 120 and 130 are formed at
slightly different longitudinal distances from respective

30 noses 106 of cutter cone assembly 100a, 100b and 100c.
By varying the longitudinal distance from respective nose
106, first cutting structure 110 includes first trough or
groove 116 formed between first row 111 and second row
112. First machined cutting structure 110 also includes

35 second trough or groove 118 formed between second row 112

13



10 JANUARY 2003 WO 00/03114 PCT/ US99/ 15765 applicati onsiOt aNUaRe 2608

i nvention would allow cutting elenents in each rowto vary in size and/or

| ocation with respect to other cutting elenents in the sane row. ALSO the .
ori ent at iwo o@d3ieditting el ements within each row may 5 al sedwuswnised. For
exanpl e, varying the dianeter of the machine tool used to formthe various
plunge cuts will result in nodifying the dinensions of the resulting
cutting el enant. thAlisd rosr Wildg tSecenzdemathiilve miutltiing seatudtage txarake
each cut in corrugated webs 127a,..128a,. 1 29a, .137a, 138a, 167a and 168a
WIT vary tharGHERe o tine SPER G a6t Rg e e B2 OONRAIRE 7 | 5 an

enl arged dr afioggedhbeitngen thimistalrosutiRilngnel emedndlxdw N2 .r stTHiowd 121 of

cutter cone assenbly 100b.. Cutting ele 152 .i ncl udes bhase 172, 15

Chter or ourfacainel it stelteleB T 1BRauRs T ate Raht T ace 180
and trailinggivbiaca 358 Zormeide betweenr faeetl Zow apneserd Sddundordw on of
cutting el enment 1S2 | ocat.ed a?‘i&a ent, tgn\gg_lfnl 28 of borehal e 24. Leading
surface 180 rdpres&FETHEF it %ﬁﬁ’rllrle COFONTy SETEIGHHAT 1D It

initially corfraehtattherdemholee assombited autthagdelitants haehale 24.
Crest 178 is a generally planar surface with an ess shape or ogee shaped
confi gur at i offneFgd sERE FIEREPECEE BRSSO 6 nPEFENGh Taw g‘ﬂfﬂ/\/{P@S in

FI GURES 40) FGrard <& timeidteuditiinend 19t iiqiiumes rbki vieD waltthiks0
preferably contain cutting elenents wth ano%gee shaped confi guration

siml a0 to croFrespPRFind thingg Sramght 1252 otasesanss machdfind GuetB®en
cutter cone agyeFRhires 1H0andl Flrstnd rRgh Wateh dfhe rheld /EcHin¥y bor ehol e

24 generates a significantly different pattern with inproved drilling -

action as cofp&rddd SHHUSHGRs PG -ar Frofee Lyt iselastiag theedicitanfe ace 174

includes firstroniiciee 1@t e 1ahss eettd nguiflasRnk & 0.4 EXtiarg or1s0)f fege, 176
al so includes 35 first surface 176a and second surface 176b. The 18 10

JANUARY 2003 18 031553 2R PGB 1o $e1 sHEPaseT iRfTaaro s 8T asnandiRg 174a and

176a arse | ar gejwsd iFe ndet cdito Ut 1f Gitined Wsaldnl idfs URa, 100b and -
correspondi ngsurfaces of first land 137. Surfaces 174b and 176b arel argely

det erm ned by*%%e type and size of the plunge5cutting tool used to form

corrugat ed web- 13¢neSWH A58 Hidhiayh b e3Pt dVtiheacin ot her and

crest 178 togenerate what may be described as plow ng action or crosscut
action as cutBIGHRES dfbntSA mnd ffagrebarabiot tif & et 24. Surfaces

174a and 176adrIORRIHEi I IdhEasitdoldierd i s Pl vilvda ergescri bed
as a general Ir%sl i Clng action as cutt el enent 152 contacts the, bottomand

ing .
si de %0 bor eHATING QUL ELY QN] FTSTWHHiasy TRd N By NR9%uctBres 110,

120 and 130 Wddbridndl abidy i) & et di g dvtisy| ously
descri bed downhol el5drilling action,_ the requirenent to offset_cutter

coneassenbl i 200 TR AL AIMRS | iFrq paRYSItRPse Ricstfgel alloys

el i m nat ed. Then SR ikttt | e £f d sl s dianad 89 B ddwd iy Ngoselr f ace 182
are largely dependent on the type of20milling tpol used to cut corrugated :

web 137a i nt ditrididvitiies - cB1aHG ¥ dinike iiprmed, £rQm sgh \RAteH34F or med

bet weejy ext eriHing WdB§end Odndy sk SCHSBGRS clelchrlilifues &) aduk 823 may be
relatively steep.” For exanpl e, depend;&g upon the type of plunge cutting
tool used to25for FEFREGatRd 4RANBAL Y reatih PLIRT RBI°I¥abednd176b

may extend app{xigEdR] ¥ifG BBAnK r 9IN BXLLEOF SAd AR DD e knggupon
the type of lathe cuttingt©ol and mlling tool used to formcutiing el enent
152, sur f aces QiR Prageat iBERREPR X kAPl Taehmnsd F4oE 888 ur f ace 104

at an angl e of AR OXb Mpi 6! on Odber LG eshidpuitem sl s eesud ddPadoe a result

of formng relatively steep surfacesl74, 176, 180 and 182 extending from

exteri® surfaseargalytheOar eafe¥ Elmtemrodinereshewn i iy BIGHREt 4352
and3st he bottgmof HOr eRoLLe RAriSPyeSEAEEE DY £ ESEnd /SrVeihilar metal

working machine. A plurality of lathe turns or lathe
cuts may then be used to form base portion 102 and nose
106 on blank 90. Lathe turns or lathe cuts may also be

35 used to form tapered conical surface 104 with first

14
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constant despite substantial wear of cutting elenment 1S2. In a simlar
manner the contact between surfaces 174, 176, 180 and 182 with the bottom
of borehoMO 9403414 | also remain relatively constant. 5 TheP&TGEY 157183
associ ated machine cutting structure 120 will remain relatively sharp and
provi de the desired downhole drilling action despite wear of individual
cutting el emeRPECEBSTARATEBYE. OFheaPBt AR 7ar E8CORAC 6RNEENtHEIWEEND & | 72

and 10 exteri %naunfz@canaOéhh§dg§aﬁ&éh£hhawﬁ§ bhan Jhie 1éfaefeﬁ rfcﬁf}Ig?‘Ct

associated wth a conventional mlled tooth haVing approxina e sane
hei ght and wi 8hBreAgoR-resul t, cuttlng el ement 152 has suff|C|ent strength

required for the aggressi¥eisHt Lh89 S§@c S,
174, 176, 180 and 182 and crlestBh 8§P&egbg§P§|§g hﬁb % né%%?negégﬁ

structubes 1160 £ogrssEondovwahl bbei dppaved b9caheoaddpu1dnnﬂtrnﬂ%nhkms
such as tungsten Eﬁkb6€§19édoﬁﬁﬁén§thaQF g@hkﬁkiohp %@' %ﬁh
ecte machi ned

areas. The addition of materi al wear areas o
cutting struccucédngoelementand4430 Forkasampas," hé}ﬁdfvvé,dtﬁg d'f (lcanderitmonal

met hods of applsyiagdized! 2ebAUREE! HH8: cbRhrBXARR:Ghel, tigr ch

application techniques, setting a heat i |eve |ng torc to
accormodat e t baefierelodst seiepned b éé@heégppdnglehem deMitresligh t he

present , Inventloggﬁgﬁlhai a@xaeaasfsthavssgsggaﬂsa%m%%dﬂ geeérlrfé[rlt:s It

shoul d be under t various changes stitutions erations
can be nade t Rdbeias weaﬁgm@ddépamtbngefpowtnne dpRr.i t Thed 3@isclope of the

present inventjian as dehi;ngd)Quat he,2pRendad L8l ne2%ssociated

exterior surface 104 is preferably selected to
accommodate forming cutting elements 146 with having a

15 desired height as measured from the same exterior surface
104.

The location and dimensions of second land 128 and
third land 129 are selected in a similar manner to
correspond with the desired location for respective first

20 row 112, third row 113 and size of their associated
cutting elements 148 and 150. The longitudinal spacing
between land 127 and 128 corresponds generally with first
trough or groove 116. The longitudinal spacing between
second land 128 and third land 129 corresponds generally

25 with second trough or groove 118.

For the embodiment of the present invention as
representea by FIGURE 4B, another step in fabrication of
machined cutting structure 110 on exterior surface 104 of
cutter cone assembly 100a preferably includes a series of

30 plunge cuts to form corrugations 141 in first land 127.
For some application, the plunge cutting tool (not
expressly shown) may have a diameter approximately twice
the width of first land 127. First land 127 may now be
described as a corrugated web and is designated 127a.

as Plunge cutting techniques are preferably used to form

15
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for fabricati

ng a machi ned cutting structure on a cone shaped bl ank

associated with a cutter cone assenbly of a rotary cone drill bit

conpri si n¥O8BEHni ng a base portion on the bl ank; forning BCHYSY5765t he
e fromthe base portion; formng a generally tapered, conical
surface on the exterior of the blank extending fromthe base portion to 10
t he nose; forﬁPﬁgeﬁPopéa§9 SRETTEREMRS c142 ngn exeeptidnbandr taAf enéntial |y
around the taperedoaeabhal 194! i 1afvk CxheadLag. | agga% | %1 hEFLET &Qﬁ%exg“d

Vidé a corrugat ed

bl ank opposit

formng a plu

rality of corrugations in the ring to

web. 2. The neéahéd1lgR TR¥ kel dasartidred oapriernggavedi webt h2sgeandal |y

t apered, coni
turns. 20 3.

corrugabed we
continuous ri
corrugated we

el enents. 5. The nEbhogowk Clypesn ©f udowmhoenforsangons 38 aachesedf ml |
the.t ' tt) e nts. 5. thod of Claim4
cugtﬂﬁgggﬁEh%Ed?% gdgkcésnghé c}%gg g T%ysg?egted 35

cuts to form
further conpr
portions of e

10

15

20

25

30

35

EALr3U16AGC 1390 e GHUd WOUSOEL 0 O¥a AugBT 185207 Aate
e method or Claim urther conprisSing fornng the
bxbp middingsmechinggeay rbsatbselizedeto! Hoami cosrugat i

rnto mul't

ng82§24a TE%PQE%@%jl géjain11 further conprising cutting the
Y

e segnents to forma plurality of cutting

I'sIng pryrng aayer hard i
aehisfiatkpgyelferentse 2dith some rotary cone drill bits.

For other types of downhole formations it may be

preferable to interrupt or cut corrugated webs 127a, 128a

and 129%a to form respective cutting elements 146, 148
and 150. For the embodiment of the present invention
shown in FIGURE 4C, corrugated webs 127a, 128a and 129a
have been longitudinally cut to form rows 111, 112 and -
113 of respective cutting elements 146, 148 and 150.
Various milling techniques may be used to cut corrupted
webs 127a, 128a and 129a.

For this embodiment, cutting elements 146, 148 and
150 have approximately the same general configuration.
However, the dimensions and orientation associated with
cutting elements 146, 148 and 150 will vary depending
upon the dimensions associated with respective lands 127,
128 and 129 and respective machining techniques used to
form cutting elements 146, 148 and 150.

FIGURES 5A, 5B and 5C show various steps associated
with machiﬂing blank 90 in accordance with teachings of
the present invention to fabricate machined cutting
structure 120 on exterior surface 104 of cutter cone
assembly 100b. FIGURES 6A, 6B and 6C show various steps
associated with machining blank 90 in accordance with
teachings of the present invention to fabricate machined
cutting structure 130 on exterior surface 104 of cutter
cone assembly 100c. Machined cutting structures 120 and
130 may be formed with lathe turns and plunge cuts in

16
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further conprising: formng a first concentric ring adjacent to the base

portion and extending circunferentially around the general
coni cal sdv?gwggn%nd 5 form ng a second concentric ring ext%ﬁ%ﬁ%ﬁhg&s

circunferentially around the generally tapered, conical surface at a
| ocation internedi ate the base portion and the nose. 10 8. The nethod of
Claim1 furthépbesaptildldy bhe nF3Ee MFNREY 2PrREAVEPYSEY ndesc Hoeht to the

base portion N ' =] d . gen I d.,
coni cal surfa?ﬁcﬁf glre%%r?qzI %%ﬁﬁﬁﬂ%%%ctﬁ?ﬁgggl%%@giggn%ﬁ%é%?épﬁ& n

ci rcunf erent i EIGYRESoPAd t3R 3R}eP@l |y tapered, conical surface at a

| ocation internedi gt éﬁﬁp t} ; rq hird
concentric ring ex?eI‘rél; I ng éﬁ%ﬁ?ﬁr%ﬁfgmﬁgﬁﬂﬁ%‘gt ﬁgﬂge%lée)rg%l{ﬂ% ][a3a-{oer ed,
coni cal 520 sulhdceegdngc eMnNaNEREC Nosry QP langd IJIABULRIMEd Oshaye @0l 08114

PCT! US99] 16765, R el hafh {911 PRAHIACLIEL AR S04 ALY OO0, dribtdui (ghavi ng

at least one support armwth a cutter cone asse ro bl'y nounted
t her eof conprisbong: figst mprcertel poritdnoonland ohe”? shageseddrahk; 5

con cal surf agS BSPEEdtne FHOE Hpacsss IS dn MRS Sednd BT D0 ot
| east one concediipildy dndrextlendrespedct toafexteriatr| sunfacemdiahe tEper ed,
Conicahosurfaigcg@qon and dimensions of first lands 137 and 167 are
selected to correspond with the desired location for
respective first rows 121 and 131 and size of respective
cutting elements 152 and 156. The location and
dimensions of respective second concentric lands 138 and
15 168 are selected in a similar manner to correspond with"
the desired location for respective second rows 122 and
132 and size of their associated cutting elements 154 and
158.
Plunge cutting techniques as previously described
20 with respect to corrugations 141, 142 and 143 as shown in
FIGURE 4B may be satisfactorily used to form corrugated
webs 137a and 138a on the exterior of cutter cone
assembly 100b and corrugated webs 167a and 168a on the
exterior of cutter cone assembly 100C. For the
25 embodiment of the present invention as shown in FIGURES
4B, SB and 6B corrugated webs 127a, 128a, 129a, 137a,
138a, 167a‘and 168a have a generally sinusoidal
coﬁfiguration. For other applications, corrugated webs
with other types of symmetrical and/or asymmetrical
30 configurations may be formed on the exterior of an
associated cutter cone assembly. For the embodiment of
the present invention as shown in FIGURES 4C, 5C and 6C,
the respective cutting elements in each row 111, 112,
113, 121, 122, 131 and 132 have approximately the same

35 size, configuration and orientation. However, for other

17



10 extending radially therefrom formng a plurality of corrugatiaxes2003 t he
| and; and cutting the corrugated |land to formrespective cutting el enents.
15 10. The nethod of Caim9 further conprising: formng at | east two
concent ri cMOM@311dxt endi ng circunferential ly around the tapBFEYSO¥bYIfTal
surface and extending radially therefrom and form ng corrugation having a
general l'y sinusoidal 20 configuration in each land. 11, The nethod of Caim
9 further conPERiiFHRt ¥Usithe Rresent imvent kohceonkd cal bowsceikt Bmgli ng
circunferenti a4 t zTal=Y8 'ﬁﬂﬂi i
radially therg‘lréglﬁe?{ﬁ}q% oéryrﬁﬁng corq%tbjgat | o(r:gA i%%%gﬁﬁ?%.fiﬁgﬁﬁgw%g{lhod
of Claim9 furngspeoris iRy fotit ing tekengiks alh yt heapsamel, rowoni cilso,
surface and t 30Q,.C T .3 Ser | I e t .13 . _The
met hod of C arkﬁn]eQ%fI&'rt er lcdorfrpéﬁs%%%f%? rﬁlégn?%ﬁgg C%J?ltfpulg%tél%%z ]fgrlwtrﬁ%yl and
by a sers es ofaldaunige varised 35 X3¢ eXdnpglNUARY 203t Odi&ddter of the

ayer of har dfES HE st aoa e O fhe WA TORIGS e f L Ul oven:
24 result in modifying the dimensions of the resulting
cutting element. Also, varying the size of the milling
tool used to make each cut in corrugated webs 127a, 128a,

10 129a, 137a, 138a, 167a and 168a will vary the dimensions
the resulting cutting elements.

FIGURE 7 is an enlarged drawing showing a typical
cutting element 152 in first row 121 of cutter cone
assembly 100b. Cutting element 152 includes base 172,

15 interior surface 174, exterior surface 176, crest lié,
leading surface 180 and trailing surface 182. Exterior
surface 176 represents the portion of cutting element 152
located adjacent to wall 28 of borehole 24. Leading
surface 180 represents the first portion of cutting

20 element 152 that initially contacts the downhole
formation at the bottom of borehole 24. Crest 178 is a
generally planar surface with an ess shape or ogee shaped
configuration.

For the embodiment of the present invention as shown

25 in FIGURES 4C, 5C and 6C machine cutting structures 110,
120 and 130 preferably contain cutting elements with an
ogee shapeé configuration similar to crest 178 of cutting
element 152. As a result contact between cutter cone
assemblies 100a, 100b and 100c with the bottom of

30 borehole 24 generates a significantly different pattern
with improved drilling action as compared to previous
rotary cone drill bits.

Interior surface 174 includes first surface 174a and
second surface 174b. Exterior surface 176 also includes

35 first surface 176a and second surface 176b. The

18
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depending upon the type of plunge cutting tool used to
25 form corrugated web 137a, the resulting surfaces 174b and
176b may extend approximately normal from exterior
surface 104. Depending upon the type of lathe cutting
tool and milling tool used to form cutting element 152,
surfaces 174a, 176a, 180 and 182 may extend from exterior
30 surface 104 at an angle of approximately one hundred and
ten degrees (1100).
As a result of forming relatively steep surfaces
174, 176, 180 and 182 extending from exterior surface
104, the area of contact between cutting element 152 and

35 the bottom of borehole 24 represented by crest 178 will
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contact associated with a conventional milled tooth
having approximately the same height and width. As a
result, cutting element 152 has sufficient strength
required for the aggressive cutting profile associated
15 with surfaces 174, 176, 180 and 182 and crest 178.
The service life of machined cutting structures 110,
120 and 130 may be improved by the addition of materials
such as tungsten carbide or other suitable materials to
selected wear areas. The addition of material to
20 selected wear areas of machined cutting structures 100,
120 and 130 is known as "hardfacing." Conventional

methods of applying hardfacing include, for example, in

welding torch application techniques, setting a heat

e

level of the welding torch to accommodate the thickest
25 mass of each cutting element.

Although the present invention and its advantages
have been déscribed in detail, it should be understood
that various changes, substitutions, and alterations can
be made therein without departing from the spirit and

30 scope of the present invention as defined by the appended

claims.
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forming a base portion on the blank;

forming a nose on the blank opposite from the base
portion;

forming a generally tapered, conical surface on the
exterior of the blank extending from the base portion to
the nose;

forming at least one concentric ring extending
circumferentially around the tapered conical surface and
extending radially therefrom; and

forming a plurality of corrugations in the ring to

provide a corrugated web.

2. The method of Claim 1 further comprising
forming the generally tapered, conical surface and the

continuous ring by a series of lathe turns.

3. The method of Claim 1 further comprising
forming the corrugated web by a series of plunge cuts at

selected locations in the continuous ring.

4. The method of Claim 1 further comprising
cutting the corrugated web into multiple segments to form

a plurality of cutting elements.

5. The method of Claim 4 further comprising a
series of mill cuts to form the respective cutting

elements.

6. The method of Claim 4 further comprising
applying a layer of hardfacing material to selected

portions of each cutting element.
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7. The method of Claim 1 further comprising:
forming a first concentric ring adjacent to the base
portion and extending circumferentially around the
generally tapered, conical surface; and
5 forming a second concentric ring extending
circumferentially around the generally tapered, conical
surface at a location intermediate the base portion and

the nose.

10 8. The method of Claim 1 further comprising:
forming a first concentric ring adjacent to the base
portion extending circumferentially around the generally
tapered, conical surface;
forming a second concentric ring extending
15 circumferentially around the generally tapered, conical
surface at a location intermediate the base portion and
the nose; and
forming a third concentric ring extending
circumferentially around the generally tapered, conical

20 surface adjacent to the nose.
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9. A method for manufacturing a rotary cone drill

bit having at least one support arm with a cutter cone
assembly rotatably mounted thereof comprising:
forming a base portion on a cone shaped blank;
5 forming a nose on the cone shaped blank;
forming a generally tapered, conical surface
extending from the base portion to the nose;
forming at least one concentric land extending
circumferentially around the tapered, conical surface and
10 extending radially therefrom;
forming a plurality of corrugations in the land; and
cutting the corrugated land to form respective

cutting elements.

15 10. The method of Claim 9 further comprising:
forming at least two concentric lands extending
circumferentially around the tapered, conical surface and
extending radially therefrom; and
forming corrugation having a generally sinusoidal

20 configuration in each land.

11, The method of Claim 9 further comprising:
forming at least three concentric lands extending
circumferentially around the tapered, conical surface and
25 extending radially therefrom; and

forming corrugations in each land.

12 . The method of Claim 2 further comprising
forming the generally tapered, conical surface and the

30 concentric land by a series of lathe turns.

13 . The method of Claim 9 further comprising
forming the corrugations in the land by a series of
plunge cuts.
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