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cutting function due to the rolling movement of the cutters acting against the formation material.
The cutters roll and slide upon the bottom of the borehole as the bit is rotated, the cutters
thereby engaging and disintegrating the formation material in its path. The rotatable cutters

25 may be described as generally conical in shape and are therefore sometimes referred to as |
rolling cones. The borehole is formed as the gouging and scraping or crushing and chipping
action of the rotary cones remove chips of formation material which are carried upward and out
of the borehole by drilling fluid which is pumped downwardly through the drill pipe and out of
the bit. The drilling fluid carries the chips and cuttings as it flows up and out of the borehole.

30 The earth disintegrating action of the rolling cone cutters is enhanced by providing the
cutters with a plurality of cutter elements. Cutter elements are generally of two types: inserts

formed of a very hard material, such as tungsten carbide, that are press fit into undersized
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tntegrally fornmed from the material of the rolling cone. Bits having
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toward the dmodesmiin pertiquiaebityissighol e. Thus by the tine it reaches the
bottom the bit mRyNAYE PSR nRRERE LY bits ability to "hold gage," meaning its ability to -

25 maintain a full gage borehole diameter over the entire length of the borehole. Gage holding

ability is particularly vital in directional drilling applications which have become increasingly
important. If gage is not maintained at a relatively constant dimension, it becomes more
difficult, and thus more costly, to insert drilling apparatus into the borehole than if the borehole
had a constant diameter. For example, when a new, unworn bit is inserted into an undergage
30 borehole, the new bit will be required to ream the undergage hole as it progresses toward the
bottom of the borehole. Thus, by the time it reaches the bottom, the bit may have experienced a

substantial amount of wear that it would not have experienced had the prior bit been able to
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97/ 38205 PCT/ US97/05948 maintain full gage. This unnecessary wear will
shorten the bit Iife of the newy-inserted bit, thus prematurely requiring
the tine consum ng and expensive process of renmoving the drill string,
replacing the worn bit, and reinstalling another new bit downhole. To
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I deal |y, a crushing or gouging action requires a-tough 1nser one able to
wi t hst and hi @1 sizedoand canfighgd fon pytingdks hpttor eé@# brgcholgiand we tyhigally slempibedgs or
ream ng acti @RerGeW bitted dment@ VEry hard and wear resistant insert. One grade

of cenmented t ungst n. car bi de cannot opti y
Differing forces are applied to the cutter elements by the sidewall than the borehole

bottom. Thus, requiring gage cutter elements to cut both portions of the borehole compromises
25 the cutter design. In general, the cutting action operating on the borehole bottom is typically a
crushing or gouging action, while the cutting action operating on the sidewall is a scraping or
reaming action. Ideally, a crushing or gouging action requires a tough insert, one able to
withstand high impacts and compressive loading, while the scraping or reaming action calls for
a very hard and wear resistant insert. One grade of cemented tungsten carbide cannot optimally
30 perform both of these cutting functions as it cannot be as hard as desired for cutting the sidewall
and, at the same time, as tough as desired for cutting the borehole bottom. Similarly, PCD
grades differ in hardness and toughness and, although PCD coatings are extremely resistant to
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desired for cutting the borehole bottom Simlarly, PCD grades differ in
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invention, the bl'hE n‘% 'ﬁ%@.ﬁmﬁl pRivided @ Vartf Hri 6t Rdvin ?‘%ﬁm&éﬂ{ehtkrlﬂ catpe

unt e In

cutters rotatably on the bit bod¥ he rol g cone. cutter includes
a gener al | yclemet @&Femeétlﬂ"f’ araterialg for LRYTRIZBR POTFROL| COWE $ul: o SUFA FNBFREWS bl y, a

ci rcunf er enplolde HRQPalehtar foTr RFeadike biRIerabilitfNROP amnotaistdritiéd @t Adl gapolasides

groups of first an [e"ﬁ %uttet |l 'eqts that are nounted in separate,
20 radi af ycumpared Fith pmplarbits of caryerugtal PERRO8YThe first cutter el ements have
cutting surfacesz\cﬁérdﬁgfd mstnvmm,Mbethmhdweaslst bady] angr ene op mwoietodingebnen t he

cone cutter l§r s rot%tk@)} on%tbhlb&g' %Héioﬁﬁ?&n@&ﬂneﬁhm AgchbriiBicofittli t i Ng path
havi ng a nost I a stant ({)m nt P, as neasured Lgmthe bit axis. The

second cut t ewfagd, EmﬂtlFF@t I*P&W}fface A P’ﬁfj’aglﬁ'rafcéfﬁ"é‘gewaléhﬁdf'f FEReRbitRal
‘hardness andqRlcftePASH &dhfa&egm@noﬁﬁe%ﬁ@aenm&& EEme tiahat mAmtetd fredeparaest t | ng

surfaces cut alon CO tting path having a nost radially- distant
poi nt P22%s ’%éé%?%u‘“f“f“ﬁﬁ“ﬁ‘ﬁgm‘ﬁ?t axis. The first and second rows are

posi tioned such THeafrsttcater reiohients haveli cotting) evefades ofra tfikse nprhinal dhardgesg gndpare ex ceeds
the radial %Bﬁt&o%@& $ the’ QP LEE sRh thaidirtutifl fdactdeutaidih @ ERNGRinEpath having

a most radially distant point P, as measured from the bit axis. The second cutter elements have

cutting surfaces of a different nominal hardness and are positioned on the cone cutter so that
25 their cutting surfaces cut along a second cutting path having a most radially* distant point P, as
measured from the bit axis. The first and second rows are positioned such that the radial
distance from the bit axis to P, exceeds the radial distahce from the bit axis to P, by a distance D
that is selected such that the first and second cutter elements cooperatively cut the comner of the
borehole, and such that the first cutter elements primarily cut the borehole sidewall and the

30 second cutter elements primarily cut the borehole bottom.
The cutter elements may be hard metal inserts having cutting portions attached to

generally cylindrical base portions which are mounted in the cone cutter, or may comprise steel
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that is selected such that the first and second cutter elenents

+ cooperatively cut the corner of the borehole, and such that the first
cutter elenents primarily cut the borehole sidewall and the 3 o second
cutter elenents primarily cut the borehole bottom The cutter el enents may
be hard metal inserts having cutting portions attached to generally
cylindrical base Qortlons whi ch are nounted in the cone cutter, or may
conprise steel Y2 BBt ed from m nosa 03/ 12/ 1999 09: 04: 57 REAGEIMHMD

97/ 38205 PCT/ US97/ 05948 teeth that are mlled, cast, or otherw se
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of first and %@Ewﬁ@e@m@m W!ﬂethemwtds:}ltter klementsthavirgcugting furfeers thaf aré Aeke

el enents may dp€ga@dhintheZid chitér dSRnsOf material is enhancerrents to further
i nprove bit ROP, durab| Iltél)aand foota e drilled at full 'gage. The

materials for thePtaFHmgge 'F‘P“é"c‘i?g‘eb‘l“ i duty amagg ths seyvs of Brsiand seserdequites| ement s
will be vari ettnems thephiting Zeficed afahdé REmptS may lbby)putﬂ@ai bﬁ%secbﬁhﬁfaaﬁrl stics

of the for g’atehl?agcegn%nnp?o ﬁixrdxetr lugk%owe bnt ﬁ@?tdpat‘?‘ﬂ? t I O % Ut ting surfaces

of the first cutter be Ha é‘agese nd
cutter el erreml%endleéort!b‘: cutting fsuréacestofi dite firfi@nd secantd cctu:t t:lemensl willehetvariet dnd  be

exposed {0 Mepfindlh hARHE blmeih bl dulaerRL of B o o n6RERY 1 B SUPJ ect

to nore wear and abrasion than the second cutter l"Mtenren ly, in
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The hardness and toughness of the cutter elements that are in the rows that cooperate to

cut the borehole comer may be varied by employing differing formulations of cemented
25 tungsten carbide, or by applying a coating of super abrasives (such as PCD or PCBN) having
the appropriate hardness, toughness and thermal stability for the particular application. For
example, where the first cutter elements are gage row cutters and the desired hardness is
obtainable without a coating of super abrasives, a preferred embodiment of the invenﬁon
includes gage row inserts made from cemented tungsten carbide having a hardness greater than
30 or equal to 88.8 HRa, and most preferably at least 90.8 HRa. In instances where the second
cutter elements do not require a coating of super abrasives or where the coating of super

abrasives would not withstand the impact loading of a particular formation or drilling technique,
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t he appropriate hardness, toughness and thermal stability for the

- particular application. For exanple, where the first cutter elenents are
gage row cutters and the desired hardness is obtainable w thout a coating
of super abrasives, a preferred enbodi nent of the invention includes gage
row i nserts ‘'made from cenented tungsten carbi de having a hardness greater
than 30 or equal to 88.8 HRa, and nost preferably at |east 90.8 HRa. In

i nst ances wheva9nsmmes second cutter el enents do not requiRCEUS708a8 | ng of
super abrasives or where the coating of super abrasives would not

wi t hstand t hgefertqaambodirétionig: 1ﬁ)fentﬂ>n pelutlés offigage ciitter eferbantsof egmented thrgstem

t echni que, rinte rom m 4 7 97/ 38205
PCT/ US97/ 05 ""é"‘?ﬁ%}"% sl e “%é %ﬁﬁ%%‘ﬁ’é& ié%?]b\?ye??? izrf?ﬁ&?ﬁ%%“d%g of f - gage
cutter el errentsAoéoam:grranCmiamJP@%N ehothga?“mfdbfa%‘é?\/mﬁgb%apﬁhﬁddﬁé’% Hot greater

than 88.8 I £19tan@s&atdeunt ety adtreiRRd of\d&Ratld ag of PCD
and PCBN or %mgg%gﬁn%{saﬁésﬁ ve aﬁay be_applied to varpé‘at he,. hardness and

t oughness of’aﬂpvﬁeforl’r‘#ﬂsﬂs andgdrdingoteehnighiest eF"’e YRy Whert pragt [03dIRg 1§ ™%} esi r abl e
for 5 vari gQusil@ iHeRiveRids indladts Clitted didnitts havingaiPGDesatinglaving xpavplags, grasmer e

i npact |l oading is not ex Si Vv, ventio rrents.
hgel ng a PC{‘Fg’EPétgFeﬁij" W&R/?ﬁg "&l{/g&; wﬂm sa%mr‘{e zél‘*"!zzlgal‘n %am?'ggnt rge¢+1an 25 ?m

Such PCD coathéngs \Mwesmérrdbmmdsm @ppﬂ |audafeﬂSd’t*F but vgmgen%wd t@ekneesit s. \Wer e

super abr as Ysired 3 QG5 uttg%leﬁ'{glq AhdieSsignftidint WRRE 6f boR6h 8818 BkidgOmghness is
requi red, sIf@H™&s T n cutt ene ts experiencing significant \m%ﬁee of

bott om hod eingentibn ingjudes pnter edemierit with 3 RyP f%@}s@a‘é@ R YGSF SR SEEHFLT W h 2 PCD
coating havhig,an average grain size greater than 25 ?m Thus, the present

i nvention conprises a conbjnation of feat ures a t enabl e
it to substanti aihbs hdEsRERVPHY GPPITS ’bf‘}m P °Egea eg‘?@g% P%%Faci ng

gage and neggab@Xge subEtﬁMﬁl]}Oifdvmui thedrilcbieare rBysstrstchanoaplaqmge@eé)p@r aftgP vely cut

e bor ohol ¢ Coper. . SBNAREHAFRE coRiylely el xopa-hasings o || od al

full gage mBMS15e° acement of the cutter elenents
permts the daubility agl fhorape diilted abfhll gege may @rac'@?"é‘i're[ﬁtmﬂi tisplrcrmegt oftheSUlATf f o ent
fons 1o be c@ﬁ%@&%m{}ﬂé LGl FHElﬁ&Mgg ke cembr Gt wmmednﬁ&remmnraales t hat
are best suited for the part| ul ar cu

experi ence. em@psd fthes thropeh th %"&%er#gxﬁﬁ?g geé%g%'r Jﬁ:ﬁlﬁ&%%“rl&gwll
greater lrrpmvceﬁaeretembrn vﬁlllb:tpé:ﬁen&l efueininatenal mhandnmhtmvvmetommfm il and ROP
potential. These and depeﬁaﬁ&tlﬁ@&dmnﬁﬁaﬁﬁxb%aﬁépﬁdﬁéﬂ@ﬁd@éaﬁes of the

present i nv@ﬁ?‘lﬂo’ﬁ‘p{&”‘fﬁfmﬁn Y apparent to ose ed in the art
upon r eadb nyaftdueothelchapasterigficelad aﬁwa@egea@féb,wﬁw Bijengpn ‘f’ﬂ péppagegt to

embodi ment S | E%E;g' V&L Gt Adon Egmerﬁﬁ&mg degailed désbﬂmacobmmyfm'ag
dr awi ngs. CRI PTION OF TH NGS
embodxments of the invention, and by referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
For an introduction to the detailed description of the preferred embodiments of the -
25 invention, reference will now be made to the accompanying drawings, wherein:

Figure 1 is a perspective view of an earth-boring bit made in accordance with the

principles of the present invention;
Figure 2 is a partial section view taken through one leg and one rolling cone cutter of the

bit shown in Figure 1;
3o Figure 3 is a perspective view of one cutter of the bit of Figure 1,
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For an introduction to the detail ed description of the preferred

enbodi nents of the 25 invention, reference wll now be nade to the
acconpanyi ng drawi ngs, wherein: Figure 1 is a perspective view of an
earth-boring bit made in accordance with the principles of the present
invention; Figure 2 is a partial section view taken through one | eg and one
rolling cone CULS Sl the bit shown in Figure 1; 30 Figure 3 is a

per spective view o ne cutter of the bit of Figure 1; 6FCPUSHO®MB from

m nosa 03/12/1999_09: 04: 57 page -8 97/.38205 PCT/US97/05948 Figure 4 is
a enlarged view, D&FEAdf Iaf“ﬁfﬁeﬁr”b’%’s??%"é't’|"bﬁ'°ssc§F°“a“’;ﬂ§rat?°6l*?“d1f theneuttngt t i ng
structure of striveurcaflitieentted kWA in Figukds  UAEE aitl shevwingXhe @il PliaWasd by Bmigut t 1 N9
pat hs traced f t . elenments nounted on that cutter;
Figure 5is é’%’?g‘\ﬁv{e’;?&rﬁ'}rmgo QEFE%%%%’ showi ng an alternative enbodi nent of
the 5 inventi on;Figrgdrie apvi¢ws similigate thigwre ¢ shesingsancaliemative embeliment ofitteet  of
prior art gol,,we,g}gncone cutters (shown in rotated profile) and the cutter
el ements attached_thereto; Fi gure 7 is an_enlarged cross sectional view of
a portion of the Fd%Pc“E?ﬁépé‘f‘?ltﬁ@fslﬁcé‘°’@|“"?‘héfaSﬁ‘r%@’&ﬁ@”&ﬂ@?@ﬁ“@ﬁdﬁh@%n Fi gure
6 and showi ngnbfakd prafike) dag the adtlseldnieas athcHoy theof @i N of the cutter i o

el ements; Figure el evational view of a rolling cone cutter
showi ng still anohtsﬁmwlsfﬁte’él’rﬁgdt?v%sc&%ﬂmeﬁrﬁ? p?ff'm’t?{éheicHW%i“i“EWF ofthgure 9 i s
a Ccross sect ipgerart cytteeshoph iraFipwe 6 reirsho¥ing tbé bitting patheyescaily teertainsdT @siciger anot her
alternatiye euhadiment of the invention; 15 Figure 10 is a perspective view
of a steel tooth cCutter showi ng an alternatlve enbodi nent of the present

i nvention;. Fi guridsue 8iisa patidd elexgtigeali view of 9-relling rFanp shttey stowingi still lasather 0 Fi gur e
4, show ng aamahv%b&{unerkbﬁhﬁmehﬁdﬂg structure of the steel tooth cutter
shown in Figure ' 12 i.s awewmml&ato Fi ure 4 show ng anot her

ﬁ;ol' F% gurcr ect
alternative embodiPHEht SdfTehErctony view, o RoBiR oFfoljing gong & “‘?eés*‘&“’\?ﬁé{ﬁ‘%"fm lar to
Fi gure 4 showiergtigreotbbdimend bfitherimeeptione enbodi nent of the invention. DETAI LED

DESCRI PTI QN OF TWB%EB@%W%Wa steel tooth cutter showing an alternative

- embodiment of the present invention;

Figure 11 is an enlarged cross-sectional view similar to Figure 4, showing a portion of
the cutting structure of the steel tooth cutter shown in Figure 10;
Figure 12 is a view similar to Figure 4 showing another alternative embodiment of the
20 invention;
Figure 13 is a view similar to Figure 4 showing another alternative embodiment of the
invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring first to Figure 1, an earth-boring bit 10 made in accordance with the present
25 . invention includes a central axis 11 and a bit body 12 having a threaded section 13 on its upper
end for securing the bit to the drill string (not shown). Bit 10 has a predetermined gage
diameter as defined by three rolling cone cutters 14, 15, 16 rotatably mounted on bearing shafts
that depend from the bit body 12. Bit body 12 is composed of three sections or legs 19 (two
shown in Figure 1) that are welded together to form bit body 12. Bit 10 further includes a
30 plurality of nozzles 18 that are provided for directing drilling fluid toward the bottom of the
borehole and around cutters 14-16. Bit 10 further includes lubricant reservoirs 17 that supply
lubricant to the bearings of each of the cutters.
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Referring first to Figure 1, an earth-boring bit 10 made in accordance with
- the present 25 invention includes a central axis 11 and a bit body 12
havi ng a threaded section 13 on its upper end for securing the bit to the
drill string (not shown). Bit 10 has a predeterm ned gage dianeter as
defined by three rolling cone cutters 14, 15, 16 rotatably nounted on
bearing shafts that depend fromthe bit body 12. Bit body 12 is conposed
of three sectwosssms | egs 19 (two shown in Figure 1) t IPETUSY7@5%R| ded
together to formbit body 12. Bit 10 further includes a 30 plurality of
nozzl es 18 t hat Rafeinphdwiodeghrd in @hjnmton with Kigurd 1, iear citteu ] 41 & ipvaatablyt he bottom
of the boreho and aroun FUt

| ubri cant r'E%"é“%??%mT?m’frﬁa w"}t‘aqr&m%fm%ﬁl ggh’%ené%d ﬁE&nﬁgﬁﬂ%l %?Seach of
the cut t er Sinwakdly Rsviant thelcehtenofitiv mﬁllorz/ﬂm/lmeddmme Waﬁébreuwwm 97/ 38205

PCTI US97/ 05948 %XEL%J bt irdQited @roGLHOMY rerfal phdSagE@iy] (HEGhdva) 1hhdeiggur e 1,
each cutt er?*48*

rotatabwy m)unted on aﬁgﬁ bhfﬁrnal éo th an axis
of rot at isor(Fizgreohi dineneuster Helfels AL SFRITRARIGMY 24 8y PV t Owl d t he
center of2 4t Q\Aﬁommfﬂxﬂnl ,Iaalalg.mlimgmits&rqmmdbj mrhirrbtahmsg&rwamgstmm?ght fluid
passage ere i ircul ate no

shown) to n%)‘zai‘fié‘g“sigl“%ﬁﬂ—“f“éﬁ% Ve ?%Q,Qt E}@%%&?ﬂmﬁé%@ﬁ?ggﬁﬁu secur ed
on pin 20 byayocballylbe appliadis aZction b\eatﬂméblt dmtvdlulinsianess. tBheonss, l“arlaﬁdlﬁa‘l"° d axi al

thrust are absorfied, B JAhaE cEdEdgkrs28: 1n30n dibridiing WRsHAion biddngand 1 fr st

pl ug 32; hoWeva Heimvention is not limted.to use in roll er bearlng
bit, butio rmys, qmunwtbeswpkﬂdlf@a*ﬁewwa"lePc"f"i brpringz By PRAFFAHS @"“ i filtee

i nst ances, %Pﬁ-@sf@ﬁolanlﬁ , Thé fub¥iEus] ldseaiaemﬂmumbgammexcmdmaymmmwbxout rol | er
beari ngs 28 30

both roller beari ng
| ubri cant nﬁy‘“‘%seéluﬁplmdmfep‘ﬂﬁfﬁp‘ﬁ? yv% g q Sl?%éﬁgéaoﬁ?%lg&ggég arepar at us
that is om B&n@ﬂh serscmmﬁﬁgu@ar ®sfefriog stiflltaFigures. 1 afh epahisutier Hhi6 m@ al ed and

drilling fluid, exclud 2 Opart AR Alce 48] Cifters Thes brasghol e
created by Bt k%ﬁ f‘drjlc%“espgmog ﬁglrme I,apcor ner paocrtl on %Eand bottom 7, best

shown i mFi ipoiuds 2frusRednisal jurface 6 ithat is pdapied o pain cuterglements tELacPe OR PR 14- 16
i ncludes  aghagkfMe6r d0rRidicROGReP V416 BRrcABous a berehokibandm. f Froscoaickf ace 40.

Cutters 14-16 further icl ude a,fiusto i s adapt ed
to retain ctirfeesd4 e"r"EH%W?ege‘{]'ﬁé‘F’e@@?Qe ehefs)lr "?%E%F%ﬁéwlﬂg%ﬂf} u&dg%c’d

bor ehol e as hewdvtSthat tHekarhbsurfateatay babrmﬂlmtswertféltoeﬂ’m’lﬂ@fsb‘b@w ahes ll"’r Gé&eoconl cal

surface 44 w ‘f’h ‘tbf referreu e;_o herein as the "heel" surface of cutters
14-16, it b&RE UA

Fahne s however, that the same surzm_ic %@J
sonet i meso r ef er rExtentiiog beywast hesk syrface 44 #nd nase 42 15 & eqoprally-conigal surtace; of a

rol1ing ConguCudig ol BihATAGoie bneran thaichaieibdnd bdnand: nose 42 i s a
generally conic

dapt e t t hat
gouge or cr geHe tané‘? %r gfiﬁe??é bc?ﬂ“’c% rﬁ"%“ﬁs4%[Wé°aH’p?nr‘:fudeQ91 @%ﬂﬁrdeémQ > tha

frustoconical segments 48 generally referred to as "lands" which are employed to support and
secure the cutter elements as described in more detail below. Grooves 49 are formed in cone

25 surface 46 between adjacent lands 48. Frustoconical heel surface 44 and conical surface 46
converge in a circumferential edge or shoulder 50. Although referred to herein as an "edge" or
"shoulder," it should be understood that shoulder 50 may be contoured, such as a radius, to
various degrees such that shoulder 50 will define a contoured zone of convergence between
frustoconical heel surface 44 and the conical surface 46.

30 In the embodiment of the invention shown in Figures 1 and 2, each cutter 14-16 includes
a plurality of wear resistant inserts 60, 70, 80 that include generally cylindrical base portions

that are secured by interference fit into mating sockets drilled into the lands of the cone cutter,
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rotate about the borehole. Conical surface 46 typically includes a

" plurality of generally frustoconical segnents 48 generally referred to as
"l ands" which are enployed to support and secure the cutter elenments as
described in nore detail below G ooves 49 are forned in cone 2s surface 46
bet ween adj acent |ands 48. Frustoconical heel surface 44 and coni cal
surface 46 converge in a circunferential edge or shoul der 50. Although
referred to heMI¥™#8 an "edge" or “"shoulder," it shoul dPEBUSKHEsessSt 00d

t hat shoul der 50 may be contoured, such as a radius, to various degrees
such that sho#idgufingpyrigns thatestcopnected te Histbats Perions grbthas fextensrherond e swfabe t ween

frust oconi cal of e kon WidtsAC erhé/&utﬁﬁgdpdnm :me&akmﬂgr Juﬂfce tHeP extéfds '7Omt dafe

enbodi nent of u’:?l; |4‘? gg ?I?Fp ?@h cutter 14-16

i ncludes a pf 3 ‘1‘%5’3% ?’E&?"s’{‘% f°§t ‘BYf““"f‘d‘" #understood wigh ude
general |y cyl refechneecml orsameh pwiet il 4 ndnest Ivatlé ehemg siadlanyg chithgugh mbehdcessmce it
into mating @ﬁ}{%@ ngdga}ggd into the lands of the cone cutter, 8 Printed
fromm m)sa 03/12/'19 04: 57 page -10 WO 97/ 38205 PCT/ US97/ 05948 and
cutting portions tOaes cultere 14 inghidast 2 plurabity tdf hedd orow ipsontst G that ama cheduredtineaxt end

beyond the sugfcatfrentil rdwW60CGRMR Fidlobditcal l;';gesuﬁi&ttthn%ugarlw el ﬂﬁiuﬂges a
cutting surface t atulaﬁxtends fromcone surfaces 44, for cutting

formati on rat BFrBierental pow,0a obgage InsRRs AQ segiyed o cptteh &4 WHGF@P@‘PG'@EB Qiney the
reference to dmemfersatal shatldee 50.1dytter Dinfashel McludeS a Plafahig oSinﬁlr|r6W in¥erts 8b,tgaough not
necessari |y & BHRBILEB N subBld Bl aRhucd R URe Ul Shnel ok BT ¥1CR3 plurality
of heel row inderts at are secured in R é’?rcu % 'I S’Oaln
t he frust ocon'ie%Pa‘P“VﬁbeRehS‘(fﬁ prgeser hads 7@ (hestshowndn Figure Bleare ﬂomrh alhesgage cutter
circunferenti aémaafaWo YOOQSIQfm R15@End AKAS 46 meﬁ&&wdeo@ 09.: &greh gjmfs

Tﬁ further

| ocations al on& near._ the. circunferential shoul
i ncl udes a pl'Afas ‘?(’[%?“%Qfllylﬁﬁ‘ﬁ‘éi“ ¢ 5TPG M@ the bé?(?h°'B§d°W1'b5 tpmaingzin %‘ébﬂ?‘@b to cone

surface 46 arufiirgagemgéprevent eﬁcﬁﬁﬁaﬁh aaﬁaﬁdofmm@ifadeawscﬁﬁaelen&i@m &Zand s%3a
respectively. I or ds, 78 sho in ure re

f or med abgltj't °5§%§J @&?? gzeab amnefng oy ‘fnglaép% ues #ft Wfl ‘H’%ﬁ‘Pﬂ gidl 70, As
under st ood byfranhibekorehRle béttoph 7. dnnetrows 80a.t81a, B2ae83a ﬂemsacmnﬁﬁba@énecmbd M

function to %Wto%terfemm%nb%ﬁmle@ch%ﬂﬂgxmér%o \}tﬁgﬁ jptain the borehol e
at full gage and prevent erosion and abrasion o N sur ‘ace 44. Cutter

el ements 81, 82 affdisiymis Figures |rfe the Rotfered placemsntof mgcustercelements APcig a
primarily to ;gﬁiﬂgfhlcﬁ@d:rdhﬁt&)?ﬁ&al f;mma"&tsoommmb@tmgado(?u&mnangéaeu boy¢ ﬁm,lf% bot t Om
7. I nner raows a, 83a ar,r S ed.on cutter

as not to ?ntdé‘rg‘%%rb ré’ervw %?'1 gnang | n"é"&rg%ws Sgﬁg ‘geéé'ﬁer}d'f”{)ﬁ@y lbef"h"er‘r%&?ﬂ%“%ut ter s
15, 16. As swnhamﬁﬁhgdmm fluid4 abitity éo qicas fhe insetdl apl ta eshebet forofhtiqpahips mdt t er

el ements 70 iGuiflgs pmeeﬁ gmce% <fl&:£ 'u{equ%%;emé SR v Bge griligeaTOUNt 1 NG

positi on enhances bit s abi
by placing gage cutter elements 70 along shoulder 50, many of the substantial benefits of the

present invention may be achieved where gage inserts 70 are positioned adjacent to

25 circumferential shoulder 50, on either conical surface 46 (Figure 9) or on heel surface 44
(Figure 5) . For bits having gage cutter elements 70 positioned adjacent to shoulder 50, the
precise distance of gage cutter elements 70 to shoulder 50 will generally vary with bit size: the
larger the bit, the larger the distance can be between shoulder 50 and cutter element 70 while
still providing the desired division of comer cutting duty between cutter elements 70 and 80.

30 The benefits of the invention diminish, however, if gage cutter elements are positioned too far
from shoulder 50, particularly when placed on heel surface 44. The distance between shouldef

50 to cutter elements 70 is measured from shoulder 50 to the nearest edge of the gage cutter
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20 divide coner cutter duty anong inserts 70 and 80 as described nore fully
below. This position al so enhances the drilling fluid' s ability to clean
the inserts and to wash the formation chips and cuttings past heel surface
44 towards the top of the borehole. Despite the advantage provided by

pl aci ng gage cutter elenents 70 al ong shoul der 50, many of the substanti al
benefits of the present invention may be achi eved where gage inserts 70
are positionesoatismsent to 25 circunferential shoul der S&T/USIr/08948 her

conical surface 46 (Figure 9) or on heel surface 44 (Figure 5) . For bits
havi ng gageeighidnt 20, tRldenRi rsreéttad 0% I'd" iaoshedn mdjmmeen & 5 FhehowsadereBle t he

preci se distance of gage cutter e " " C eneral | y
‘Se[scrgale ihg moxnting p?sé"{lroa 8{ cul ’t% gﬁ%?{mﬁogﬁ é tn?tg ?}gﬂfdlﬁ%@, meg&n\/\‘a&&;c&

vary with b rger the distance can be

bet ween shosHalil@rears6n ahglderut0t @ronesftbamsyrface7¢p Qirt4| withinsthe ranees sk Hgthe he
desired div%ﬁb%g g£bporner cutting duty between cutter elenments 70 and 80.
30 The benefits ®f the invention di m ni sh, however, if gage cutter elenents
are positioned too far from shoul der 50, particularly when placed on heel
surface 44. The di stance between shoulfdsel 50 to cutter elenents 70 is _
measured from shoul der 50 to the nearest edge of the gage cutter 9 Printed
from m nmosa 03/ 12/ 1999 09: 04: 57 page -11 WO 97/ 38205 PCT/ US97/ 05948

el emrent 70, i 5.
Thus, as usfed herein to descr|be the mounting pdsitF¥f #%l|enent s
70 relativelto shgubiete50, t he bRiante'fraeljShamlei 50  |ShaAlbngHearsucixceghouljder 50

or on eithef surface 46 or 44 W thin.the ran et forth in the fdllow ng
table: 5 Taple | Bis {14 fronwsﬁgﬁFagEmgg%n%§§ i anet er© hés!zance f nfjlom
Shoul der 50|Atorg ;%gi Surface| 44 BD",,pT Nches) |Arong Supgpce 46 (ijnches)

. < . A
(inches) BO5 7 .1 <660 7<BP510 .180°.090 10 |< BD :5 15 .250 .130 BD >
15 . 300 . 15p— Tt ygﬂg;ng)oetmean heer Txgerts 60,[ gage I ngggts 70 arfd inner

TSP BES

row i nsertsj 80-83 t io|lshown in Figure 2 which al so depicts |t he
bor ehol e f ofed béEP%§ 10" as T Progressgs through the fqgggmation erial.
5 g : (
T

Figure 2 alpo sho utting profiles of inserfts 60, 70, 80 as vilewed in
rotated profTtT, Wth {he cuttifg profilejs of thegutter eljrents
shown rotatfpd intoa single

The spacing between heel inserts 60, gage inserts 70 and inner row inserts 80-83, is best
10 shown in Figure 2 which also depicts the borehole formed by bit 10 as it progresses through the
formation material. Figure 2 also shows the cutting profiles of inserts 60, 70, 80 as viewed in
rotated profile, that is with the cutting profiles of the cutter elements shown rotated into a single
plane. The rotated cutting profiles and cutting position of inner row inserts 817, 822, inserts that
are mounted and positioned on cones 15, 16 to cut formation material between inserts 81, 82 of
15 cone cutter 14, are also shown in phantom. Gage inserts 70 are positioned such that their
cutting surfaces cut to full gage diameter, while the cutting surfaces of off-gage inserts 80 are
strategically positioned off-gage. Due to this positioning of the cutting surfaces of gage inserts
70 and first inner row inserts 80 in relative close proximity, it can be seen that gage inserts 70

cut primarily against sidewall 5 while inserts 80 cut primarily against the borehole bottom 7.
20 The cutting paths taken by heel row inserts 60, gage row inserts 70 and the first inner
row inserts 80 are shown in more detail in Figure 4. Referring to Figures 2 and 4, each cutter

element 60, 70, 80 will cut formation material as cone 14 is rotated about its axis 22. As bit 10

10
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pl ane. The rotated cutting profiles and cutting position of inner row
“inserts 81?, 827, inserts that are nounted and positioned on cones 15, 16
fo cut formation material between inserts 81, 82 of 15 cone cutter 14, are
al so shown in phantom Gage inserts 70 are positioned such that their
cutting surfaces cut to full gage dianeter, while the cutting surfaces of

of f-gage inserts 80 are strategically p03|t|oned of f-gage. Due to this

posi ti oni ng of ‘?‘hg P8 ¢ ng surfaces of gage inserts 70 akfTV$%8¥4§ nner row
inserts 80 in relative close proximty, it can be seen that gage inserts 70
cut pri mari | ydesesadsifurtheninigahpefpimation ghrtqrial, the susting patBtraced: by gntterseiOi 10y 8Gumay nst  t he

bor ehol e bot t G aeficte@ s ol fesCotlclv@D 1P pdribGIat AeQMoW nsBRBD WilPWh biBSELIG 0. gage
row i nserts 70 and the %Owétc inner row inserts 80 are shown 1n nore detail

in Figure 4. F&f E’P"’r‘f‘?’?@s BhloRs cuveifgand cutter elements 80 of firstipnerpon: 80g will 70, 80
will cut fornat klong cupieS6i Als sivovndo Rigurd 4, duve 176 traded bly gdgeuisera T0Sex@¥dsTurthér AS bi t

10 10 Printe 1. : 9 2
PCT/ US97/ o§94§"’j1 g‘g@c‘g’]‘ﬁg@s ﬁfg‘% i& %Ve égﬁ““"é %’s s oyt “é‘?ﬁ“f“e"‘%ﬁ glE\}“utu ng
pat hs traced B9t adiaily distagiOpoiny Qn c@®e Aqys mb?émetb@vmtbédxiasllas glentified a0P,. cur ves.

I'n particul arpichagl mmxs%tuaw&ﬁanﬁsbmﬁém&tsklsadembwVﬂs&ﬁm @9&. wowW
inserts 70 will cut al ong curve 76; and cutter el emeht's 80 of ‘fIrst’ inner

row 80a wil | asé’l'}tm&“iﬁ@seﬁ thrapeh the formation jmatsrialits fomp dferborehole, dher firet imrer rowaced by

gage insert Tateeleaietls 80 U6 hdl@kterd rhdiONak e ink the hdiord ds dafd M4k 78) THQAN curve
86 traced byflr nmost radial |y distant

row cutter e :
poi nt on cur VBSIP °5§“‘W§'3§ ffrgé\{(lj B38F P 40 g%fsémi’f[ 9% I’?(f"d’é q tpiapgsitpg tha is
Li kewi se, €"offegage" bp dipsddbtyrmitied tistadce PO Driteing theodiffevenceSin radinl ditame @etwban P2 . As
curves 76, 86p o PVand P 3s MdabureiGroRbAGkiEFSES through the formation material to
formthe borehole,' thé first inner row cutter el ements 80 do not extend
radial |y as far i A Bdemieod by these palled insthepik desigaias bits, 77 BageTime! is commanlyst ead of

extending to mtdyecgagaeslgnmfoteﬁsu&%aoi bif tade in dcw?&ﬁcert&é’\baﬁﬂﬂla:@é&SMllth a
position that " of f di stance_ D, el ng the

by a predeterm ne
di f f er ence”®i nther ?i’a‘f‘g‘?d hejeg ‘?‘g?ﬁ‘é %%et %QE%FP”ep‘BiaﬁP'Epi‘t’f mafhempatisal an‘llfé'a%ﬂ’lh’ég from
b|t axis 11. basdupaehshiacothesp! bindswetes fourabogleand joemal bifse) takebaditgomg bits, a
'gage curve” it ofPETRR! hocieRARAIO NS el ShPihbef indfRftnal!sPact AR pBick M ikec? DIt

made in accordance to a particu esign w gcrtied hol e
di anet er. Theoikgato @ tye dmpnsiopal pigpiyhich captaipsethaipireal centerlingrends passlleltptheh, based

upon the par amkier Thedbe dfitte ghliciies Qéatly himplifRadhe BEkkign pradasi ab @mo%hmgig‘es et,
takes all the t w il t he ég cLlfled le size ocatedln

three di néfsiV ﬁ'ﬁ? g?b"&ff‘& Eaﬁﬁﬂ“’b"t’yolf’célﬂj o RR °ﬂﬂ|s?f’f"s“"i“ﬂ’t‘6eaé}e't‘9\ﬁls‘&?%n5| onal
pl ane whi ch Cltwgagengvd, hevevashodd notigrbefhded with heichtting palasfahy mdiviteal éerg bi t

axis. The Useeleﬁfemap&s% “Mﬁ greatly sinplifies the bit design process
as it allows t age 20 cutt g elenents to be accurately located in two

di mensi onal spaceAvitien of gageasyecto of §it\lP dy depiptedin Figure 4. As shown, the cutting
surface of off-gage cutter 80 is spaced radially inward from gage curve 90 by distance D’, D’

25 being the shortest distance between gage curve 90 and the cutting surface of off-gage cutter
element 80. Given the relationship between cutting paths 76, 86 described above, in which the
outer most point P,, P, are separated by a radial distance D, D’ will be equal to D. Accordingly,
the first inner row of cutter elements 80 may be described as "off-gage," both with respect to the
gage curve 90 and with respect to the cutting path 76 of gage cutter elements 70.  As known

30 to those skilled in the art, the American Petroleum Institute (API) sets standard tolerances for bit
diameters, tolerances that vary depending on the size of the bit. The term "off gage" as used

herein to describe inner row cutter elements 80 refers to the difference in distance that cutter
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The gage curve, however, should not be confused with the cutting path of
any. individual cutting elenent as described previously. A portion of gage
curve 90 of bit 10 is depicted in Figure 4. As shown, the cutting surface
of off-gage cutter 80 is spaced radially inward from gage curve 90 by
distance D, D 25 being the shortest distance between gage curve 90 and
the cutting surface' of off-gage cutter elenent 80. G ven the relationship
bet ween cuttiwgopmedss 76, 86 descri bed above, in which tR¢E/USEHISME npsSt
point P" P2 are separated by a radial distance D, D wll be equal to D.
Accor di ngl Y, elenteht® 76 inti B0 rddﬁnyaéxtdmwmxhe forhatian (aedesribet o @) amdenpt toevheibercr i bed as

"of f-gage,"” both with r - £ ct to the
cutting pat fF 7% °B¥er g5 %sgﬁtc tur elmem‘l At q@%“%#?ﬁ%&?ﬁﬂggeﬂ&mﬁ%s?ﬂ%kl lled in
the art, t hes, Aasrmrgnmnzd:’et myleamprcordaned with the gyt jnveniion, cyites slgments §00f@r ances
for bit %tl&'éxstpwt@lx ﬁa@gg%?f gragé‘twdﬁq'Es}fecd%%%bdduﬂ& Rhetith €0, BuZ Raydiint he bit.

The term" fg as used gin to descri 02 row o utt@r a?ll ement s
80 ref er s 5t extehdfay¢npyghrigp the f?’Wa‘&“ét‘%ﬁE“éc‘{“ﬁﬂe’“&?}f? of nngx rop 80 wald fall; 1\ i hpsa
03/ 12/1999 Q%aﬂﬂmémQaaméstoM&@éng@esorRﬁmgmmeaaweveihamnmeﬂo and 80

radially extend into ) fion (as. deseribed ab o whet her
or not cutté‘e"@P‘éPrQeH?‘gd%"O gﬁf% aéﬁeméﬁélﬁ 'Bger%% gfvtﬁé“ﬁ{glla&é’sr}% Bi't% on for
bei ng on gagattinglpath takiers by fgege iasegs I&n Is impe m&mmwmerescebmaam@ow th the

pr esgnt I nvention cuﬂ'é%léxﬁe'ﬁts%b ractels '%ff?&e‘oécas lﬁ:remfdeﬁrkh) Wil 3RS fall BYksi&ORe APy be "of f
gage" with respect ge cutter elenents 70, but may still 5 extend far

enough i o tblh@ncbbﬂonthqzlmbz‘:d@ﬁe‘?rhat cutter eI enents 80 of inner row 80a
woul d fall W t hippedile agdil tf Pllgﬁ'és'im(hﬁdi 4f @ris bﬁdmgthﬂr‘cugﬁgﬁenieﬁﬂs Tohaid &)i ven bit
size. Nevertheless, cutier e|ene g g% fi bele"loff g,a,gsms ?ﬁ 8% t termis
used her ei n GEREEAYYRY gRerafeHg ot '?ee‘f%ﬂ i FS"D' Prgic, Y PG pat i faken by
gage i nsert Sattfék thd bdrehslé Botfoine Mearnwhile, bedb e insertstcd sqnﬁvmhxem the sidewapof thehowever ,

cutter el egq%tﬁ%olg%g ?exa't%mnaxqoecomq {uttﬂ : ﬁ% bbcdie bﬁtﬁ@*eﬁu@ﬁf g€ Bibtaiyte kilar RSO fal |

outside th erances tor given bit dianeter. Ref err| ng again
to Fi gures Zromrigkerts 6( dre Separstid fpm (2ARSL IOV msF"ér"Oel‘%‘H%rﬂeg‘e’f‘B 79 Apd Fpmay be

cooper ati vel ue0DAE & Rindal cGML dellQurb QA Mt tﬂi:y%rkhhﬁudaﬁ)&ebﬁﬂemo sthnila@oisiner r ow
inserts 81, 82, 83 attack t e borehﬁ B ttom I\/E V\Qma%nmgtgmlrégwlnserts
60 scrape orCu BabPrERale COMER AffeF EleAgts; ofr m no come
cutting dut Ypobﬁﬁﬁhgﬁﬁeudﬁteﬁdbecmbﬁmbmmﬂmegﬂlpeh tbtt namt@ntoﬁmlhwsé’élblt 1% r ow

I nserts 60 aé\?tg? elgxaen?stﬁ)dSJ arglaug@(gge 518 Fdxéﬂéc?ﬁ'&ﬁwﬂ? arSohbithes GLfEARNG 35 70 and

80 may be 0 as primar tructures in that they work in
uni son orzcotse@ndary’ gummmerdw Ieygag%fﬂﬁﬂaﬂqvé“aff&?lé’ﬂ’dlagﬂemfw ettty
el enents 70 g.% bdn&@&h engaging the formati on mat erial and perform ng

their intend cutting function imediately u 6he|n|t|at gf drilling
by bit 10. As prevxously mentioned, gage row cutter elem ts 70 may be position on

surface 44 according to the invention, such an arrangement being shown in Figure 5 where the
cutting paths traced by cutter elements 60, 70, 80 are depicted as previously described with

25 reference to Figure 4. Like the arrangement shown in Figure 4, the cutter elements 80 extend to
a position that is off-gage by a distance D, and the borehole corner cutting duty is divided
among the gage cutter elements 70 and inner row cutter elements 80. Although in this
embodiment gage row cutter elements 70 are located on the heel surface, heel row inserts 60 are
still too far away to assist in the corner cutting duty.

30 Referring to Figures 6 and 7, a typical prior art bit 110 is shown to have gage row inserts
100, heel row inserts 102 and inner row inserts 103, 104, 105. By contrast to the present

invention, such conventional bits have typically employed cone cutters having a single row of
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Cutter elenments 70, 80 are thus to be distinguished fromwhat are sonetines
referred to as 20 "secondary" cutting structures which engage formation
material only after other cutter elenments have becone worn. As previously
mentioned, gage row cutter elenents 70 may be positioned on heel surface
44 according to the invention, such an arrangenent being shown in Figure 5
where the cutti ng aths traced by cutter elenents 60, 70, 80 are depicted
as previously Ped with 25 reference to Figure 4. Li Reruswosassr angenent
shown in Figure 4, the cutter elenents 80 extend to a position that is
of f - gage by acuiferstlements rositignadion gage. o rus ths|berekals qomer. cGage iinsertsde,yas meill ds vi ded
among the gagmn&uév REen€h@IRBLE gékaA) tholrMa%h HeQBhiGH bdtein sﬁllfa%gﬁmﬁu@[?een
Al though in this n@ d| rrent age row cutter elements 70 are | ocated on the
L aptpeongel jrties

heel surface, ¢ 4y i this pgrpeagnt. fifgeeerey e de0 i n t he
comer cutt i ngarelegyired ﬁ&uﬂhé buretiolkgorha withg aeySsighifieantlassistarde fryrP bedtheP iy ar t

bit 110 is sh v, a 0 heel r.ow inserts 102 and

i nner row i nsgmt;]es %ﬁ%‘& ﬁ?ﬁ' QE@EQWB;MC?JE czrme‘c{%%' B%t'“ﬁlémw "é?&@amm?&?m on,
such convent i ®fptartpltdistanesvigom g8t mrﬂsyo%npltbyedtmﬁaeavwm be shlda\assisg il Si ngl e
row of 12 Priuaing thefbbrahBid GorHes aLikk¥sd, HHeek ¢ 8205
PCTI USO7) 05048 ™8 e COICHBIC offe Lkewlsc fiee ek 101 ¢ tézm{,%%m e O 07
comer. Gage i Hu# it utinghe b%{§‘°WéPfPera§°°°Tdﬁ‘ﬁBrgaﬁ“o‘Wq‘h )8 freditionglly haghaditogut

gener al | y noustetle bstetiolaidewai S&lbnghﬂﬁnh@ﬁﬂrﬁ&trlﬁ)@,&@w@l@as b e BoreRAd bottb@W | NSerts
t he gage row

102 are nt urface 44. |s arra

inserts 10]% géjn %}cé:ﬂtﬁ? acp §ORT BRIy %6¢ er?STagseéﬁ?g'Fe%qP?]Wf tyam)g#@m fi cant
assi stance f rlmnlracmo mmbmtmg finewdng rmeqotmpromise ethé tonpioeds, wér Fsiginice, 7. Thi s
i s because t mﬁaﬁe'aﬁ@&h&&%ﬁlegﬂ‘éyaée%gr{stl%ﬂaggee@ eguuré?unt ed a substantial

di stance from gage inserts 10 hus are t ar away to be able to
assist in cuttindhafAbremedsgbsugerclsments uspally mapifeats itsglf a¢ citherdesakage, ¥e@. @r € t 00

di stant fr om meBsiceibt thermall@Ekut. OWean &rfill thdmil IPauﬁdétaHtﬁﬁh j‘ﬁsu‘ﬂ%ﬁbﬁh&x dsIer .
tradj t.i,opal | to cut both the

Accor di ngl e insert 00 ve h
bor ehol e s%de%a"%[“s Bt aaﬁa’&ﬁtzh if PR oA gratetips 'E?@‘%O’Ga pipg ofhecytter elgmemyor ehol e
bottom 7 i o talieiy et font impag eads, faltomgls themal greinechdnicyl fatigud 38 theBRGGUSE gage

inserts 100 havRndcdPiidalidiae e. fequired to performboth cutting
functions, a conpromse Int t oughness, wear resistance, shape and ot her

properties of gagReffrrgetifldo E{BE‘T"' Geteaase of prsy att sagg insTtsel 00 a¥a$ potanepoi®nof
cutter el enerdeGuitsod &ie|cymﬂ§1’&ﬂisé RYbufphretsStBdt had® ve h{aﬁtelh oneﬁﬁkﬁﬂ@ts 1966 also OF

nechani cal__or Wear and. t her fatigue are typicall
results of’ abréLl séjefvﬂlegm ng they gﬁ’éﬁ"tqg'“gé‘f peg '5‘? n]s‘{“"’g eP’Pb?’hﬁﬁ%?Hﬁerﬁa{erl al .

Br eakage, i ndbmd'mgomﬁnmpqmumgctwraMGear abd therm#l | fRige due td BiPtdibkdn)iseli®sddrt S from
I mpact | 0ads el ah AU as AL FraePB A HOBRL Fidrts 1'eh FHGiBRLouki) Gitkthd G

impact loading typically present in bottom hole cutting.

Referring again to Figures 1-4, it has been determined that positioning the first inner

25 row cutter elements 80 much closer to gage than taught by the prior art, but at the same time,
maintaining a minimum distance from gage to cutter element 80, substantial improvements may

be achieved in ROP, bit durability, or both. To achieve these results, it is important that the first
inner row of cutter elements 80 be positioned close enough to gage cutter elements 70 such that

the corner cutting duty is divided to a substantial degree between gage inserts 70 and inner row

30 inserts 80. The distance D that inner row inserts 80 should be placed off-gage so as to allow the
advantages of this division to occur is dependent upon the bit offset, the cutter element

placement and other factors, but may also be expressed in terms of bit diameter as follows:
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el ement can also initiate breakage. Referring still to Figure 6, breakage
of .prior art gage inserts 100 was not uncommon because of the conprom se
in toughness that had to be made in order for inserts 100 to also 20

wi thstand the sidewall cutting they were required to perform Likew se,
prior art gage inserts 100 were sonetines subject to rapid wear and thermal
. fatigue due to the conpromse in wear resistance that was nade in order to
allow the gageodmswsts 100 to sinultaneously wthstand tAe@Us)7eppagt | oadi ng
typically present in bottomhole cutting. Referring again to Figures 1-4,
it has been determ ned that positioning the first inner 25 row cutter

el ements 80 nuch closer to gage than trgpept by the prior art, but at the
same tinme, nmaintaining a mninmmdistance fromgage to cutter el enment 80,
substantial inprovenents nay be achieved in ROP, bit durability, or both.

To achi eve SeloblctrG et oyt e fr=——prrye=t=gre O f
cutter elenents 80 be positi pnedAedepsaile enougMaroPrefaged c it Most Bseferrrdngls 70
[ he C

such t hat g{tpﬁ;’?gytti ng dutRxné'esfo,di vilded Rghg@fobUbSantrabe @L9r g€
bet ween gagf inserts and {nner row 30 ijnserts 80, The¢ distance Dijt hat

inner row ijhserts 88P%Shoul d be pl alsHIEA - lgagPiEyeal ¢ o |al PBHHE
advant ages Pf thi giuelieyyi Si ON {0 OCGnthes) S dejpendginthepon fhe linghes)f f sgft, t he
cutter elenent placenent and other factorls, but nmay alda he expresdged in
terms of bif di amegek7ras fol llows:0143.100Pr i nt ed 62000980 noga 0@0127609%
09: 04: 57 pape -15 WO 97/ 3820% PCT/US97/05 iceptable Mode
Preferred Mpst Prefppeesd Bi{| D aoet 250 Range f.020-ReAge flor FRng®of orf " 13D
Distance D Distance D Distante D (inches) ¥inches) (inches) (inches)) BD <
7 .015-.100f . 02010 ©80 <.1820- . (60 .025<2@BD : 5| 10 .DB20L60150 |. 020#5.-1120 . (130- . 090

10 < BD <_ [L5_.025-.200 ,0354.160 045- 120 BD > 15 030 . 250 05d-.200
. 060-. 150 I f cwp=eis el enents 8000£256 he firso05G4-nH®r rqgw 308 -arSe
pOSi tioned oo far fromaage! _then aP=Ta =Wl a1V 70 il |l bhgolr oo rod t o per form

nore bottom hole cutting than woul d be preferred, subj ecti'ng it to nore

| mpact |08di N0t Hafll Lk 615 TR ikl B e SR YooRBSichl gREheRut of f-

gage cuttdr ele B mla inner row cutter el enment 80.is
posi ti oned tgase rew 38 evill be reeired (mpralonR PYE boRaRL Pl furyg g PRI LG RFETELd t o
| oading si mshtﬂéctiltngoit o \Rdre SRQIbRIME @R Bt W@ Protedicictytasclodély-positioned but off-

gage cutter element 80. Similarly, if inner row cutter element 80 is positioned too close to the

gage curve, then it would be subjected to loading similar to that experienced by gage inserts 70,

10 and would experience more side hole cutting and thus more abrasion and wear than would be
otherwise preferred. Accordingly, to achieve the appropriate division of cutting load, a division
that will permit inserts 70 and 80 to be optimized in terms of shape, orientation, extension and
materials to best withstand particular loads and penetrate particular formations, the distance that _
cutter element 80 is positioned off-gage is important.

18 Referring again to Figure 6, conventional bits having a comparatively large distance
between gage inserts 100 and first inner row inserts 103 typically have required that the cutter
include a relatively large number of gage inserts in order to maintain gage and withstand the
abrasion and sidewall forces imposed on the bit. It is known that increased ROP in many
formations is achieved by having relatively fewer cutter elements in a given bottom hole cutting

20 row such that the force applied by the bit to the formation material is more concentrated than if

the same force were to be divided among a larger number of cutter elements. Thus, the prior art
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i

io and woul d experience nore side hole cutting and thus nore abrasi on and
wear than would be otherw se preferred. Accordingly, to achieve the
appropriate division of cutting load, a division that will permt inserts
70 and 80 to be optimzed in ternms of shape, orientation, extension and
materials to best withstand particular | oads and penetrate particul ar
formations, th(é“?gﬁgz%_pce that cutter elenent 80 is positioned off-gage is
inportant. 15 Referring again to Figure 6, conventional biPFCEURIPIMY a

conparativel y.| arge. di stance . bet n_gage inserts 100 and first inner row
inserts 103 %ﬁ;’}ﬁ‘iaf: ?c?fﬁ?f%m‘rs%liffﬂ"f‘e\g’ﬁ&fﬁa’gf“ﬁﬁ  splstantial pumberaf sage insertst j vel y
| ar ge nunber 160 begyagmainedse the bit inran effalise hdldgagai nt ai n gage and wit hstand t he
abrasion and sid r W ok i no t hat i ncreased
ROP in many for errgﬂ:dg g%&)'iag@gcghx?llqu_ggtg%y e%‘@?”ﬁg#"?’eﬁ"gatg‘f"v‘g édef"gp\}\énril%‘)ﬁ}?'f’er
el enents in d°YicHEre fptticsmiakobesn divided Betyeomeagsinsests 2 andrprer toveinfens 8% aappl i ed
by the bi t st enordgeaiveBiimRmibRidhdydk ethSloye®byEnatiaf s lphrad el fiwefflnbhr oft NE sane
force were ta l?e di vi detd alfmg‘?ﬂ@. | arger nupber of cutter el enents. Thus,
the prior art— TA7PPY SEEGEFP ' 253 fo1 B9 Ausehsr ofcagrarow insprisgh00 of the\\D
97/ 38205 PCT/ptiS%bi 51948 in Figdre Gvals othgranonds becadst therproentiBemisn gage insérReo
requi rement f, td . insert 100 .be nmi nt ai ned on
the bit in anmg‘%l?c gcrlet%M? %trﬁfgl ngeg(ggg%b %{/p(gg'ﬁ%r@%g? i) at((:’c%ar“gﬁ"hé ﬁfqﬁgigﬁe
present i nveRPERE, fisbisnaisey elereentsiBBchas e not have o funaion torwut sidesalt bd manthinnct i ons
have been6li ghgdedayoRtvre i MAEE ahd S/ e Furthel spdesh aoramagae&egméa&&é s

y

nor e aggressi%?. ‘futti ng structure nay be enpl oyed by having a conparatively
fewer nunber JBYeq ' fe OFpRYUPN.  fAncemrang sich Jhtsss End3gro acreasmBAP dil qedtain he
nunber of gadematons. i Als® ptosidihg Gewef cuttbrelempits 80 oncthd firt itines ROVI0a irndrelegit e 6. I n

ot her words, i ent .i.nvention gage inserts 70 _cut the
si dewal | of ﬁcgct%{gr%grh%%&{alﬁggg(?’% aﬁ%gﬁe £ %rgnaﬁa "“5‘5"‘%°’g8h‘1’ﬁ?%6?‘8‘&‘“?'bb%ﬁ fitain a
full gage bhoREREMEeneratiogtof pmingert into fhedbramtiontbefo8idjatentinsedoinnint satlmavew t 0

function 49 edhkacSine@¥RIvondd. Hteifdi the LRrdP B2l aldfs fﬂ?"ﬁﬁerieﬁhﬂ}}ﬁm‘? r and
may be further spaced so as to better concentrate the torces applied to

the formati oRCMEFEHIEERST gt e, fprragien thug pgaindendisg tsimpepve REP-e ligwasiRerthe pitcicer t ai n
formations. Béreep ipreowivdinsatsfaovies the LiddigvnaleddeamagésSth Ot Provildd rdatef Shack NNEr row
80a i ncreaseg ' 1h ter. el nts_and the chordal
penetration, %*%ﬁé}éﬁoﬁ%gg é'}tﬂl ?g\ﬁz@ﬁ lé)é'?pr%%‘% figanin 02 iIEFr?ulPﬁeﬁseﬂgt FSIFBP8 an

insert into femevyl Gemhel battomdy dedrillingj fwdent i nserts in the same rowis

contact the hol e Tabe indcRfdnSRaRYbd ABicyRAb Meas@gﬂ?t}iﬁt?uﬁtﬂlozéi\leg\ﬁﬁt the

cutter elenents to tgenetrate deeper intdo the formation, thus agalin tending
to inprove RO T EVELLrmegtsBh areprtitiqned oftgagpuhers teveare peswibjestsdiotthe B& has t he

addi tional aftwantiexsiieaall hat is iirsteflf Q3TBE By G QaeGbw SRABE ABSENEENndePfow NSErt s
whi ch resul t fhsdrtd 86 IR LA (sjusgekgbqentlo r\]vqar%d tthpr;enall tg{lsggé gssthe%r‘]w%uﬁ %Q 1 r;)gsel"t?ongéjgr;[ 'ng

gage. Further, compared to conventional gage row inserts 100 in bits such as that shown in

25 Figure 6, inner row inserts 80 of the present invention are called upon to do substantially less
work in cutting the borehole sidewall. The work performed by a cutter element is proportional
to the force applied by the cutter element to the formation multiplied by the distance that the
cutter element travels while in contact with the formation, such distance generally referred to as
the cutter element's "strike distance.” In the present invention in which gage inserts 70 are

30 positioned on gage and inner row inserts 80 are off-gage a predetermined distance, the effective
or unassisted strike distance of inserts 80 is lessened due to the fact that cutter elements 70 will

assist in cutting the borehole wall and thus will lessen the distance that insert 80 must cut
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renoval from hole bottomby the drilling fluid. 20 The present invention

- may. al so be enployed to increase durability of bit 10 given that inner row
cutter elenents 80 are positioned off-gage where they are not subjected to
the load fromthe sidewall that is instead assumed by the gage row
inserts. Accordingly, inner row inserts 80 are not as susceptible to wear
and thermal fatigue as they would be if positioned on gage. Further,
conpared to W3R0S onal gage row inserts 100 in bits sPERUSEOIMHt shown in
2s Figure 6, inner rowinserts 80 of the present invention are called upon
to do subst emssissd] Fhis ssudts indess fredrytheemal fatiny andleredkege dofanserts S0 eriapi¢ to thaThe wor k

performed by, @neﬁ&htbﬁ Eon@inﬁmpﬁagé ihsdrts mﬁér 48 8dme chiiitlohS ThOdiStehcaRi¥e€d Dy the
cutter elerre orrralonrm lied b%/the di stance that, the cutter

el ement t r atpep the (ympssisteq sirikegistanget 'S\)ﬁef“ eff 1 1gups? 45 Y the Zefreno iU fg
general |y r gfiefuderdtddd 8§ thotdRilledinttir artethe Aaethdr that indek fiwkattetieBmanc g are | N t he

present .invention in which ga inserts i age and
i nner row i ﬁlgg?gf,sth%mg( 8’68?“%5—’33%55* aS';s)t?“ecagt er rrtt?e Fté;i e&???afr?coe ??lrgs’e fective
~ or unassi st e.drestngltﬂe&mhag& disxoee Df cultersismends Harg roquireds toain dass Werks againstthe f act -

that cutter, el e ?al?gucw ok lnggaﬁlbgﬁlggg}fo&{u@gtgy%’%et,g@ iRekenol misviah be and t hus

wi | Iessenb(f'?'uh0 I nsert . “cut 15 Printed from m nosa
03/ 12/ 1999 wﬂowd&v cgagenstneﬁemewtmswsswwwwegﬂ@f segsdrsetsdPRd. This

- results in [ e8Spirak ,bntoh?l@ﬁleh th B ugdQst@NEHLD HRAKA YBDf W ithel pRGait irverion I €] at i ve
to that experienced conventional gage |nserts 100 under the sane

condi ti oh%. dla%dtsdff‘igeé‘a’f‘@f derred to as the "unassisted strike distance"
is identified i rReFdngigram:tdegad 15it {3\gertetatly preferend dntgage ioBRutter dementsi 70be be

under st ood b umrt]erent' HS' osmoggi a't R)sz tafween dadbor f.hUlirLtg'%w th'ﬁénts'sﬂanhrﬁ%W cutter
el enents 80°% ot orter the unassisted strike distance is.
for cutter atnenewtcgttﬁ@lembms 851 meved \9ffredge, Whete theyrase eol $45paysiblp dor spipstagtigh

di stance D, g ﬁé&a?l%{mu% ﬁxgﬁﬁ&%et&gen%s@nsr@%y B?ﬂcr&@ed@@p&ﬂ&ﬁly‘&%ﬁﬂ:e&i}ﬁdr&bﬁt t he
bor ehol e si dewa

, _such work instead bei nﬁlg%er oaHe tx%a] e row.inserts
70. Thi sltatp BacaseRAR pdduengly, WHHBLFEHPIHE CPapPa iosn it gmﬂ‘r\s st ed
strike dist ?JESDa,USDo:fﬁdireQ@ge)sctrﬁgemhﬁbe]dibﬁosed betwdmpadiacénpinsezts 80 4sishovarfin Fi gure 7

to the unassi st trik st r i aur es
4 and 5 for %,%%D The'd dof i ﬁnﬁeggg{;l}ze%e E\Qﬁnlﬁ’y sﬁﬁtﬂfotuy:tg&gayr%g:%etﬁ (Fig

preferred t habbegamgercowrela!mr@ﬂoewmm%’CW"‘B@“*‘ BWETH erential |y positioned
at |ocations bet \egi6¢ tvaitagk b?dlhfllﬂ@ﬁ)e B&Woﬁ'c&m&u&fbetv&&ﬂ tugt inkgts: | nner
row cutter elenents 80 noved off ‘8 elvvhere t ag]% £, no er %mequ bIe for
subst ant &l 70 aadpitgees ingertt 89 in e fach a‘gﬁati’;“ﬁ"b‘@’ttt}é I nser 1'S78

i ncreased aplapddanigagthan cd;e.»smrohdm@dmplnyadrfdeargwkﬁsxtecbm Mﬂmallﬁ@mneter a

Addi ti onal | W th_increas C. e nts 80 in
row 80a, tm#&tr“ e °§5‘§°§lsﬁﬁrs"e ? M}gd X\%%u s%ggglglh‘bg%\%\%e%dggf {ia%ent

inserts 80 asgesinsems 70 are not required to perform substannal bottom hole cutting, the increase in

number of gage inserts 70 will not diminish or hinder ROP, but will only enhance bit 10's
25  ability to maintain full gage. At the same time, the invention allows relatively large diameter or
large extension inserts to be employed as off-gage inserts 80 as is desirable for gouging and
breaking up formation on the hole bottom. Consequently, in preferred embodiments of the
invention, the ratio of the diameter of gage inserts 70 to the diameter of first inner row inserts 80
is preferably not greater than 0.75. Presently, a still more preferred ratio of these diameters is
30 within the range of 0.5 to 0.725.
Also, given the relatively small diameter of gage inserts 70 (as compared both to inner

row inserts 80 and to conventional gage inserts 100 as shown in Figure 6), the invention
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Figure 8. This configuration further enhances the durability of bit 10 by
providing a greater nunber of gage cutter elenents 70 adjacent to
circunferential shoul der 50. An additional advantage of dividing the
borehol e cutting function between gage inserts 20 70 and off-gage inserts
80 is the fact that it allows nmuch smaller dianeter cutter elenents to be
pl aced on gage &gmﬁ nventional |y enpl oyed for a given size bit. Wth a
smal l er dianeter, " a greater nunber of inserts 70 may be FcAgEYoas®und t he
cutter 14 to mai gaﬁffl n ,gage, and because gage inserts 70 are not required
to perform suBE{eERY RRFitenS 8885 ARsA 79 284, npsr iRy ingerie 89 sueh thatthe fatio ofilidner Dof gage
[ nse[) tls 70 Wi ltHat mmtsd@m‘bﬁf-gigemd’ thb iadl@ér oRgIBe inldd 70Whduld tﬁnésyth%nb.@,%&?e | It 10's
25 ability to j i ge.. At. the sane tine, the invention allows
relatively | arn{g:jgg‘:'l d&%f%hrf@’f Fgéré ﬂ%)a? gaI ztr'sg(gés"ea&{génn%l %aplphcsag‘?’"f hat tis ptio bewithin e as
of f-gage i nsefge QA Q1$. desirable for gouging and breaking up formation
on the hol es bot t onpesifisHASAEL I T Hahek } f the .

oo RE ook 30 0 Rt e LTSS Pt e o1 of

i nvention, the riatlg of the di aneter of gage Inseri
first inner rBRAlEHeLhe dnsats 70; 80, By manyrembpdiments wilk ramtialdy ovetiapneath Gtber vhersent |y,
a still nore preédn fededpaificds Blbest OwR intigr®l 675 ﬂeérrin?@» PfubdY, el RfendogN9€ Of

0.5 to 0.725. Aso. _agiven the relatively smal| diameter of gage inserts 70
(as conpared BOFF ¥ Sg‘}nﬁtﬁgfhtﬁ? 8W?tﬁ§%rrﬂfe§xsgﬁsn7§n49’ '3’6°%§4¥9é’ﬁ?‘?°62’31 ingert®, i nsert s
100 as shown mn t igsnsoriptaticnhshapermdaddngion frohbculferilmt 6uskd QMBI IHERRANGA3F 12/ 1999
09: 04: 57 pageovehsh MR Rfheal2Rod; 5?@3 r.ef erabl i tions gage
inserts 70 and | %ner [OW | n@%’?@%ﬁ%@ﬁ ' %m%ﬁémggt%?’gx'bg&sﬁ“?tgaﬁ@ﬁeD t hat
inserts 80 ar & iHf plangihpbis pasaliehio theiaxin4 efigagsfinsgrtifeand nigepassed Bropgtodie it ef | €ss

t han O 3, an_din&bb_ed’ﬁon m&nme@ma&l b’asé %nkhﬁ\@hgcrgow lr&ed@aﬂ@ﬁerﬁglg pn
certain appllgaaglingg 7&hg‘t. thIlS ratio £ V\A%qunn the range o (5 256 0. 15.
5 Positioni ng"Phaert & 70 'BAPIEE teh's PARISHG Reind thabeainsidey Vithithe edgeafdhareans

- that the cut té¢igdricgibasgeipbrtion off gagevow iimsee?d that 7clos&Dto bitRAxiB B Whowe kNt S,
Wil partial | ¥hiO%&hilieh jewed in rotated profile as is
best shown in Fi gurés éfgg&ngs%&gk%%ﬁ%gsﬁ |§5"r‘me4'9, the extent of overlap
is a function of TAesweEate tetoxeriap betwednecuiting profiles of Gytte8 Blemdns 0P80 meamg thardi St ance
D of insert Sfserts 20)@0 WNLsHaR KIS Sf théokrRP Euitink Alhies SYHAP & ShQ M FOM
cutter 14. As, used hzq' ehn, t he di stance _01Fnbi ole(s)yer af) 9 -laﬁéﬁeg%félﬁghcf as the
di stance bet VEERTELT &1 V¥ Perfir mete slewalfcytting duty, akhile offieags igterta 8Qwillpledorm P, i s
a plane that less sigewall cuttihg guty. t Deperdilitigon T sive agige df B @id the QpafdendibRlmepasses
through thg RkJds el distan Lt j t the cylindrical base portion of
the inner row i nsertdlsé%&éﬁé%lﬁ %f}eeoﬁgn%%?%}he gé%fdg%?sn@éf ?’ef%t.’ly greaterthan | ane
that is paralq‘@} to P, and that coincides with the edge of the cylindrical

base portion of gAgensOWiIRSH e R irderareS vl ARFSHondiCARIwiBR oF Siig"O"" 11
igure 9.

Contractors (IADC) has established a classification system for identifying bits that are suited for
particular formations. According to this system, each bit presently falls within a particular three
25 digit IADC classification, the first two digits of the classification representing, respectively,
formation "series" and formation "type." A “series" designation of the numbers 1 through 3
designates steel tooth bits, while a "series” designation of 4 through 8 refers to tungsten carbide
insert bits. According to the present classification system, each series 4 through 8 is further
divided into four "types," designated as 1 through 4. TCI bits are currently being designed for
30 use in significantly softer formations than when the cumrent IADC classification syétem was
established. Thus, as used herein, an IADC classification mnge of between "41-62" should be
understood to mean bits having an IADC classification within series 4 (types 14), series §
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is This definition also applies to the enbodi mrent shown in Figure 4. The
greater the overlap between cutting profiles of cutter elenents 70, 80
means that inserts 70, 80 will share nore of the corner cutting duties,
while | ess overlap neans that the gage inserts 70 will perform nore
sidewal | cutting duty, while off-gage inserts 80 will perform |ess
sidewal | cutting duty. Depending on the size and type of bit and the type
formation, thwWo2m3%estio of the distance of overlap to t hECTHYSSHEP¥Er of the
gage inserts 70 is preferably greater than 0.40. As those skilled in the
art under st dtysies liher banieed (el lomatpe Aserorthinanp kteprdopied [AQejassibigsrien Gttt or s

(1 ADC) “has egl apl e at%@ﬁéh&a GRlukOR fSeoRIToRe thinClRylE Tk Whial bltd 6fS t hat
are suited for particular formations. According to this system each bit
present |y f auirent seriesfi (ypal prad) e ENAd t hree 25 digit | ADC classification, the
first two digitsnhe ﬁr&&nﬁﬂv&ﬁﬁh bécait ibe buttingfmetinendficntsy cleramisd0 idESIigve

formation "series" a " N t he
nunbers 15t mca-usgpﬁtag ﬂla é?ma ,tlt is gen?raléf%g?rabl t%u?tj elf &eétne, Wﬁfé 85 Exgéﬂ@gdg?f} éigfn

desi gnat i on cfie 4 thdnrelemgihts B (reddtivg to cens axigi2R) sflé-'ﬂs e%m“u gue ip hitseiesiengted (o,

According t Odn 3NEsdi tﬁl%ﬁéfltsoﬁlz Asdileh h&a dnRflioSy SER AN in et bothdits &Sn 4Ct heeugh 8 i s
further divi ed Into Tour "types,"

desi nated gﬁﬁv% h 4. TCl bits are
current|y belitagaviiedhedADE f?w“%‘aéﬁé@a‘Pﬁs%f EEen* Lt 50 PEFRS ons t han
when the curyg dbstfi¥ed @ss@,ldtgaﬁ@tglzanb'Sty;sdmmcMmg wsdiadks Iehveen pldiesiB, as used
herein, an | A classjfic ‘g)‘f“ﬁ“ayr an be mFlgtAﬁ;gGg gtypqimpgm

under st ood t 4 Rpmppsypd Be c 2SS Fon wthinseries 4
(types 1-4),ispailieE® cbne akig 2Pandnmd1teh=mﬂmladrdb!a’uw0i%°§}9@9h‘i}9‘“@&S‘SfP“page -19
WO 97/ 38205 PCTL U997 4 ll&% l:d?xém@ 12 M@ thaf inefsectstRe 2) or
within any |%¢ “ergme'{t)@l?lfﬁgyspa ?é) on ses ribes TCl bits that
are i nt endedrafiiglty mmvsn phiny orathf Gﬁ%ngs%ff%cér" f‘h‘é‘ne f‘?ﬁ‘.}% f BF<OTHNEJA SHHAY of

current seri &gferﬁed(&%pcﬁmgn@of 1K) invdhifon] th RCIETRe sleﬁ dtshﬁcerw th6 eldnsibmufegage on,

because the cutting functions of tt been
subst ant i & ISPWsCé‘ﬁF&%&'t‘@EF 70japove 5°“§é£§‘?'ﬂﬁ°¢°!ﬂ‘§s§ @? ' ft%?@mggltt'{]agér{%e glrre nts 80

ext end furt h@gmdtio Hserte Raving IAD@ plassificaiomtasge pObetweet 442y Morepreferaldy- ahit s 22) .

This is especi.al l%ﬁd rugatl e llbs designated to drill in soft through some
medi um hard F8f e ESUCh as in steel tooth bits or in TCl bits
havi ng the' | ADC fAsrmentipusa prdvieusiy, fif is profeed that figsteinges Lo &‘i“eéilm?’t’ﬁ gosg'fffer ence

I n_ext ensi ong, ,i@Yoflgaedl Gafkh 'tlQerEhg@sSsp&:m apmuesz an Gieprdidred fefnbodinsdnepf tHe St ance”
bei ng the distance begmeen

e arly to

cone axi s2®2inyention et &’t‘lgel'—‘t'ﬁwegg@l‘uptﬁls%tﬁ“e mes ea‘ig%% &ﬁf}g&g%{% allel to

cone axis 22bﬂnﬂuilhaﬁephrﬂieﬁ@teﬁosm!hﬂtl-mwdb’&lWWhGHFEHWBS‘E rew«htm@w offhe

cutting Surfacedgﬁacetoiju]h} st Gn& T {chZthlglelgh&&%eE@fex’eﬁ 6 sBth@S¥ne 3Ad cubtérs par al | el
I n

to cone axis?®¥ er sec
on the bit. In the present invention, where D is the same for all the cone cutters on the bit, the

_)

number of gage cutter elements 70 may be the same for each cone cutter and, simulitaneously,
25 all the cone cutters may have the same number of off-gage cutter elements 80. In other |

embodiments of the invention, as shown in Figure 1, there are advantages to varying the

distance that inner row cutter elements 80 are off-gage between the various cones 14-16. For

example, in one embodiment of the invention, cutter elements 80 on cutter 14 are disposed

0.040 inches off-gage, while cutter elements 80 on cones 15 and 16 are positioned 0.060 inches
30 off-gage.

Varying among the cone cutters 14-16 the distance D that first inner row cutter elements
80 are off-gage allows a balancing of durability and wear characteristics for all the cones on the
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radi ally outernost point on the cutting surface of cutter el enent 80.

" According to certain preferred enbodi nents of the invention, the ratio of

fhe step distance to the extension of gage 3.5 row cutter el enents 70 above
cone 14 should be not less than 0.8 for steel tooth bits and for TC
formation insert bits having | ADC cl assification range of between 41-62.

Mor e preferabl this ratio should be greater than 1.0. As nentioned

previ ously, X’Y% 6?7'8? erred that first inner row cutter elPERERRTE80D be
nmount ed of f - ga e within the ranges specified in Table 2. In a preferred
enbodi ment of ¥ ?H‘ém spacificilfe s wically desiriette bpild a roljing eeps bis inpwhjghithe nymbes of ect ed
to be the samgémaahinnerha»ﬁmevwrraxev:&ewhhanmchmsﬂvessttksoréhsl&@%é ure
fromprior art.. m[l| der qemen 1mg sg agengor&IP have regnl red that the off-
gage di stance OF Lhe FiTar THAer: Fow or S PO L RYPENBEe Tigher WeaR At £ or
sone of the cmectwﬂmepgnpalm ta the othert rollihgycankrewlpeheigdwile aj lrge mbunban of witer € D i s
the sane far h HHHPI% cutter
el enent s 7% rrélw;é/nlmt!)lIes Fﬁgggggrar%éﬂ t‘&“%@gﬁ c&%ﬁgﬂtﬁ%lf%?&es S|{mﬁ?gﬁl§g§s’fy, 2s
al | the cone e & BreYeRY th sutier plemenssaerothp gerscheving theffewegtagpiercalintcats femerent s

80. In other wanb@aubmagspraﬁa@ayerehwmmmn 1RDLNQRUA, bR tlelofi find ird €T € are
advant ages to

‘g gh‘f di st ance tp(i tLnner row cutter elenents 80 are
of f - gage bet V\{%‘H 8% PLPI-BREE cyltst flemnents 80,90 thecope hayine the fewest eytter slememthWasdi nent
of the i nvent éxperiendingtprapratued v beakdgk fom stdawvilbimpakdrentive t&h&@ﬁlﬁ&ﬁes&tﬂﬂO

i nches off;g 19 itioned
0,060 i nohis 5 I S‘”ﬁ%&%“%ﬁ? b7 B % e B0 B Eng B Pl s 1T

di stance D t hafterfefements (hPfeibatrC@W W86 tockessen thergidewall cwgeneéorm&d bgthetecond'sl ows a
bal anci ng of dkmealisbi tonaRdly B e faffodCihRHd 56 bef the cgﬁe 1bihe Qe @NEReON T he
18 Printed from m nosa 03/ 12/ 1999 09: 04: 57 ‘? ag:{. -20 WO gi/ 38205
PCTI US97/ 05945 MER tVere i, FXRerieps Srqepsiys Megf o mpagt damage;imprpyed oypsall bitdyrabilitio bui | d
a rolling cormeuldibt obtainadttycdutiethe vt disfance TREfofEgape QRE elemdfs 8¢ MhatNSEr t s
vary from_ o th Gone hayi t he . fewest
cutter el elgre%getsgﬁfttg P%B“Jtehq‘(g%@l 3 cﬁtﬁ+g%{£1§ep%f6 ﬁ% yIRecees el g\/ﬁglcil LR Fence

hi gher wear & inpact |oading conpared to the other rolling cones which
include a |arger B*'H'bﬂfng@fe be‘éﬁ&l@Jom‘ér ﬁhﬁm Betwdeh gﬁgbfémfaif .Inemegé%mﬁ!i fliance D

was constant .for cones on there would be no neans to
prevent the CPFTEY Céf“’éﬁ%fﬂf"%s h it aﬂ%ﬂ@“fﬁé‘vl WWH@WWE‘FS g pftidumabilityenent s
from weari ngmd)RObla&airadagospblensﬁeuﬁesluy thiethAdrial hat De hsla@&e‘orﬁfbletxﬂ%ﬁts ob,lser cones.
On the ot her i0N f f-ga nts 80
on the co%g ﬁ%\epﬁ?}p .,..,. evvese%p&gd&totﬂ%r&éﬁ(erren §p\7\l%95ulag ﬁ’%mr% r?f;l Hﬁ{'ﬁ?r%rrature
wear or br ealekgentiiy m‘m@qddémﬂdlthnn‘baelFmMImb@/@elqcmleb'mad otrivesly cpreé svithn t he i o
bit, inpr OVGQU&Y%M:S RbhdifBoRRA difing dRRdhA "R FGILGY ﬁoqonqym&eqqc,%@i 9 the
of f - gage di stﬁlrglc of

er optumze their performance. These enhancements allow cutter elements 70, 80 to

withstand particular loads and penetrate particular formations better than would be possible if

25 the materials were not optimized as contemplated by this invention. - Further materjal
. optimization is in turn made possible by the division of comner cutting duty.

The gage cutter element of a conventional bit is subjected to high wear loads from the
contact with borehole wall, as well as high stresses due to bending and impact loads from
contact with the borehole bottom. The high wear load can cause thermal fatigue, which initiates

30 surface cracks on the cutter element. These cracks are further propagated by a mechanical

fatigue mechanism that is caused by the cyclical bending stresses and/or impact loads applied to
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cutter elenments 80 on that cone so as to | essen the sidewall cutting
performed by that cone's elenents 80. Conversely, if the gage row inserts
70 on the cone having the fewest cutter elenments were to experience
excessive wear or inpact danmage, inproved overall bit durability could be
obtai ned by reducing the off' gage distance D of off-gage cutter elenents
80 on that is cone so as to increase the sidewall cutting duty perfornmed by
the cone's ofwgaywwsutter el enents 80. By dividing the RAUSPHISMEcor ner
cutting duty between gage cutter elenments 70 and first inner row cutter

el ement s 80the Euttet dieenta rithessirgsnlt inj chigping anddnare ssmea¢ly, dheatestrophie putisr ¢lement ¢
durability . and made possible. Specifically, the naterials that are
used to fortr’ﬁeaeklagee%{s ;0, 80 20 can be optimzed to correspond to the
demands of the [Fhe sigeantisr elemanisi’e Af the Aretert n\RRoR Are SUttst E’I*BH‘E‘HT” 1oads; 1t ended.
In addi ti onpy bRGuH-RIBYEBICHTowaresah®iniphor Rads, A tdir phnirg Aattion canisedf Wi t h
super abrasives, includin ol ycr al l.i.ne dj " PCH kCc boron
nitride (5 PEERINE Of FAMPR F‘Fﬁfgﬁgh%%‘f'?"}rfrisézvgn ifﬁheeﬂag%gg? g‘% H(gnogcqu e%"é‘ﬁ%% ancenent s
al | ow cut t emeahicElinpopaghting f@setoracksvand bausignfdilupenfiaigegelcatter Elemens 7Qinanuglenet r at e
particular formation QU iehM Soel rials

wer e not op[°iw 'C%’Bm%dzto ?@%’%“g‘ﬁp“?r Q‘fdéqﬁ&%yh?ﬁ?fe' ?lg\ﬁ/lggr??iggﬁcmfe?éa@%ﬁee%ﬁt eri al

opt i ni zat i opreits abilitytte retaimitschaiging edmstr, thiys impreving ty RORprtential @pdurability ¢ j ng

duty. The g?ﬂﬁebqytter el enment of a conventional bit is subjected to high
wear |loads Tromthe contact with borehole wall, as well as high stresses
due to bending and i ct_lo f 3 i ? ttom The
hi gh weat® | oad ?ﬁfﬁx‘égﬁ%e‘n ?%%rg%gllbe{ogﬁfe lﬁ%%o\?\lh%l;uéﬁ&llh%f Hﬁgtateyg& eg%pésr%re? gce cracks
on the cutt bard eleheush as Fmented wnasiek earkidee for gase Ruter giomepta 9 thag thatused fopc hani cal
fatigue meclapi IR mERLSHE A dBMorlalE the M lof Supdr abrid cogngs ikabifferSn and/ or

i npact | oadgégbﬁé?}g;&?g 6§T9 Printed r{fairmgm m m%sgA, 03/12/1 9% 019: 0.41' 57 page

- 21 WD 97/ 38eiye PETis1Iee g Souehnesy, (il ATt 8y COmPIAieR; Witk gl mptals ields |,

chi ppi NG aNgnpriRmens BVSY @krabiliti hd paeanion opdi Spedifict gradeedfcmmertted trgsmiage and
failure. The gage cutter nts 70 of  t e inb EGREL O rg.Subj ect ed
to high %%aFaﬂ%B"adg‘?c chjut" ?rcgggﬁ 1%“ %t ‘é% Peqqgg%gtfeg%m?é Inbow sl?rg)sog g“ﬁd i npact

| oads, as t kiedractepsticathe fdrmativnanstpperesipsil drillingyractices @be g5PERETEPY Pib ki ng t he
borehol e wal I Rvan i wh Rk Bbidelifbhtieod Biouhichi Ciilatiohd o nagiiethdbide Of
mechani cal |y ropagia.j ng these cracks @Eﬁ causin Ih§|| ur e gjnhaug_% e cutter
el enent 70 jard gueohalt bisdesr (Wohpate FIEEsBOhPEALT JRZ “BIMe FESFGRSS" PRer ef or e,
the present ga@fiofs!t THEY maberenightesh irdii High war esistace abittiei twy properfisstthdtn i t's

ori g1 nal  geONRL t ¥ ucahy ek TR hbldsshl? SpeREIRoP O £k sui iRl | et Of the

resistance can be determined by several ASTM standard test methods. It has been found that the
ASTM B611 test correlates well with field performance in terms of relative insert wear life. It
has further been found that the ASTM B771 test, which measures the fracture toughness (K1c)
of cemented tungsten carbide material, correlates well with the insert breakage resistance in the
25 field. :
It is commonly known in the cemented tungsten carbide industry that the precise WC-
Co composition can be varied to achieve a desired hardness and toughness. Usually, a carbide
material with higher hardness indicates higher resistance to wear and also lower toughness or
lower resistance to fracture. A carbide with higher fracture toughness normally has lower
30 relative hardness and therefore lower resistance to wear. Therefore there is a trade-off in the

material properties and grade selection. The most important consideration for bit design is to

20

Printed from Mimosa 03/12/1999 09:04:57 page -22-



10 As explained in nore detail below, the invention thus includes using a
di fferent grade of hard netal, such as cenented tungsten carbide, for gage
cutter elenents 70 than that used for first inner row cutter elenents 80.
Additionally, the use of super abrasive coatings that differ in abrasive
resi stance and toughness, alone or in conmbination wth hard netals, yields
i nprovenents i (pJ SiJJI’abI lity and penetration rates. Specific grades of
cenent ed tungsten I's carbide and PCD or PCBN coatings canPEEUSSEPSeSt ed
dependi ng prinarily aracteristics of the formati on and

oper at i onal (:f?l'“ftlt"?enbﬁSt ﬂﬁ%@f 5%%”’{']8“6' "%ﬂé’ﬁﬂ‘ﬁ? FPEYn Fipep?! thay 1§ expegtedhiorheed

t ungst en car lenchantenad @ te opapatiomdl drijfingpeactidecta baemplayedrul at i ons of tungsten
carbide and a cob rock . grilling
and earth cutti ngﬁ'L' Lnd@ftpgﬁltﬁeér%ﬂ&%f@ﬁﬁaa%erl a?%ﬁgg%%egqﬁz’gmw% i teﬁ wear
resi stance ar‘\?‘gftﬁeCaﬁMg‘f Qb hander femmuiatieny (WO-Gokis Keperident jugenathé gmmmmedthkor t he

successf ul sapgighEéatti, ﬁsweﬁ asuietpbxaan,?oprv&éfgwsfecomttﬁai is%xed\/tﬁﬁ,r mé{%ﬁ sfei.ance can
be detern ned rd test t hods. been f ound t hat

ver
the ASTM BGfT%&s ‘“2? °8 "’i‘t’%‘é’e 8\58{] efred Gdfr metal)o °rpbé'?‘*Ffd?“r‘Fe\%&‘€h phnitkelapd of
relative insemh covebe used hdyantigeouslpadn genetaly dar ahﬁmmlzfrcmrgdt pdiceht dfhﬁbaﬁSEﬁM B771
test, which f t n ement ngst en
car bi de mat egﬁgl E@%’Qﬁ%&({e{g& ‘H'FgFm; 9&%& E’ei}oﬁsl%e%% rcf)%?aené ageatet“esl b &nce in
the 25 fiel dikemise,ifer agyamerain yizk theawer the whight perventrf eabalt, thegetreweac sesiktard
i ndustry thakhel el Wil ibS ew\é!?res@enc@@mmb Bmp&kmgélshté?ﬁ f&é%&&gn Qmafbh ve a

desired hardness and t oughness. , acarb mat er | 5‘%‘ vmth |gher
har dness i ndi"e%t'&s ”H‘Pﬁ‘?fé?“ FrHEpldg '&ht%mnsssnéewﬁ%{ﬁhmmt isdts frashese toughnesheess or

| ower resist alsm@ tds @n}fsfammpnoeload@ngcaf&hﬁkst tovhwedn rebnt;t&h&rthefﬂ’a&% wugmtsaum@ess
nornmal Iy has | g lgcgeasegw%k har dness and, therefore PEI stance to

wear . Ther ef or e TR s‘f“hca’b’dﬁﬁ‘fi éf‘ftglpe’ﬁ?'bﬁgﬂt balthd grade
sel ecti on. Th@um@l’f» tepgimesa pnd weanTesisthaged¢nd enbefimyersdly telattd, sk grainisize thange 0

Printed friomux Bede Bd/wka/ rd88ced? 2 Wechifen RAY Secree
PCT/ US97/ 05948 sel ect t he bes%e gf%geg fcgr |tscr apg%fr%cg%lggn%%gégéélﬁet he

formati on mat®¥ al that is expected to be encountered and the operational
drilling practi cemett@uiagu&rmhayq;ds gﬁﬁmdﬂfaﬁdnemwnixfm&bikdd wigh 4N the

art, the wea art u ar _cenent ed st.en carbi de cobal t
‘bi nder for rru% 1§§,la§ C@\&g%gﬁgd mngspg caertr’l i avm&ﬁg'iaﬂé'z%?} Eplar spegfmenican
tungsten car b¢ élé;ectats intgsprtatips. tﬂmupefmceﬁxed weightpercert tof cabhit telhaddbess bgd | S

m xed wi tE'otE&cJTHﬁ‘QStﬁv@@el eraeug#%?.ﬂ&ehmu%.ﬁ%tw ddSqubdds 4O éﬁ.rt&g.g oPi nder

netal, other b| nder as nick and iron can

advant ageous [ty1arqngs sQ‘é‘rﬂéﬁ‘g&F percer cobalt, aeithout peferenge toyits gin sizse Themsfore.dd ordesiimal ¢, t he

avoid potential confusion arising out of generally less precise measurements of grain size,

specimens will hereinafter be defined in terms of hardness (measured in hardness Rockwell A
(HRa)) and weight percent cobalt.

25 As used herein to compare or claim physical characteristics (such as wear resistance or
hardness) of different cutter element materials, the tenm "“differs" means that the value or
magnitude of the characteristic being compared varies by an amount that is greater than that
resulting from accepted variances or tolerances normally associated with the manufacturing
processes that are used to formulate the raw materials and to process and form those materials

a0 into a cutter element. Thus, materials selected so as to have the same nominal hardness or the
same nominal wear resistance will not “differ,” as that term has thus been defined, even though

various samples of the material, if measured, would vary about the nominal value by a small
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smal l er the grain size of the tungsten carbide, the nore wear resistant the
material will be. Likewse, for a given grain size, the |ower the weight
percent of cobalt, the nore wear resistant io the material wll be. War
resistance is not the only design criteria for cutter elenments 70, 80,
however. Another trait critical to the usefulness of a cutter elenent is
its fracture toughness, or ability to withstand inpact |oading. In
contrast to weem9738esi st ance, the fracture toughness of tPIUSTHE8 al is
increased with larger grain size tungsten carbide and greater percent

wei ght of cebatrd.. By chhust, edch oftthe sradesto ergispredstynasiaricaghiderand §'F“é‘ﬁ€‘g“‘f*1§nd to be

inversely relat&deid38iads%dh SbZd te BARY RSernd ofthBhess, Redr @iS@nce Bl Hie@fe
resi stance of a specinmen w || decrease its fracture toughness, and vice

versa. Due tterghnefsegul ar grain shapes, grain size variations and grain size
di stribution w thiefbaae toadyrhgiuﬁhb@bﬁdﬁmfcianyemﬂdbbctemuﬂgmmmbbk@adeﬂ he
average grain size articular s 8, L Gfear TS

i nterpret &t it b a'ﬁe@& F ' §OPG K&T &%a&ﬁﬁg é&én&? 0 cobalt tﬁ%n har dness
of a 20 Specdofipressive smgmraselfrycnnetoazlmss tQecpf &erhaslf:szend mpsk wegdesistaphofcan be

adequat el y f ] ne %gruqﬁi 19£oﬁerlf£x§1am %‘feﬁﬁbma‘ﬂﬁérgﬁﬁle&ﬁg@@maﬁmm t,

W thout refe én%%ef%me rain size. erefore in ord y d
potential ccgwdedidre am@inﬂghaﬁlﬁfss of 9%'8h§3§|“f“§/a cglalt °BP‘§‘B|°§§ ‘hgyaévﬁ ment s of
grain size, ABB&h wERMSsidnkd 1slaxerr@bmf ﬁ@ﬁwb@uebaﬁlcmedelemtsemnmmﬂe pradedness
(measured in hardness Rock h & I 25 As
used her &i°n WPrERRRbEHas relfve lgﬁv?ﬂ“ |ca?htyat Y ac grnlgps&?l %?%J&ﬁg%sfgﬁl\ear
resi stance Odrumnglafed:aesaa bafomd | fohequently, endtrefering momentaribyigtFéguref 4n medye t er m

"differs"” neans that fgm,gglbfttmggn mwg;dgégﬁgg@tag&hmtgd bei ng
conpar ed var‘?rgéa’?eg‘élﬁ aﬁg’ucﬁté}%hﬂgms reat e t hat ?sul ting from

accept ed varnoami;eebro“{lo#eéi’f H’ﬁcé@ﬂrﬁ?ﬂ‘s B-pg5 ‘é@%‘@!ﬁ“ﬁt"éﬂ‘“ﬁ‘% acturing
processes t N@mafbs th%Q:gnJeBwBny Bbtn Fred STRodrRWriAddaiingatbmcarbive gtades[:hhﬁﬁgas s Snd
ormthose naterial s into a cutte nen cted so
as to have tm“@hhﬁdqﬁﬁﬁﬁ ﬁé?ewaﬁﬁsts%géoﬁ'}'@ﬁ J‘§?ﬂ?ﬁ °°ﬂc"gﬁtaftﬁ£ A %tc%ﬁL st ance
wi Il not "di&&ight becadd o?hﬁ?stmita-ram dviisy olwitstvdempatefoadiaed | This/formulatiouyrs  vari ous

| f th y AlOis Spifthe val ue b
Shama T Con BRELEr Rt HHEAS i g ualaloy @8 gfég%‘f“é‘?,% ohe Yavos Y

PCTI VS97/ 05968 thaamnn botfey hotprruitipg; significaptyveas cap H%e’%g%f fner SRR Attt
tungsten car | tsalﬁijld%@cdndéﬂ&dafun@ﬁph:ﬂcdlalﬂﬂmiﬁaiﬁ es herein "differs" from

each of the others in terns o r reS|st re
t oughness2°® Ther e A&l P%H&‘Sﬁ‘“éednﬂ?ﬁ%é’fce 8?'“?5’ 6}° ﬁ"yga ‘?/%%F?ma &{g&@ntggt ed
tungsten car Wﬁc@ﬁ;ﬂ&ﬁ& Althioagh gdgeinserdlilDg ememcedmgﬂr signifisanyside el gnd
overlapping, bcgtt%glrhoﬁa cuttmg gtﬂy ql'rxlegsct%uld W& dL Q:fesﬂs e teftant as desirable for side wall

cutting, nor as tough as desired for bottom hole cutting. Making the gage insert more wear
resistant caused the insert to be less able to withstand the impact loading. Likewise, making the.

25 insert 100 tougher so as to enable it to withstand greater impact loading caused the insert to be
less wear resistant. Because the choice of material for conventional gage inserts 100 was a
compromise, the prior art softer formation petroleum bits typically employed a medium grained
cemented tungsten carbide having nominal hardness around 88.1-88.8 HRa with cobalt contents
of 10-11% by weight.

30 The following table reflects the wear resistance and other mechanical properties of

various commercially-available cemented tungsten carbide compositions:
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conpressive strength and fracture toughness. One of the hardest and nost
wear resistant of these grades presently used in softer formation
petroleumbits is a finer grained tungsten carbide grade having a nom nal
har dness of 90-91 HRa and a cobalt content of 6% by weight. Although wear
resistance is an inportant quality for use in cutter elenents, this carbide
grade io unfortunately has relatively | ow toughness or ability to wthstand.
i npact | oads a'qYRH: ?E%Ui red for cutting the borehol e bot ®PEKUsaTessequent |y,
and referring nonentarily to Figure 6, in many prior art petroleumbits,
cutter el erre%?’é""f%ir r?éﬁl’“ﬁz“t%iwgﬂn‘?ﬂ'!eéﬁdc:rd‘t"s‘l“t!'ecgrrbﬁ’de‘“?ffa‘\/ﬁrﬁie%ﬂsﬁm ted to
use as heel romGhnsert rilifhg. | nner rows 103-105 of petrol eum bits intended
for use in softer formations have conventionally been fornmed of coarser
grai ned tungsten carbide grades having is nom nal har dnesses in the range
0]1: 8ﬁ 8-86.4 HR|a V\ﬂ@bcﬁzlllﬂ orﬁzﬂh  Sorfdhal &7 ..ﬁ’? ' ear |

of this material'ls abilitylt t hgt a gadi mul ati on
was enpl oyed degpi & The |f act T hat ﬁd@’%a]gil al algeg‘éa'?"ét’eétl ely | ow wear
resi stance and degspilwte%i hg f[HBe] that JpecASTM fest bt t orAST™M estcut t]i ng,
significant wear [can be experienced byp4 inf OW| C r I s 103-105
of conventional bjits in rticul ar for%gtpp(gﬁg‘ %h\?\[nl?mgeﬁ'%rﬁecogni zed,
the choice of matjials fqr98rior erlﬂsgage |nserq30Q00 (Fi gure 6) was a
conprom se.. Al thogutgayug ggserts [jPg expertencegboth—stgri-HHcant side
wal | and bottomfhale cuftlin e made as ar :
resistant as desifrldbl e for|%8fde wallll>3cutting, ngflas tough as fdesired for
bottom hol e cuttifng.  MBERT@gaNe gagg3enSert moT ar—reststarft caused the
insert to be lesq-able tolwithstand the inpact | padi ng. Li kew W _ge, maki ng
the 25 insert 104 'fougher |$§%as to|dhdble it to Wehstand greatjer inpact

| oadi ng caused tha@el NSert {gp3DE T g3s7wear rest stagr. because tjhe choi ce of
materi al for con\ ,%ann insgris 100 was al _conpronm se_ flhe prior art
softer formation sétrol eurh®Bft s typi e | y enpl oy¢ 28%a medi um gr i ned

cenment ed tungst erfi6arbi de [BagI ng n¢nv.eal har dnes$i.ar ou 8.8 HRa with
cobalt contents lolmmbOamelL0-100mod-glolmed0lho L0l A Lah efl ects the
wear resistance ard OISR REEYER & -drcopingiethe pragent dpventipny it igdpsirable to form

conmer ci al ‘5yga’@ﬂaduhabdlmemerverﬁaadatm@g@éaeresrsﬁmhiaﬂl»mwgmpcr&i fbs® Mstmatiogs. Pri nted
from m nosa 24, | Lq 38205 PCT1US97/ 05948
Table 3. Pr o%e?grfe%at%é'l&gig 1%%1' I ca %%%{d%f f‘frmngs i BPEE ‘F PHESIEP caBidE o5 Used
in Ql/Gas B4 having a@@bmhlthmﬁ indhe mttmwﬁmroﬁm@btﬂsd -8 HRaawith/\k aobalt

content in the range of about 6-11 percent by weight. Suitable tungsten carbide grades include

those having the following compositions:
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content Hardness Toughness KI ¢ Resistance per [wt. 9% [HRa] per ASTMt est
" ASTM test B771 [ksi4in] B611 [ 1000 rev/cc] 6 90.8 10.8 10.0 11 89.4 11.0
6.1 11 88.8 12.5 4.1 10 88.1 13.2 3.8 12 87.4 14.1 3.2 16 87.3 13.7 2.6
14 86.4 16.8 2.0 16 85.8 17.0 1.9 Referring again to Figures 1-4,
according to the present invention, it is desirable to form s gage cutter
elements 70 froma very wear resistant carbide grade for nost fornmations.
Preferably gaweswateser el enents 70 shoul d be forned frorRCA/USY98448 gr ai ned
tungsten carbide grade having a nom nal hardness in the range of

appr oxi mat efrybl8d: Projidreies dRErades bhCementsd HungstencPrrbide Presentlyi Prefemnesefont about
6-11 percen# b"ly wei ght. Suitable tungsten carbide grades include those
havi ng t he ow ng conpositions: 23 Printed from m nosa 03/ 12/ 1999

09: 04: 57 page - TmtteyFlomem 30 fys OiiGps DGYiPE059048 Table 4: Properties of Gades

of Cenmented Tungsten Carbide Presently Preferred for Gage Cutter EI enment
70 for Ol /Gs _Drilling Cobalt content Nerirad—Nemaal E.-,,Ch.,,, Jal

Wear [wt. |9 %P‘HW@@%‘UToughnegg’mRTlc Resi sh maépra‘fhﬁéa] per '2<§‘|‘R7( Fest | per
ASTM test B771 [[Ig,slo,{;jl n] Bpll [H&8Hessr ev/ ¢c] ToGghBds Blc10.[8 10Resistahde 89. 4 11.0

6.1 11 88/8 12.5 4.1 10(88.1 5 Rgst gn cou Riceer (@t adgs are
listed fromtop to bottorrln Ta[%lﬁgla abcvepﬁ&%er of pi

B771 [ksiVin] B611 [1000 rev/cc]
6 90.8 10.8 10.0
11 89.4 11.0 6.1
1 83.8 12.5 41
10 88.1 13.2 38

The tungsten carbide grades are listed from top to bottom in Table 4 above in order of
decreasing wear resistance, but increasing fracture toughness.

In general, a harder grade of tungsten carbide with a lower cobalt content is less prone to
thermal fatigue. The division of cutting duties provided by the present invention allows use of a |

10 gage cutter element 70 that is a harder and more thermally stable than is possible in prior art bit

designs, which in turn improves the durability and ROP potential of the bit.

In contrast, for first inner row of cutter elements 80, which must withstand the bending
moments and impact loading inherent in bottom hole drilling, it is preferred that a tougher and

more impact resistant material be used, such as the tungsten carbide grades shown in the

1s following table:
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decreasi ng wear resistance, but increasing fracture toughness. In general,
a harder grade of tungsten carbide with a | ower cobalt content is |ess
prone to thernal fatigue. The division of cutting duties provided by the
present invention allows use of a 10 gage cutter element 70 that is a
harder and nore thermally stable than is possible in prior art bit
designs, which_in turn inproves the durability and ROP potential of the
bit. In contrastC®P¥ first inner row of cutter el enents SOTUSHAD® nust

wi thstand the_bending nonments and inpact | oading inherent in bottom hole
drilling, it T2leg:ofEapertiss ofi{zrades of Gemented Tongsten,Garbide Brasently, Brefesred for
materi al be ueftd, sudagecutiehEleinedt3o for DilGHs Drillggr ades shown in the is
following table: 24 Printed fromm nosa 03/12/1999 09: 04: 57 page -26 WO
97/ 38205 PCT/ US97/05948 Table 5. Properties of Grades of Cenented Tungsten
Car bi de Present| y[ Prebsit r €d Néwinal O [I - Némifi® Flattirt €1] El Ql/Gas

Drilling Cobalt m nal Nom nal Frdct ure Nom nal |Wear_ cont ent rdness
Toughness K 1 ¢ sicgq Mce %ﬁ%".ess% [ﬁlr’”éﬁhnﬁ?ra%ﬂAS M t RFISEEE ASTM t est B771
[ksNin] B611 [10 Mewv¥%ic]| 1Hr88. 8 12DebASTMted0 $8. JperlSSTM @st8

2 87.4 14.1
3.2 16 87.3 13.7 2.6 14 86.4 16.9§ 2. J85. 81 s, Wt one
exception, the tupgsten cdrbide qradesgpééglt Iﬁllj)l e %Pgl#?ogﬁev{cy

ttomin
Table 5 increase]lln fract|$8é toughriéds and decr ¢dde in wear rgsistance
' bei ng

(the grade havi nqﬁﬁ?% Tobdtgg Tamd ik ' .

t ougher than the jgrade hawing 16% dobalt and a h of 87.13 HRa).
Al t hough an overl ‘[3 exi st 4 874 graddd4ior gage andi3éff-gage use,| the

of f-gage cutter QI3W I 1, [MB7moSt _at T T ggances, bengde of a

ing a iolhardness thatlis less than tthat the gage
8fpl i cat|iléfs, cutter ¢PBnents 80 wifl | be of a

material that is g eSS Stalygnd nore 1rnpggt Teststant=]| The
relative differ rdness hcfwanp and off-o0age cuttler el ements

i s dependent upon the application. For harder formation bit types, the
rel ative dif feiteoeCexteption &8 turiiteh €atiNeCs RS Mentifi from top to bottom in Table §

increase in fracture toughness and decrease in wear resistance (the grade having 12% cobalt and

a nominal hardness of 87.4 HRa being tougher than the grade having 16% cobalt and a hardness

tungsten carbi de
cutter elenent 70

of 87.3 HRa). Although an overlap exists in grades for gage and off-gage use, the off-gage
cutter elements .80 will, in most all instances, be made of a tungsten carbide grade having a

10 hardness that is less than that the gage cutter element 70. In most applications, cutter elements
80 will be of a material that is less wear resistant and more impact resistant. The relative
difference in hardness between gage and off-gage cutter elements is depeﬁdent upon the

. application. For harder formation bit types, the relative difference is less, and conversely, the
difference becomes larger for soft formation bits.

15 It will be understood that the present invention is not limited by the cemented tungsten .
carbide gradeé identified in Tables 3-5 above. Typically in mining applications, it is preferred
to use harder grades, especially on inner rows. Also, the invention contemplates using harder,
more wear resistant and/or tougher grades such as micrograin and nanograin tungsten carbide
composites as they are technically developed.

20 According to one preferred embodiment of the invention, gage inserts 70 will be formed

of a cemented tungsten carbide grade having a nominal hardness of 90.8 HRa and a cobalt
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di fference becones |larger for soft formation bits. is It will be understood
that the present invention is not limted by the cenented tungsten carbide
grades identified in Tables 3-5 above. Typically in mning applications, it
is preferred to use harder grades, especially on inner rows. Al so, the

i nvention contenpl ates using harder, nore wear resistant and/or tougher
grades such as m crograin and nanograin tungsten carbide conposites as
they are techwowsbioy devel oped. 20 According to one prefPEFUERH0di nent of
the invention, gage inserts 70 will be formed of a cenented tungsten

carbi de gr acheteinad 6%y acightmnditaiis Witk hate e eastresisincg tRFRRevioNHly Wasistddn heel o5
Printed fro%x%}q%rm@mgﬁ% &ﬂ?ﬂ e §9:APdhe %eﬂﬂﬂ&he@&ely\@a&lb&%gﬁﬁﬁhusw105948

cont ent of hus, wi | | . have the. res gg e that
previ ously %\gllllj)géwﬁofiﬂs@{lgstepﬁ%’@?%%‘adféi"‘?ﬁ ROgUn al'%‘rgss§ ‘? §ii%t 6) . At
the same ti ggalt bdh@nCbOSRL y>yS@@gmedmbtgtada)ﬁ:fwngage1mpaaemssance8®nwntl¢nalbe f or med

of a tungsten carbide ‘%SP‘” Ogmlsl ng&n@lgﬁ%%dﬁs nmnr?gqhgﬁgﬁ& and a

cobal t cont ErRiovst o1 A& Fad vin act resistance
convent i onajobghnes efirsasetd on thcmaélpulard’omatlmmmaiﬂi“ftﬁ pr foptemplated By thds (Fj gur e

6). By opti 1rr711vzn Y mg%;li]g gh anfﬂe“/[: fonger M&ﬁ%ﬁm&% aggrisivelchttifPshhe, of Buth, Bl ti cul ar

formation to ed as conte by this invention, inserts 80 may
have Iongerasetfatlu;clnﬂsl,uiﬁoﬁ‘lsR@iP mtfrﬁeal ) Fé’ésf\)‘ﬂ“ﬁ‘iﬁ’f"t Py, relipg, Btsinnes fow, SHT g o

to increaseqthaRehdPh ?d%Elle?-lma@ﬁalttﬂlﬁ hil Been Eonvdntisnalytised fob‘gaga’&kw ogtef | | rst

inner row cutter elenments 80 from ugher
convent i BhaflFyentssBgnymher of cytter F%W“(‘ft@tcg'rob & cgamde ep’lcPﬁ ‘?mc ab(pr cutter

el ement s 80adjaknt baterl@aiearse danctrdnctehsed frelatiyh toghe @ht@cmwerbﬁxméwor &itlj acent

tt | ts 80 ; Sibads
2d] acent  pr P8P ﬂ“&@&%%'ﬁiéf*ﬁ%*ga*mﬁ““éﬁﬁ‘g R reat 1o

i npr ovenent §hd lnde@mirike distdres op ithsdareppieyaliofgs 1he gage ‘F‘FﬂS' 13 &L 00wt 1 1R58E di st ance

on the bor ea@na Ml folnffiod lh?ty?fég\ﬁ’th Gadfel dBfeet] HorQhidse b|750a asd ufdsvdaﬂrehaxnge
di anet er, for mat i on

th | ar set.. I bits, a
hard andlwespeseasisidegradefer “E"Lﬁﬁ%{‘sél?f 8%"8??11@%{}1"’3 ““ﬁv i ate %ggazgl hserts 70
is inmportant, pag Taﬂ(ﬁﬁﬂnaﬂdeytoltlﬁb indyeasesii gage dumabilit, resviting frqnntha@bnvw@mbeélue to the
i ncreased gg&%d@r ag plag n}ém 55%%5&3%5 MytiREa®ROWE rﬂ@@@f h@ﬁdmmﬁuht er

el enent pla teri opt| m zati on,

ra
appl i cat i onsvhicha bu\m ttm)r@erb invergipn ¢ap be wsechis @xpndpdy\Binge P‘lﬁ*hké%ﬂ‘dl?é qﬁ?‘%"' is
expanded. SIaQQS rg\%h he REn& @Q)na'hlt:al it daink Vit typd (B'exl dWitie vangk of' Ifdrrnkt@(m nmes

econom cal to %e the sane e over a wd ran ns.
bit madezfn @@wn@aneecqo@%é%‘r ‘E‘&Sﬁ‘ft 'l‘vr?(}té"ﬂt“%ne m%c 615?%8%15? ar ?y

desi gned t O sh@Mént stréHgihidutaBility sternmgtt hié dicifl tipideri ermdzre abm\tsl gectiops phthgr i | |

harder or npre bra ive s r foréhbe QvHe® Gftdrl | Wi th
conmpetitive Qﬁp ‘ié‘é‘f %@ w‘i’ "glfe tmgﬁ?})bﬁ & gllFsZOfstgéqter

formations are encountered.
According to the present invention, substantial improvements in bit life and the ability

25 of the bit to drill a full gage borehole are also afforded by employing cutter elements 70, 80
having coatings comprising differing grades of super abrasives. Such super abrasives may be,

for example, PCD or PCBN coatings applied to the cutting surfaces of preselected cutter

elements 70, 80. All cutter elements in a given row may not be required to have a coating of
super abrasive. In many instances, the desired improvements in wear resistance, bit life and

30 durability may be achieved where only every other insert in the row, for example, includes the

coating.
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formati ons are encountered. According to the present invention, substanti al ‘
i nprovenents in bit life and the ability 25 of the bit to drill a full

gage borehole are also afforded by enploying cutter elenents 70, 80 having
coatings conprising differing grades of super abrasives. Such super

abrasives may be, for exanple, PCD or PCBN coatings applied to the cutting
surfaces of presel ected cutter elenents 70, 80. Al cutter elenents in a

gi ven row nay no? 9782% cqui red to have a coating of super PEBAUSYIOSES | n many
instances, the desired inprovenents in wear resistance, bit life and 3 o
durability may be Sewierasives HipEgnaficamly jrarder ghay caniepted tuigsigrsatbidenBecee ofikis T OF

exanpl e, incl vgasntan@feréRal thd1Bardnd of Rijen bitslived 8 RMudIRE AxfradseiZth 1999 ?9 04: 57
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net hods of_ a so may be 15 enpl oy ecf such
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No. 08/568, 27fled Didehdl ISEITBAN axfigned 99 e MBS ADGHshO L ABATR gage Of the

present invention, the éntire ‘disclosure I's al'so T hcorporated
herein by t hidsclogiresfathich Is ais prerpgratedxeremndy thisqeftrenser t s of conventi onal bi t

desi gns are about Tﬂ;ﬁbatl’&l‘lﬂ-&ﬁﬁdInkdﬂ@SfoﬁWeﬁlonagltM@saFeeaﬁblﬁtl@-ﬂtIO(;d}%s%gent ed
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meki ng the compari son. 'ﬁ% '?‘%B’ & dRFRYNg<n B P1H %ﬁ”i‘é"eﬁ%dé °mP’ﬁ>"’§orre

appl i cat i ons,in making the comparison. The use of PCD coatings on inserts has, in some applications,

significantly increased the ability of a bit to maintain full gage, and therefore has increased the
useful service life of the bit. However, some limitations exist. Typical failure modes of PCD
coated inserts of conventional designs are chipping and spalling of the diamond coating. These

25 failure modes are primarily a result of cyclical loading, or what is characterized as a fatigue
-mechanism.

The fatigue life, or load cycles until failure, of a brittle material like 2 PCD coating is
dependent on the magnitude of the load. The greater the load, the fewer cycles to failure.
Conversely, if the load is decreased, the PCD coating will be able to withstand more load cycles

30 before failure will occur.

Since the gage and off-gage insets 70, 80 of the present invention cooperatively cut the

corner of the borehole, the loads (wear, frictional heat and impact) from the cutting action is

27

Printed from Mimosa 03/12/1999 09:04:57 page -29-



significantly increased the ability of a bit to maintain full gage, and
therefore has increased the wuseful service life of the bit. However, sone
[imtations exist. Typical failure nbdes of PCD coated inserts of
conventional designs are chipping and spalling of the dianond coati ng.
These 25 failure nodes are primarily a result of cyclical |oading, or what
is characterized as a fatigue nechanism The fatigue life, or |oad cycles
until failurewoefswsbrittle material |ike a PCD coati ng FC3USH®dhdent on

t he magni tude of the |oad. The greater the |oad, the fewer cycles to
failure. Ghare@baedey thei gagd dng offgags inssrtsd dibrerefarsettic mpgnisudechthe grsultanlosd | | be
able to w tap%ﬁe%wg i Bls O et O ggmﬁcaalyhe;sqm tfeAbddth® Wiuldl R be Si NCe the
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| US97/ 05 ha et ween the
inserts. 5Th’éﬁ"€F4ﬁ"é:““°E ﬁlém?f'é’gfﬁl St%d’tlé %rfse H‘?ev"‘}“é%%e gy ? grcfyagsqof o th
i ndi vi dual the'peDt Batéds inSdrg) it ihdreagedt |This| ig ans intphrant nehfenﬂamdmpmmnmmﬂtue ot her wi se
be applied to a convent Ariort A8 ga Rbedene bit of
Figure 6 V\H?resﬁmé’fven e resul{mgr'gllmtf% gcgddtr%ﬁwéf%}%lrégn%at( he coner cutting duty. Since
t he magni t URIGP ptertiale maitzins ﬁmtwnpbrp@enswsnegs quging dirseriop| dpllipg @flows 18Msht s 70, 80

in the presgnt,J g endy A8 an ideRask 3t ihgWeenliisérfice M6 of 16 bRRS Al®, fi akgandsehof  t he
PCD coated inserts |s i ncreased. Thj

er f or manc
i mpr ovenent applicatiepewindgysefdhe bit ‘ﬁ%hﬁ%ﬁr°F%§Ha\ﬁr%%'%cﬁu %gbk’fe"(ﬁmﬁﬁ'r‘cé@f'l ity of
the gage (adrmed Quélw akha gﬁ@e g URhe (PEDX @ conR@RompLagn rovalinsersai Wheo ns

di recti onal onsi veness rin irecti OVGia ger
bearing Ii fg“ﬁ‘@g N8 SPes fefasarf §° ;{'3 se‘g‘slgselmnﬁ ﬁggﬁé‘é?&%&@e?& ggkch fe ‘Jot?wt he bit.

Al'so, it expaedbrativiebciapmiedipyot theantifesntivg necionoihe insge. Fhat istee @HTeISIar der rock
whi ch previ 9@%&&% &téﬂ@&be?&d%Qﬂﬁm&ﬁéaée&bomoxdrslpkke&dlydwcdt mylcbf&hged fatigue

life of the on conventil onal gage row inserts. tng super
abr asi veisc ot priigscuing periayaf e wgert, (o super apmsive; °Pﬂ5‘§$1‘ff“8ﬁ”’slsim "b%’ Fred that
the super gha@Sda¥@seDBancipiehly AChoftiérof tha@uteny surface Custet domgd. p@he feom "Bily t he

insert. That is, the entire surf e bl te aeeyond t he
cyl i ndri cal “¥PECe af)(‘)‘f‘ef’q’(?ﬁml geany &t 3’?2%1”@‘1 c%‘g%ehmﬁlg pBr(t:lgx?/Zsr |0§t§ ?;s}gfsh};e&ent ire

cutting por térasiveof the |nsert t he super abraswe coating is nore resistant

to chipping or %%IWd Ink'h?@ rhi1 leYovﬁ7d@,06rtmmBﬁesixrhE‘r&omsbi,long surface
wer e coat ed. Theét "ful i the £42

as USecLéherel\r} mag i fromt?lert whose
entire ceat beth havpdditignnl Flsm%'atb@H WY%C@U?S‘E?“*‘ BTN PCD coat ed
inserts in LiRHGALE résiiincbQAd théalicohdudtieinf fPED rdlatinet mngsren8gbide. GICD has

about 5.4 times better thermal conductivity than tungsten carbide. Therefore, PCD conducts the

frictional heat away from the cutting surfaces of cutter elements 70, 80 more efficiently than
tungsten carbide, and thus helps prevent thermal fatigue or thermal degradation.

25 PCD starts degrading around 700?C. PCBN is thermally stable up to about 1300?C. In
applications with extreme frictional heat from the cutting action, or/and in applications with
high formation temperatures, such as drilling for geothermal resources, using PCBN coatings on
the gage row cutter elements 70 in a bit 10 of the present invention could perform better than
PCD coatings.

30 The strength of PCD is primarily a function of diamond grain size distribution and
diamond to diamond bonding. Depending upon the average size of the diamond grains, the
range of grain sizes, and the distribution of the various grain sizes employed, the diamond
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20 both, has additional significant benefits over conventional bit designs,
benefits arising fromthe superior wear resistance and thernal
conductivity of PCD relative to tungsten carbide. PCD has about 5.4 tines
better thermal conductivity than tungsten carbide. Therefore, PCD conducts
the frictional heat away fromthe cutting surfaces of cutter elenments 70,
80 nore effici entl7y t han tungsten carbide, and thus hel ps prevent thermal
fatigue or therh®f™#8Yyradation. 25 PCD starts degradi ng aPSHHSPHELC. PCBN
is thermally stable up to about 1300?C_I1n_ applications wth extrenme
frictional heSetnes JRAvthsemdgispiande Bave idyfrring fnciiqep! ipreperiss i 4 G osedawrith  hi gh
formation tenpeirded wesr, resistanbe witl havei d different Hiamorgle@4in SEEbriFuBSO thas @ $radé!Si NQ
PCBN coati ngs . . r utter elenents 70 in a bit 10 of the

pr esent inven?é?@’ﬁzeégoﬁ ngr%%gdrtlp%rﬁgsbetter than PCD coatings. 30 The strength
of PCD is prinmari [Tpe followme ttdbienshoifs difeq ieaseadrieyr ofi diamondz evatirigs tpresdntly iavailatdend

di amond to di asRReidPoNedSiambkddr)di Ng upon the average size of the di anond
grains, the range of grain sizes, and the distribution of the various
grain sizes enployed, the dianmond 28 Printed from m nosa 03/12/1999

09: 04: 57 page -30 WO 97/ 38205 PCTI USOH{pr¥8 coatings may be nmade so as to
have differing functional properties. A PCD grade with optim zed wear

resistance will have a different dianond grain size distribution than a
grade OptiniLcd o EES Tt Tty eSS et ; shows three
cat egori es of| di anond cogt i AYE2Er e &l Wt hi | BEke th Sii
MegaDi anond lrﬁesig;l-a@ime 6| BiatbomSHilka Residl@iad* stﬂkngﬁﬁnk ion D anpnd
G ai n Resistdgnce” Strength _or _Thernqal Size Frian e Tdughness* IStability*
(?m) D4 <4 13 3 D 10 4} 25%8R%e5 |p3o >25 B ri“g%“’ssi q B0 ng of "i"

bei ng hi ghestf and "3" the | o®@est. Iin abrasiye formatji ons, ang particularly
in medium and-nedium-to hard abrasilve fornptions Rit 10 of Jt he present

invention may| i nclRde gape i n¥erts |70 Havinp a 8utti ng.smrfaqe with a
coating of SLpez—abLasi—»fs.—-EQL%mpLe,—aL—gL_a%ecLed_mnber of gage
inserts 70 ngy  DIO 4-25 2 2 2

D30 >25 3 1 1

10 * A ranking of "1" being highest and "3" the lowest.

In abrasive formations, and particularly in medium and medium to hard abrasive
formations, bit 10 of the present invention may include gage inserts 70 having a cutting surface
with a coating of super abrasives. For example, all or a selected number of gage inserts 70 may

15 be coated with a high wear resistant PCD grade having an average grain size range of less than 4
?m. Altematively, depending upon the application, the PCD grade may be optimized for
toughness, having an average grain size range of larger than 25 ?m. These coatings will enable
the preselected gage insert 70 to withstand abrasion better than a tungsten carbide insert that
does not include the super abrasive coating, and will permit the cutting structure of bit 10 to

20 retain its original geometry longer and thus prevent reduced ROP and possibly a premature or
unnecessary trip of the drill string. Given that gage inserts 70 having such coating will be

slower to wear, off-gage inserts 80 will be better protected from the sidewall loading that would
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i s be coated with a high wear resistant PCD grade having an average grain
size range of less than 4 ?m Alternatively, dependi ng upon the
application, the PCD grade may be optim zed for toughness, having an
average grain size range of larger than 25 ?m These coatings will enable
the preselected gage insert 70 to withstand abrasion better than a tungsten
carbide insert that does not include the super abrasive coating, and wl |
permt the cuwopmgstructure of bit 10 to 2 o retain itSPCHUSHO8 geonetry
| onger and thus prevent reduced ROP and possibly a pr errature or
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bit life. mr@%%@z‘rlﬁ%mfsé nSéear rgs%ﬁflceraﬁa\kohglﬁﬁﬁ t 5 sﬁﬁblb diainbridoating

configuration rrus‘%u be a to wthstand nost wear
resi st ants s (Qsef-gagsrinsent %‘“r‘r‘éﬂ‘éﬁ’i“’ﬁf‘““‘g‘vﬁ’@@‘ 1an”9 g}éﬁ’l @,ﬁ %;mﬁlﬁnay

application 1oweﬂ\9££&etstme|hudrue ngdemfeampormmagewmvmm@mewm%ﬂm
toughness. 2s9t LaRiSa ARG %@Q bl Rad @bl bnBACsub 8EskveBibg) such an

application FaVE e t oughness and |.ati | ower wear

resi stance andzlprbérahlmd@uldfbcanaéF afrd fieer @“H'G‘ECWGE“FF %‘9@?"5{;@' ig¢ g l&};‘?% range
larger than 28 1 2mndos®0is MGk #Bbdlitolt 6f 6oxa Mgt gt dsee7emehact ur ed

wi t hout a super abrasive coatjn a finer
gr ai ned éérré‘ﬂ%@l“’t"lﬁﬁ‘@‘é‘faé’r‘\deceéli“bf g%"’@?sa{g“%q"naleres'sgnye a\é}g*r*rﬁlvgg?ﬁﬂ esésr of 90.8

HRa and a cakahil semmeﬁa inGdrts G¥méalof werade itavingGonpminahkasdness 889 HBA arsi&ewta 20

o D ant &I EE e & gl foeRPIToRRh of SB5HRGE and have
si gni ficant| t?l% %dtgtgdﬁféw&""gﬁﬁgaga se ReR

an i nserts forned ‘{Haol rade
havi ng a nors. nmhermgdmssmec @ouRy bemernetefmﬁ? alopggicwpfereyial sapiest S4M o a
typical gradg, {Qk.6RRY SRiWnGR Hguldda, inBs@rb Sf #klexaniflh al belidaienpibte & gur e

25 resisting wear and thermal loading in these formations even without a super abrasives coating.

Also, applying a PCD or PCBN coating on gage inserts 70 may be undesirable in bits employed
when drilling high inclination wells with steerable drilling systems due to potentially severe
impact loads experienced by the gage inserts 70 as the drill string is rotated within the well

casing — loading that would not be exposed by the more protected inner row off-gage cutter

20 clements 80.
The present invention also contemplates constructing bit 10 with preselected gage

inserts 70 and off-gage inserts 80 each having coatings of super abrasive material. In certain
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6. Where gage inserts 70 are nounted between inserts 80 al ong
circunferential shoulder 50 in the configuration shown in Figures 1-4,
inserts 70 of this exanple are believed capable of 25 resisting wear and
thermal |oading in these formati ons even w thout a super abrasives coating.
Al so, applying a PCD or PCBN coating on gage inserts 70 nmay be undesirable
in bits enployed when drilling high inclination wells with steerable
drilling syst ens’ JUE% o potentially severe inpact |oads ék’[fﬁ?ﬂ”@ﬁé’ed by the

gage inserts 70 a i1l strin ot at ed hin the well| _casing -
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formations, it may be desirable to_include coatings on inserts and 80

that have gr e‘&?@fhs {TREOMRECIEUS BT SIVE {PIRHIARs). difeey b desirably 1oty ey alwwe such
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direction We'8]0 for ex LLg magge ecte 100} é)l‘ gatﬁfla?r?gwgst}/oail ?g ar rgpgfg‘llslél ;’g

strengths (nonhonD nedtis "aurasive
i ncl ude superinsgbeeasn vowd begdssitabla tpsnaiude bmthelg&g@renmmm$tai0:omd onbff-gggage
inserts 8Qs lifked ¥6hafdiVa Beclﬂéeh?fbs Act erdx f s saﬁ%p?ncaugtq it wodfd b%?%%ﬂngtb rmy be

subjected to a nore sevefe | npact i'ng than gage I'nserts
i nstance, it 'WEERIRY arhampad Fqating o8 insert ?"n‘tﬂ”ﬁﬂj@ a&“‘tgﬁﬂ’@ﬁ'érze BreeRS Bt df
resi stant coam, whileogagoihgrtgagRy thplbymert el Qesistam)bud Aot 8 Hegh diginl Soafif,

According! v, i o2aRatlt ARPHLE L 80k it HOUS ASI0RL GRORAL © L0 CPl 0y 3

di anond coating on in raln Si 25 range of greater
than 25 ?m whi | Gptupzation efauitar ememteeﬂpiwqm@ withathe presntsineantion isut not

as tough dpanpg eabids) the ‘il%tne@&t RAR b | T FREnid GFeABRuHE indi g W L hi n

t he range of 4-25 ?m or ‘sma ot i m zation of cutter element materials

i n accor dancdsih of W%V"&P‘é%?éﬁi“‘af'?ﬂ?é‘m Frogongidered sofall withim e sqops ofsherpsgseny by t he

Exanpl es set ifvesitioh. bel ow. The Exanples are illustrative, rather than
Example 1

A rolling cone cutter such as cutter 14 shown in Figures 1-4 is provided with both gage

25 and off-gage inserts 70, 80 consisting of uncoated tungsten carbide. The gage inserts 70 have a
nominal hardness in the range of 88.8 to at least 90.8 HRa and cobalt content in the range of
about 11 to about 6 weight percent, while the first inner row inserts 80 have a nominal hardness

in the range of 85.8 to 88.8 HRa and cobalt content in the range of about 16 to about 10 weight
percent. Comparing the nominal wear resistances of a cemented tungsten carbide grade having

30  anominal hardness of 89.4 HRa and one having a nominal hardness of 88.8 HRa as might be
employed in the gage row 70a and first inner row 80a, respectively, in the above example, the
wear resistance of the gage elements 70 would exceed that of the off gage element 80 by about
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i nclusive, of the various pernutations that are considered to fall within
the scope of the present invention. Exanple 1 Arolling cone cutter such
as cutter 14 shown in Figures 1-4 is provided with both gage 25 and off
gage inserts 70, 80 consisting of uncoated tungsten carbi de. The gage
inserts 70 have a nom nal hardness in the range of 88.8 to at |east 90.8
HRa and cobalt content in the range of about 11 to about 6 wei ght percent,
while the firwbotsmser row inserts 80 have a nom nal har ¢I&597M8t he range
of 85.8 to 88.8 HRa and cobalt content in the range of about 16 to about 10
wei ght  per cams. . A GREpafined erhivdinronf thad example, hpweyerdhas iveetts 7Qin the gagpom ed
rungsten car by, gg %radgalnﬂ'&'r{e%lgfgd%lﬁzmmd%ﬁkco%ﬁt@ﬁ&s&@h&%ﬂdﬁ&8@51{1 one
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resistance o ercte esumﬁ e SIEBR175 aré Ghovhdndhresxiee 6k wWeanrksistdnt dshé-gagd ingage

element 80 b out rlnte fromm 3/12/ 1 04: 57 page -33 WO
97/ 38205 %BQWPEIBQQ‘S“WH‘S‘%S it hﬁ?%@é?’“@‘&%(ﬁ%?ﬁ%‘%’?oof this exanpl e,
however has gfmgdés 70 in the gage row 70a with a nom nal hardness of 90.8

HRa and cobalt content of t ff-gage
row 80a with a n&ﬁ°ﬁ'§¥ cwgf‘g‘lr%%ssu% ofcg(g&i?;& gﬁg%{)gj ls%?%ﬁ]ﬁﬁmgfcgabout 12

percent, su c&bateh] gﬁge desgres 10repé pffgagp Ollsaﬁsegormﬁ%suﬂgﬁ%frﬂnqu% ingstenecarbide. (fheyr

resistant as ?F J15%hd B niay 80an Quhbmmgn%mg wiikgiRe inftRe8d i tHEGfar e nore
t han 30%tou°qn tha %a e |nserts %’

té g ol I[{ ng.,cQne cutter

such as cuattsqgeMV%hswmml“ﬁ”ﬂd@ﬁ?@s‘h”f%“ 8 KOG Ut ed gage
inserts 70 apd bl ofape l6ﬂ8@5&u81(8@exgmr1mcext| ﬂ‘ge mbst prefeged enbodimentsafahis car bi de.
The coating on the gagar §d$§hecrot ag”é’\v,"v‘éﬁ‘ og’%%&gg}@ﬁggsqq%lagg whi | e

the inserts SOl bpgiEse r ‘have a nom nal hardness in the
range of 85. &bhmco&&manﬁiRangmdalxomUaltqabelérWHﬁshtp?ﬁcemt he range of about 16 to
about 10 wei ﬁht,ﬁ&egcent The nost preferred embodi ment of thi s exanpl e has
inserts 80 i of f-gage row with a nom nal g:ardn S Ofv“? e 88.1 HRa
and cobak$ cont emtollmaC?Wé“tfeaﬁ{j'éascﬁ““%%ﬁimﬂ“‘L“ 5 OV ¥ tP per cent .

Exanple 3 is cété&%'a% o iRGrCRNRG 60 pdee insG1d @D Ts= coating e thiéaga;msghdmr ofede gur es

1-4 is provided wth PCD Q@&anit g@ts 80.
The coatl ng SRTEHE TGS TGP LS TO e, £ bl trfingl b8 ﬁ
sui tabl e PCDcediag brte gaelingrt0a$ aptimedifonwesniFesey mébastahi‘@m&?(%ﬁf) 1z "‘Eﬁ“ie

coating on the,03ge 4 U386l bs A, e PEbIGRH; bPthe RlgenBatI0anominsnd thas an
average grai i Stze eé

20 toughness and preferably has an average grain size range of greater than 25 m.

Example 4
A rolling cone cutter such as cutter 14 as shown in Figures 1- 4 is provided with gage

inserts 70 of uncoated tungsten carbide and off-gage inserts 80 coated with a suitable PCD
coating. The gage inserts 70 have a nominal hardness in the range of 89.4 to 90.8 HRa and
25  cobalt content in the range of about 11 to about 6 weight percent. The most preferred
embodiment of this example has gage inserts 70 with a nominal hardness of 90.8 HRa and
cobalt content about 6 percent and off-gage inserts 80 having a coating optimized for toughness

and preferably having an average grain size range of greater than 25 m.
Although the invention has been described with reference to the currently-preferred and
30 commercially available grades or classifications tungsten carbide and PDC coatings, it should
be understood that the substantial benefits provided by the invention may be obtained using any
of a number of other classes or grades of carbide and PCD coatings. What is important to the
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of less than or equal to 25 ?m The PCD coating on the off-gage inserts 80
is-optimzed for 20 toughness and preferably has an average grain size
range of greater than 25 ?m Exanple 4 A rolling cone cutter such as cutter
14 as shown in Figures 1- 4 is provided with gage inserts 70 of uncoated
tungsten carbide and off-gage inserts 80 coated with a suitable PCD

coati ng The gage inserts 70 have a nom nal hardness in the range of 89.4
to 90.8 HRa andg‘é%7 B8balt content in the range of about | PCTHSHIE ©

wei ght percent The nost preferred enbodi nent of this exanple has gage
inserts 70 w ‘L“He“3°’hi5ﬁ'?°r?£”%h‘3r"dﬁé§“swﬁf regigtange,  thezmal i3bility spdh foughniess oé prtttenbout 6
‘percent and oéémaadge, $orkyatipbyif) cluside dﬁger&leﬁﬁﬁi nid Qliatohd EBaZrsndvidlg dife neSS
and preferabl [ &l 28 J; e of .greater than

Al t hough t he ?rﬁgﬁ%@gnﬁﬁa@%mﬁ% %légll‘l ed ?/?/l(’tfﬁ’ PETer é"g%’g'mif g h%appl'ed
current | y- pr efsingregen merd weg(eststanhesrtethér| yngsieradatbidg | REDgoreRIBN irfaces as they

cl assi ficatg %oﬁé&m@ﬁllp@&mg%mwm coatings, it should be understood
that the substantial benefits provide t he invention may be obtai ned

usi ng -any of a nﬁ’ﬁb‘@ﬂz‘“&fhcé‘!aﬁ%‘i‘m‘cﬂ“&%@ga’GPm’Q’Paa%§°fcﬂ“8’~’claﬁﬁm Heand roff- sz
coatings. \WhainseitS80 MP0S theud of dork HiPressBd cfing thides ih G TWsTOSAd B e rchid

Vary the wear pass !Dgﬁ%"g%%%q‘ﬁ?ﬁgw%@ié aefn?vﬁ%aaxstvaﬁ%rhé’fgugéﬁ éﬁﬁm‘%ﬁé«a‘a' i
el ements 70, $Bepelhygutengiénmeyis imgone ar imtide gagetrove 70achd: off-pigs roanxbadp@ma{ichfsgati ngs
havi ng di fferd,qg sndp@¥Th ﬁe&ﬂu@{&e‘gﬁﬁ\ﬁ%@cﬂﬁﬁ%ékﬁaﬁeﬂ?ﬂd 5 19?772{ %?zgh?é ad ?Lugﬂgr

present invention nay using even“nore wear
tungsten car sh¥fe %EBCSFCI‘F’%?\PfWFa’éé Y ingorparaeshherein by thisaeferensondvelris mbdrty

avai | abl e in grisenty\pretied folpk hxnan21lorme prescht Ve RITR X shévittin PR32 s GRIRI Nati ons
for gagelnsel}os 70.and of f - 9 {8%5 80 all ows the use of nore
aggressi ve culChi pi§° &kEhe? 4 %gﬁjée V’B% 7 ﬁH‘B“‘f?flfC i5eh dnserisdiging gogor-eadi ng
to increased tR@ehtiphinersectiars of Hpewtifg mefhdey andihavihgSanAigiliadl RGOS The iléR| Oy

chi sel - Shgpelqocllébtax% ngltﬁ%qgcﬂttéat lhe cggg rare: sgbsban aglﬂgargﬁl R A I’ld Off gage

row 80a. Preferred chisel 10 cutter shapes Thet t§§°”§ﬁ6\7\ﬁ

descri bed in thatte e‘F’alt%ﬁfthmest 'Batzm@dsimﬁhesmnelﬂs 22 isctlosedt, t8 B2 pit 385 11t he

di scl osures @res90GR g fhséd 170 It t%%rag’et&.ﬁl'e b@wmzhbiﬁs&ﬂ% of lﬁieﬁrlﬁ‘d‘ﬁ%fr

chi sel insert re%entl ref rred f use in bit 10 of the present

i nvention i s SEHoWA “FRE] g‘Evém’ yydescrib hovvn, both gage insert 170 and

of f-gage insert 18 auting surficest of rthele irisersel70, 180 afidysbehfarnied Qliffegent @Rdest @Ngent i al
i ntersecti,gn t f an |ncI| ed .crest 190. The
i nserts |s91?8%“1%31rca)lglgsﬁ'"le{l ctglrbilagﬁrt%gg hgﬁec P4 E’gfsn?#a -t ‘fmmT@ﬁm ’?aém’? Yantially
paral l el to @wFiouskyscriped shayp. slem%thwanqu-egamsenglo will tefmeore e resistawce  ext ends

furthest fronkafQHegagingert2i80] IndehOF@S 1801 Ravin]) Supdd bbr@t Soadirlgs should be fully
capped. '

Example 5
25 A particularly desirable combination employing chisel inserts in rows 70a and 80a
- include gage insert 170 having a PCD coating with an average grain size of less than or equal to
25 ?7m and an off-gage insert 180 of cemented tungsten carbide Having a nominal hardness of
88.1 HRa. Where greater wear-resistance is desired for gage row 80a, insert 180 shown in
Figure 13 may instead be coated with a PCD éoating such as one having an average grain size
30 greater than 25 ?m. From the preceding description, it will be apparent to those skilled in the art
that a variety of other combinations of tungsten carbide grades and super abrasive coatings may
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Crest 190 of gage insert 170 extends to gage curve 90, while the insert 190
of -insert 180 is off gage by a distance D previously described. The
cutting surfaces of these inserts 170, 180 nay be fornmed different grades
of 20 cenmented tungsten carbide or nmay have super abrasive coatings in
various conbinations, all as previously described above. In nost

I nstances, gage insert 170 will be nore wear-resistance than off-gage
insert 180. IW@&¥$®5170, 180 having super abrasive coat iFAEF¥SEABE d be fully
capped. Exanple 5 25 A particularly desirable conbination enploying chisel

i nserts in bewspldiedadvauiagdOmly dpmdlmaotg‘agmchlwpmaﬁmeﬁawlhg@qDﬁMCOm| ng

with an aver, i%f§ of less than or equal to 25 ?mand an off-gage -
i nsert 180 o?pqlg%%éﬁét'@crﬁ%un st en car bi de, havi n a nom na!r8 ardne 88.1

HRa. Were great®e prasast mY@ﬁ‘?“s’P“d’rP& gmplayed; insfepldop 'B‘P agdllas IGLpis s ﬁ’ﬁser t 180
shown in  Fiygdrstrod RithReYerdnbstb Bfgdre heaaaat &cshaini, b steel RGIR coaBO gdpdoras one

havi ng an aver reat er than, 25 2 edi ng
descri ptidn a"acggw T%Ia%ﬁé”%'pléé‘? Bk “fq""efﬁ reyiowshid efcn%ﬂdm“hgu%%%g%?rﬁg ‘Pa vari ety
of other cormrbi Maieh tasnveditioh ingysplayed marstybldwﬂgbladsémawdldanb@? a plyralityiof :

671 38205 PCPRTTEE Gl HhE B0 L8 Robdid 8 AR {alioe cotbu ™0

vant ageousl upon the
particul ar fsofants od abes! Flgfﬂeﬁ“l“lv‘lh@ 'Seme’e‘H?q“'chﬁ‘ ?P@‘ca‘éb‘&‘? Eﬁaﬁ“ﬁ q%? Y applied.
The present ) QyaRidel d&%ﬁbe@%@m@vadmerrcssneﬁbwﬁ mmgmbws Siwfilath steelas TCl
bits as will be undérstqod wth, refgé q{egﬁ ure nd 11. As shown, a
steel todPh Roghwuterdgo includes heg! Lo jngrs 6 e ﬁ’r’ﬁ "tl(s) eb FBFTY in a
|'i ke manner cager [areﬁ.vms)uﬁ:hy;s G&eatsr'lobdmbosmd mﬂ]aqeaftenlermumfg'emmhsmuldet SN6as V\hen t he

T R, o Sl o i 0

plurality o |ncludes
a backf ace 4®;hcmsgmh&ampyommremﬂems&ﬁ?fé@élﬂmﬁﬂl heelguréape %‘iﬂbP‘&G%Ph44 whi ch
s formec Delees) s%?m:&%ue‘?W4f1@ﬁﬁneﬂ@>oﬁr§dg&s%ﬁéﬁéﬁﬁ&ts4ﬁ relihbd rd612/ R4] OUS| y
described with reference to the TCl cfhown in_Fi ur@z Simlarly,
steel 10 Bodehe pride aﬁ@@slf‘?{d’ﬂﬁﬁfé%"“ﬁ‘é‘él SepRiv g e 6S Qo BALERTIL hi n heel
surface 44, g ega@ﬁs wwo eu*n tiekh akemsntishescs plaslity i dirst $mgOrodi @pased

adj acent 10 doen 1€ HLSE Rk 1e§|as PR HEhaRD AR _sRAUCHBenAEL BRg

Al t hough de cutter enents 70 may |1 kew se be steel
teeth or sori!yemrﬂwprs pfwﬁer resrlst@um%tefﬁl 21 torimprpve dugsbifityfof quiter °l"§‘°'f‘§)‘rzﬁed in heel
surface 44 about In%mnndngl%?eﬁttoﬁlpbltsSthéﬂixlst&&b ¥f tedti®hri Rtegrallyl folnfiedfi® taR6heabo Ut

gage cutter elenments 70, relieved areas 122, 124 1 ein vi ded as | ands
for propee rssse AytodRdomease nt BYS RIACTET fefhlss Pl theyee ge ?F“p"ag“ g i to

borehole comer without any substantial assistance from any other cutter elements, as was

required of gage insert 100 in the prior art TCI bit shown in Figure 6. By contrast, in the present
invention, cutter elements 120 are off-gage within the ranges specified in Table 2 above so as to
form the first inner row of cutter elements 120a. In this configuration, best shown in Figure 11, -
25 gage inserts 70 and first inner row cutter elements 120 cooperatively cut the borehole comer
with gage inserts 70 primarily responsible for sidewall cutting and with steel teeth cutter
elements 120 of the first inner row primarily cutting the borehole bottom. As best shown in .
Figure 11, as the steel tooth bit forms the borehole, gage inserts 70 cut along path 76 having a
radially outermost point P,. Likewise, inner row cutter element 120 cuts along the path
30 represented by curve 126 having a radially outermost point P, . As described previously with
reference to Figure 4, the distance D that cutter elements 120 are "off-gage" is the difference in

radial distance between P, and P,. The distance that cutter elements 120 are "off-gage" may
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cutter elenents 60, 70, steel tooth cutter 130 includes a plurality of
first inner row cutter elenents 120 generally forned as radial | y-extendi ng
teeth. Steel teeth 120 include an outer layer or |ayers of wear resistant
material 121 to inprove durability of cutter elenents 120. In conventional
steel tooth bits, the first row of teeth are integrally fornmed in the cone
20 cutter so as _to be "on gage." This placenent requires that the teeth be
configured to YH*PHE borehol e comer without any subst anPFHUSI¥8%45st ance
fromany other cutter elements, as was required of gage insert 100 in the
prior art TClkeyise bg meserstops aheingrthe distangg Dwiyely ig the mipimumpistageechepygen the

i nvention, cuitigsu@lcesfikd eldméht 00andiht gd3agevewosiwd i Figuré a1 DebeitgRgel fi ed in
Table 2 above so as to formthe first inner row of cutter elements 120a.
In this conf it°g61rati on, best shown in Figure 11, 25 gage inserts 70 and
first inner row cSset @othedupere intch at 20tteg d3( bavatpaiallar applicationan hadatiztiplseft coner

w th gage s " Hibnbiitn frdeefdid ¥R Yo E%feﬁ&ﬁ&@ﬁhﬁ Bltin iy ppILEHAL INFUEILO G ARG Wi th
steel teeth cutter elenents 120 of the first inner row primarily cutting
t he bor ehol e rdrsiveipspft fomatinas in eriebHbits in Whithghegageraw cyjtersconsisied efsteelitestly h bi t
forms the bokRhGHsRnial@@Ral BFRlit Akt 64berBined By RSk Reol Geth By Biscne eali al | y
outernost point P,. Likew se, inner row cutter el en%nt 120 cuts along the

path 30 repr ¥Rl P & fegres 1oitha Rt brgomes rupdsrsigef g GRBPBERAIBSRE P2 . As
descri bed pr ediigsally bidalish therfa@maticdmisteriaiccuf-bygverea seel tob biti fetentdeinéhdeh at

cutter elepents ,120 are "of f - e differen i.n. radial distance
bet ween P,l'0 aﬁtg’?wym% Haéw‘clﬁdg geﬁ%gg?%ﬁgts%%{lﬁgr éngﬁs’enrrr.g}??n? albgd' a?gt?gempgfc i -egrgage" may
34 Printed f eloments Ponaa@dretr2¢nGRonOgl-gage 8¢l (seily 620 28 hoyn 19 Pig@e2(P5nd 11

PCTI US97/ 05948 viabs KRS of Qordd AGHiRg eag_aa& p&&itd e b Qo Hidbad GeryDbralfdd Ch s
t he m ni rum di stance between the cutting surface of cutter élenent 120 and

the gage cur {smamnsad\im prereniprgmatge bt wegs Qther hgpetitt)and| advantgges) of te gessent oot h
cutters suchiméntienithitererelpdiolisly @sdpidéd withttbferenca fpal TCT 8it kyply dqiihlly & stekli gz y s of t

s fornmation terjials,an re eferred over . TCl .bits, in ny.a i cations.
Never f hel Sos TR Gl nd hilyaitiebe B B Sadielqr ikt afinksd alBneRE Rt 521, 7S
whi ch t he gageeiwwmtsd0tandcefEgagesterl Eeth d2G f Ontimimationtod euttar, elentehemateriols tirasitel all

si dewal | cut {dofiGirl £ ffthdPdStntRe bPRE HINRIRAE cihpRiel o R, t €€t h may cause the
teeth to wear to such a degree that the bit becomes undersi zed and cannot
mai nt ai n gag&*@mplgdii t i onal |y, because the formation material cut by even a

steel tooth bit fA@&UEBLHIbYK hiviry altdScuitsd 130 such B showwi inBigra i Bpfovidegwiaes of

-hardness and abrasi vengess roviding.a bit. vi,ng i.nsert cut enent s
D oo D R B el 70 Ry o i o Bting] Bt wBRRE i ok B oo ST 0% 1

and 11 provHBesndzolit¢brsenpin thefrangoesfabout UL to abryt @oibywaght Watkimihissaghdtibi t to
wi thstand ve P%feﬁQ{ tﬂaﬁ'éé(g% insbrRl 70k e W TRmHAChaldResP WRNE He rREESRO YRS ods HRYEAT -

O her benefits and advantages of the present ,
Off-gage teeth 120 include an outer layer of conventional wear resistant hardfacing material

such as tungsten carbide and metallic binder compositions to improve their durability.

25 Example 7

A steel tooth bit having a cone cutter 130 such as shown in Figure 11 is provided with

tungsten carbide gage row inserts 70 having a coating of super abrasives of PCD or PCBN.
Where PCD is employed, the PCD has an average grain size that is not greater than 25 ?m. Off-
gage steel teeth 120 include a layer of conventional hardfacing material.

30 Although in the preferred embodiments described thus far, the cutting surfaces of cutter
elements 70 extend to full gage diameter, many of the substantial benefits of the present

invention can be achieved by employing a pair of closely spaced rows of cutter elements that are
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invention that were previously described with reference to a TCl bit apply
equally to steel tooth is bits, including the advantages of enpl oying
materials of differing hardness and toughness for gage inserts 70 and

of f-gage steel teeth 120. Optim zation of cutter elenment materials in steel
tooth bits is further described by the illustrative exanples set forth

bel ow. Exanple 6 A steel tooth bit having a cone cutter 130 such as shown
in Figure 11 weopw§i ded with 20 gage row inserts 70 ofPCTHAYOEUH car bi de
with a nom nal hardness within the range of 88.1-90.8 HRa and cobal t
content in tpstinahtgeshass thebrsdkple samer suttgshyty. Boae thequiing surges af the Qfiers r ange,
it is prefeiqRis bPakn @308 iR t Suck on Eibstimdnt iOdMbwiain Figredizegerewitt10i n t he
range of 89.4 to 90.8 HRa. - ga eeth 120 incl t | ayer of
convent i onalinahisy 2 'i‘eék‘i°§’t°§ﬁ‘t“°’h°é‘i”lf?'§g§‘r’lvé"’h EF’%rmf%é{'lg S_“rgaﬁéégﬁég’& nggogglpgﬁg%car bi de
and met al | i Gndinaderaldg spresictvhizh snctudesianglially most Histant pejufPatsimeasuged fipm btk anpl e 7
A steel toot h'sl?k.L’Ekges\{tllggmt%e#f&gﬁes%qg& 6F cuttes Qe 48 BartRR MRS suFb @b 11 1S

provi ded Wi t*ff' t'en carbide gage row inserts 70 having a coating of
super abr asicuesongf cuR€D46 thaPi@epdes a yliatp mpetdisaat poih Poyetter ¢ifpeniscdid B%s ™ an

average grai siﬁ(in%(?sott their Suttig surfAER At RFf-gh Riisthfice Dfrorbdge clgaO®, Wiepsd, t eet h
120 include 'a I'a

yer of conventional har %%l nwt?rlgk. 30 AI'Ei ough in the
preferred erba enslitethe differencs anthe fadial qisignce hepesn Ropt Fi ¢ £y A5 MIEANEC SPMe i ¢ er
el ements 70 x4, 1AQ shdowhnlin Gig@e 12]ibkanmotigther indhidys axbw toli eff-gagh sttentleméntsbenef i t s
of the present . invention he achi eved.. by, enpl oy j I | osel y
spaced rdfs 5P tatgut %‘Pnge"l‘“é'ﬁiﬂﬁﬂgv'{‘%?@m r%osp%sg%mqﬁk’é?’ p*ra B%OW!#DFSI%EO% 12/ 1999
09: 04: 57 pager cldify)lis bBalQJ (13 STREnRGT HIBDIHOEOHEveeh paitty P & tsonephigde t he

borehol e corper,.cuiding, ﬂi‘é%x%(bod#?ﬁéh, Ph&bRa bdBleddlts be\Githithd BERSf @ftariche cut ter
el ement s of eac'ﬁ row are ofr-gage. Such an enbodi mept .j s shgﬁv\QRl I}sé)Fl gure 12
8

where bit 10showmin|Tabled akove i may Bessthaoof eaup! 9P i REE™2RY S 1A cutting
surfaces t hafosigdicgRedr Clefithd 140ag@coopenedivilnai: the bidrehale oorger.ovithwcetted Blemiritc h
includes a radially nost distant point. P. a [ bi t.: is 11.
The bit 110 fUOrRTERLlYQHiRE e %?’ﬁhf)l\?vsgi vl PR &P éeélr%%eaﬁst gﬂl% thaétuhwgvﬂze(cut ting
surfaces t hagoreh6ld botednD NgeeCaunnarelefidds 6thwmtve torredmdieborehole Aifull ipasp dipmster b st ant

point P2. Cutter e&?;@%%ﬁ 140 rakSionRRstilicemRed bsenodi@ewdinei r cut ting
surfaces are“oft -ggage 4 dF st ance D, frg)&,?gge curve 90, where D. .is also

equal to the dif flenesious preferrrd embeimgnts gtion ey e ha e #id 4eChibiy o as
measur ed fr oggifationd Mefofledn boASads BYOONS skilfed i thie urtavithdyt départingl ond e spirrand ncl udes
a row of off-gage cutter elepgents .0 1Sp t. : v avi ng
Y oL S B b e Ay B e

limiting. Many variations and modifications of the invention and apparatus disclosed herein are

possible and are within the scope of the invention. Accordingly, the scope of protection is not
limited by the description set out above, but is only limited by the claims which follow, that

scope including all equivalents of the subject matter of the claims.
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for clarity) is equal to the difference in radial distance between points
P2 .and P, as neasured frombit axis 11. In this enbodi nent, D2 should be
selected to be within the range of distances shown in Table 2 above. D,
may be | ess than or equal to D2, but preferably is less than D2. So
positioned, cutter elenments 140, 150 cooperatively cut the borehole coner,
with cutter el %%&Jss 140 primarily cutting the borehol e sidewall and
cutter el enents pfimarily cutting the borehole bottoRCTUSENOSM¥Yt t er
el ements 60 serve to reamthe borehole to full gage dianeter by renoving
t he remaini ng KclamsAisit i on material fromthe borehol e sidewal |. Wile
various preferred enbodinn@nh-oriif bithfer driilitgnd bobdRolda¥ @ PRRGEMERO kA RE bit
- descri bed, nocq;néji.%ti ons thereof can be nade by one skilled in the art

wi t hout departin omthe spirit and 20 teachings of the invention. The
enbodi ment s descri beitbddphaving aditexiwxenpl ary only, and are not liniting. Many
vari ations and modi biuhi 56 e Eurdeld Y60 RoBRE ARRATA'S, Haiilag 5

herein are possible and are wthin the scope o e I nventl

Accor di ngly, tefeerally goniealsurtace andap adiggent peel yEece; | i nited by the description set
out above, but is »phalilyi o fir@uly efefients bedirtBoVWiistorl @ial BMY cultbl@tn 2 SRGPE
including all e uifval. nts of thel. squﬁect master of the clains. 36 rinted
from ni mosa 03I TSNTEEE BY: Hif Byl ghimsetterslaents Baving ouiipg eysgoes 95948t \What
is clained is:preselecen wemmesistatyothiangyt ddong afficst cuding dthi agingia incst aliallyeistint Fbint

predet er m Ngd pYAGFeasutddGrodishid bt @GPT I Sing: a bit body having a bit axis; 5 a
plurality of rolli ngl cone cutters rotatably nounted on said bit body and
having a gener al | 3/Pulfy ©f pecendropties glements sepireddp aaidfitst dope futtenonf saidaonical
plurality of fsirfidé aifn! £5ecsHd CATRUMSermBICIHW Akt GOspRcell iapaft it sl RANGugUL L ErsS
inafirst ci [ctilm‘e enti. al roe]\fv, said plurali L%uof first cutter élenents
havi ng cutt i ng" GiPt Hcweongseutier sqloments having euiting isutpecreof,a pesandpresplected; weer cut
along a first reistabdertbat pat slodgoa beaghd acunting path haliirgl 4 yod irsdhabl disAfd p¥int PLQs P, as
measured fr, j i XIS al j. S d cutfer elenents. secured
to said fir gtmn%?rl\%d?ﬁ{nt%?_b%r?x 'gat?JdH {i:lglndllsté%éﬁ%g'usr%?%@e“ﬁn‘ﬂ;ﬁ Rogding, Bﬁﬁi‘a?

ci rcunf er ent i distapcs\fomiraid bit gxig ledz byja diptence Dithabimselegted| such that said @iuralityadf dirst
plurality of sefpeémdatslah®Laidl @R éiSeddRdduld efehtbrtd ddbhemtivdyPaf Be QJmet@ﬁFﬁgond

presel ected ar. resistance that c al ong a second cutting pat aving a

nost radially %rf@feaaﬂé 5‘18&?’ﬁ’ts“éilléagtyi#%ﬁ‘eﬁ%%éﬂmfsrpmwlﬂ thsibprehplq sidewnlh o

radi al di st anesl shid phoadityiofisal stcoakéugertelemEhts peimiie dlit (g bérbi@lerbagingnd di st ance

Ifo rom sai S At axT Suleflinfsia ot FreddloftbANGPrelfodnlitrdSercH a8l SilSRcrbd\ier 501
resistance.

2. The bit according to claim 1 further comprising a circumferential heel row of
cutter elements having cutting surfaces extending to full gage diameter of the bit, and wherein
said cutting surfaces of said first and second cutter elements do not extend to full gage diameter

25 ofthebit. .

3. The bit according to claim 1 wherein the gage diameter of thé bit is less than or
equal to 7 inches and D is within the range of 0.015 - 0.100 inch.

4. The bit according to claim 1 wherein the gage diameter of the bit is greater than
7 inches and less than or equal to 10 inches and D is within the range of 0.020 - 0.150 inch.

30 5. The bit according to claim 1 wherein the gage diameter of the bit is greater than
10 inches and is less than or equal to 15 inches and D is within the range of 0.025 - 0.200 inch.
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cutter elenents and said plurality of second cutter elenents cooperatively
cut- the corner of the borehole and such that said plurality of first
cutter elements primarily cut the borehole sidewall and said plurality of
said second cutter elenments primarily cut the borehole bottom and 20
wherein said first presel ected wear resistance differs fromsaid second
presel ected wear resistance. 2. The bit according to claiml1 further
conprising a WPP¥#Ferential heel row of cutter eI ementETARTRYE cut ti ng

surfaces extending to full gage diameter of the b ﬂglﬁd where| sai d
cutting surfacest.of qufdtqcforf@%‘aﬁ’ﬂ‘“’s'ewa"E"Lﬁag"e‘?'a"éeiteé ?%‘“85“?*‘3 Bxtend to
full gage d'l@%ﬁe@&ndﬁéuﬁl&n&ﬂb@m@wroo& 0Hseinbh.t according to claim 1 wherein

t he gage di arreter of the bit “ELBGEIS"E hg%g-ap[fﬁteg%gg}sa}d oZedéuH&p% dDis

within the range’of @hgakaccor 't according to claim1l
wher ei n t he sgiagitaite Brehesams ffor bdek ofsaitl pumlity of@nequtterthan 7 i nches and | ess

than or egual tog10 WiefdinRaid 545t ol BiEmHs o8 fd2bned Ma150 i nch.
30 5. Thegblt accordllrﬁegln{e ?[Pﬁajgtpdhﬁmlhereln he c |asmat'§r (;lf tﬁe bit is

great er t hargagekow.iseid brogndgnier P‘Sm‘-‘r"@%PPSr‘fti’ﬁmdﬁff EABR AR 1C51‘[56“’5‘?5"°?"'nches and Dis

wi thin the rangegof Gy08Paccor@ing3Qalni @ Whereis aid¥irktipredélected avearmesivase iOa/ 12/ 1999
09: 04: 57 page -39 WO 97/ 38205 PCTI U897/ 05948 6. The bit according to claim
1 wherein t Heasigwigeascreatas sug seepnd pigssiepipd Weare 9§88 o1 t han 15 i nches and D i s

wi thin the rangei®f GnmOBDaccorin®b@lainm8 Wherdin salthfirstiyirdselepted oveafi reniptanes ightai m 1

havi ng at | east three of sai ein said distance Dis the
sane for Radfsiip vEss 3 S5 %ﬁ'&jstewné]?resg%éﬁééj‘%%%mggg& s 8. The bit according to

claim1 wherein $&idThe b$tccmims torclaish & wberein saif secopd pietelegipbyed FPsigianchifge row,

sai d second Gk BRI SidBtE &@@té@\@m@m& gage in a first Inner row,
9. The bit agté%ﬁﬁ‘f'“ ?-EH%C all m 8pr in sad ecte

resi stance is at 12| eaTélf bit Wcﬁ"é“‘&? C&F%gf”h%{g‘“é%ﬂ sﬁwé‘ggrcg% BEE[RE c(‘?l'vvear
resi stance. alQastT@ﬁnéalaigra@maldﬁfsg;résaemﬂdmemr&smre| n sa| d first preselected

wear resistance i %; msmtgu§&ggpgld
presel ect®d wear ?e g‘fk\‘lﬁcé‘"g IM%H"g E%%%%@org‘gﬁ to claim8 wherein said
second prese;blﬁelttyecfgmmtqrelsmmtsamea@atmatof?}%eﬁstibf'é%ce as great as said

first presel ect eqy Weafe bt SbcdkiiR iclaith® il laldtcuﬁﬁg:afrﬂteﬁgfiam phirdlityo8 wher ei n
sai d second preselected wear resistance agra-'_igat Iea S .25, eat as

said first peaeselteiagntgsiude aepungof g super abragve ang-gax Hl"gﬂ ccor%ﬁg oclaims8
wher ei N sai deighbntsihiNg citifid sREFREs idde ftcerhenad tungsree cobids ai d

20 15.  The bit according to claim 8 wherein said plurality of off-gage cutter elements

are steel teeth and include a coating of hardfacing.

16.  The bit according to claim 8 wherein said cutting surfaces of said plurality of
gage cutter elements have .a nominal hardness not less than 88.8 HRa, and wherein said cutting
surfaces of said plurality of off-gage cutter elements have a nominal hardness not greater than

25 87.4HRa.

17. An earth-boring bit for drilling a borehole of a predetermined gage, the bit
comprising:

a bit body having a bit axis;

a plurality of rolling cone cutters rotatably mounted on said bit body and having a

30 generally conical surface and an adjacent heel surface;
a plurality of gage cutter clements secured to a first of said cone cutters in a

circumferential gage row, said plurality of gage cutter elements having cutting surfaces of a first
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plurality of gage cutter elenents include a coating of a super abrasive 14.
The bit according to claim8 wherein said cutting surfaces of said
plurality of gage cutter elenments include a coating of a super abrasive
and said plurality of off-gage cutter elenments have cutting surfaces nade
of cenented tungsten carbide. 20 15. The bit according to claim8 wherein
said plurality of off-gage cutter elenents are steel teeth and include a
coating of har dYAUPKS® “16. The bit according to clai m8 wWREFESY04
cutting surfaces of said plurality of _gage cutter elenents have a nom nal
hardness not PER@alheRdAFsBBacrul eng afify CHiFfienah hadrg ymest radialy distany ppigcR @s of  sai d
plurality of m‘eﬂsugaganeaﬂmemsel enments have a nom nal hardness not greater
than 25 87.4 HRa. bit f d n bor e oIe of a
predet er ni ned gage, &%ﬂ"ﬁ%ﬂ?ﬁ pcuq%lellsegﬁmsm cpt 55“! 03\%?%@“5156 %% s: a
plurality of ﬁlsfanwguwnlecumfﬂ@w irst mnqtrsabﬂ!yt lm@@daroﬁprsauﬂgdge tovb@dg/ and
having a 35 0 p@fR§ oRbirYagk Citer bmentd hivifGud uﬁ&e@wa%&%m nddfafal haidHelsHEE

plurality of gage cutter” el ements secured first of sard cone cutters
in a circunf E4aleps afecopd Getingnath havipep rmsu%ﬂmdytame Pginty®: ag peastred Gbra saidit s

havi ng cutti ngit i, R GRSl Biftaie frbh Sdid bid&isi lpnéxeéédlﬁg mmamalmsi&c%&&%ﬁ&%f?

09: 04: 57 page PV\ﬁ 97/ 38205 . PCTI USt97/ 594 q nal hardness that cut
along a first a’STJPtl %2 Bi5PEe 0t Boelscieug aé(fﬁ' PF@‘HPQ%“‘&F\E““%‘?‘WP"“P“‘&S
measur ed fr onssdplaralyy of cikgage custerplemens ¢0b;}eranfrcl)oa‘udthg ager 6{thd Wireh6le @REAEIS
secured to,ga N a

ci rount er obt 1 o FHOPRRIGR Gas€ ik ents phe b ono BUBARRRE R D o1

said s pl uranSE“?°8T83891°Fﬂeg§§%¢nt§ﬂfﬂﬂﬂy“é‘!'éﬁ@mhslemmh@dcutt| ng surfaces of a
second nomi nal hangeensaid ﬂn@ttnoﬁluxhlh&hﬂ@ﬁi&rﬁﬁﬁ%ﬂds&%dtdoﬂgxalnﬁztdnes?av' ng a nost
radi ally di stance 90| n.I. P2 as neas g Iﬂ"ﬁm said bit axis, the radial

di stance from said he it accppging to 3!’8 & e PRRIISnG @jcupunigrential shQuider i sai d
bit axis to &R byt amdmtteahetweeﬁ) stilh dibel | serfae hreicdaitidconioa sutfded t said Sdage Blhtd{ ality
of gage cujte il f &ry ment s
cooperati vIest yEl?:ﬂzétr‘%tri;ﬁlgé %8%\9%05 rﬂ BL L&h%%engr? sucﬁﬁa Whefei"nast g‘l’%’
plurality of ®fagfec euenqments enfenaidplyslihefraff gpgecanttertetemeise pre mtieofsiechemed | and
said plurali tmgsgﬁcﬁmgj off gage cutter elenments primarily cut the borehol e
bottom and wherell[i Saff*ﬁ rstd nom nal _hardness differs fromsaid second
nom nal hardness. '18 Q"BTCPr 08 (07 g trberepmprising # PUAlinhRf heel sy Fyttes ng a

ci rcunf er ent i ei¢mentsonduoked inosaid heel surface, said plurality of heel row cutter elements including

20 cutting surfaces having a nominal hardness that is substantially the same as said first nominal
hardness.

20.  The bit according to claim 17 wherein said bit further includes a second plurality
of off-gage cutter elements secured to said first cone cutter on said conical surface in a second
inner row spaced apart from said gage row and from said first inner row and having cutting -

25 surfaces for cutting the borehole bottom, said second plurality of off-gage cutter elements
having a third nominal hardness that is less than or equal to said second nominal hardness.

21.  The bit according to claim 17 further comprising a circumferential shoulder on
said first cone cutter between said heel surface and said conical surface wherein said gage cutter
elements are secured to said first cone cutter adjacent to said shoulder, and wherein said first

30 nominal hardness is not less than 88.8 HRa and said second nominal hardness is not greater than
88.1 HRa.
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said first cone cutter between said heel surface and said conical surface,
sai-d gage cutter is elenents being secured to said first cone cutter

adj acent to said shoulder, wherein said plurality of gage cutter elenents
and said plurality of off-gage cutter elenents are nmade of cenented
tungsten carbide. 19. The bit according to claim117 further conprising a
plurality of heel row cutter elenents nounted in said heel surface, said
plurality of wearssw cutter elenments including 20 cut tRGIFsE¥Ps8ces havi ng
a nom nal hardness that is substantially the sane as said first nom nal

har dness. 20. TH3. bi Thesdicrorortiinego elaime} ¥hesgin spid ieedswifase Wdisgid pnicak yracker

| ncl udes a %%aggto%rhkfa%lré&rxerenaixsﬁtfufdmgme&u&t er elements secured to said
first cone cutt I r ow space

r on said conjcal surface in a econdwinner d
apart from sai d JageTheobit asserdirg Shflaim ¢ wherey sai’%ﬁ'é‘rprf'% e S Y cut t i ng
25 surf aces efdatds s4id debdnd pleftfctopwahpbigabobytaomst 400.d second plurality of
of f-gage cutter elenments having a third nom nal hardness that is |ess than
or equal to said second nom nal hardness. 21. The bit according to claim 17
further conprising a circunferential shoulder on said first cone cutter
bet ween said heel surface and said conical surface wherein said gage cutter
el ements are secured to said first cone cutter adjacent to said shoul der,
and wherein said first 3o nom nal hardness is not |ess than 88.8 HRa and
said second nomi nal hardness is not greater than 88.1 HRa. 39 Printed
fromm nosa 03/12/1999 09: 04: 57 page -41 WO 97/38205 PCT/ US97/ 05948 22.
The bit according to claim|l wherein said heel surface and said coni cal
surface converge to forma circunferential shoul der therebetween 23 . The
bit according to claim?22 wherein said first presel ected wear resistance
exceeds sai d second presel ected wear resistance by at |east 40% 40 Printed
fromm nosa 03/12/1999 09: 04:57 page -42
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