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application clains the benefit of Provisional United
States Patent Application Serial No. 60/775,866, filed
February 23, 2006. TECHNI CAL FI ELD The present
invention relates generally to fixed-cutter rotary
drill bits having a bit body and, nore specifically,
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formations. One type of rotary drill bit is the
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diSietihl M6 t6012NK868, iled FébrdaryR3shege or, in sone :

i nstances, a nore elongated, substantially cylindrical

shape. A cutting surfaceTgﬁw*%%EI%uﬂard,
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s bodwnhands tnord spaeiirally atiolretentipmef tnekup enttig glements within a bit body of a
subst ant.i al | bf-cul f a substrate of

ead ccpuqq ?‘r‘ég‘ecf"ékggf ‘%‘gﬁ%ﬂe*‘i‘ﬁ’?“ﬁg’“& enents are often
referred to as "pol ycryst BACHKGRIDEMNIND conpact” ( PDC)

cutting elenents.or cutters. Typically, . the P .
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bifs rmfidns 208 Bipe o fstadl dridl Bit RARKRKE1-EREerBit (bRet feferred to as a “drag”
outer surface of the bit body. Abonding material such
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clements are often referred to as “polycrystalline diamond compact” (PDC) cutting

elements or cutters. Typically, the PDC cutting elements are fabricated separately from the
bit body and secured within pockets formed in the outer surface of the bitbody. A bonding
material such as an adhesive or, more typically, a braze alloy may be used to secured the
cutting elements to the bit body.

The bit body of a rotary drill bit typically is secured to a hardened steel shank
having an American Petroleum Institute (API) thread connection for attaching the drill bit
to a drill string. The drill string includes tubular pipe and equipment segments coupled end
to end between the drill bit and other drilling equipment at the surface. Equipment such as
a rotary table or top drive may be used for rotating the drill string and the drill bit within
the bore hole. Alternatively, the shank of the drill bit may be coupled directly to the drive

shaft of a down-hole motor, which then may be used to rotate the drll bit.
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coupled directly to the drive shaft of a down-hole
not or, which then may be used to rotate the dril
bit.Referring to FIG 1, a conventional fixed-cutter
rotary drill bit 10 includes a bit body 12 that has
general ly radially projecting and | ongitudinally
extendln% s _or. bl ades 14, ch are separ
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by machite HigacﬁySQQfEh fixkaelttériittangd IO bit e Otmeqrbalformed from steel. Such

hi
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machining processes including, for example, turning, milling, and drilling) to form the

blades 14, junk slots 16, pockets 22, buttresses 24, internal longitudinal bore and fluid
passageways (not shown), and other features of the dnll bit 10.

FIG. 2 is an enlarged perspective view of a blade 14 showing a plurality of PDC
cutters 18 mounted thereon in pockets 22 and supported from behind by buttresses 24. As
seen therein, the PDC cutters 18 may include a polycrystalline diamond compact table 36

formed on a substantially planar end surface of a cylindrical substrate 38, the latter being
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is an enl arged perspective view of a blade 14 show ng
a plurality of PDC cutters 18 nounted thereon in
pockets 22 and supported from behind by buttresses 24.
As seen therein, the PDC cutters 18 may include a

pol ycrystal | i ne di anond conpact table 36 forned on a
substantj al | face of a CY dric
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Therefore, there is a need in the art for methods that facilitate placement of backup
cutters on rotary drill bits, and for rotary drill bits including backup cutters. |
DISCLOSURE OF THE INVENTION
In some embodiments, the present invention includes cutter inserts for fixed-cutter
rotary drill bits. The cutter inserts have a cutter insert body including at least one surface
defining a cutter recess in the cutter insert body. The cutter recess may be configured to

receive at least a portion of a backup cutting element therein.
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for nethods that facilitate placenent of backup
cutters on rotary drill bits, and for rotary drill
bits including backup cutters. DI SCLOSURE OF THE

I NVENTI ON I n sone enbodi nents, the present invention
includes cutter inserts for fixed-cutter rotary drill

bits. The cutter inserts have a cutter insert pod i
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ot wERR oI5 Pluraaf PLaehabitte £33 fortiiy o eggage = subtermanean
e pdafdkioR Qufing HHRInR! @89edst bhv Qitter Mikettiietdssl pformédindhe Gice of the bit
manuf acturing fixed-cutter rotar)é1 drill bits.

The
rBodiesE. oty e e @ BAdSY FaiptRpay Hebing gcRpUieT pockT {hais configured to
haueiv agJé-ngl E t%t’ingglemeﬂgﬁx%}eiﬁla@h@gr BofetufteCinBdrtsdHAPSE provided that

to enga erranean formation during drilling. At )

| emiudegrmttevinsent bodisaving st deastonassuifae ning a hettdrgeeess therein that
of the bit, body.(e.q.., o0 t.h f I .

r 6t cé’tn?lgﬁraeld &Y 'r%%m(er? N H%Stcal}f({l{el?g Bg%&%ik%f) ﬁgft&lgge . con iﬂglgelﬁ?lgd The one or
t ehoreEgtter thsartPEdchimniay belskturad atlessrpaitialll @vithima cubree insert recess on the

mpre cutter. inserts nay be provided that include a . .

c rep ot Ay B At RS o BAEKYRGUTer Y hesppggatloast partially within
d@d dtPredesses dfhe bRE SRS MsérfAThe Sné S YhbALUUAET inSerts may be .
receive at least a portion of a backup cutting el ement

t Femevably Fprurethdn dhe eyHter dnfertefecpssse e sfagiditate rappral and repair of
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receés %ﬁg? g ?ace O% t G&B%Mtc ogy, aér?g at east one
backup cutter mMBRIBE BESCRIATION OFSEHE RRAWINGS wi t hi n
the cutfer recesses of the one or. e cutter .inserts.,
R CU e Y6 S5RGBT A Sbng o e
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renoval and_ repair of ) . .
advantages of this invention may be more readily ascertained from the following
description of the invention when read in conjunction with the accompanying drawings, in
which:
FIG. 1 is a perspective view of an example fixed-cutter rotary drill bit;
FIG. 2 is an enlarged view of a blade of a fixed-cutter rotary drill bit like that shown
in FIG. 1 illustrating a backup cutter mounted on the blade in accordance with an

embodiment of the present invention;
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poi nting out and distinctly claimng that which is

regarded as the present invention, various features

and advantages of this invention may be nore readily
ascertained fromthe foll owi ng description of the

i nvention when read in conjunction with the

acconpanying . drawings, .in which: FIG. .1 is .

pers pecﬁl?s‘\%g@i 18 QFFngfﬁt“ég(}ﬁﬁm %‘h"ﬂ %Bqddﬁﬂ"e?ta‘? Gytigrynsert that may be
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fixed-cutter rotary drill bit like that shown in FIG
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mount a_backup cutter on the blade of a raotary drill

ot FIRC: §85 § BERHR e b PLpR PP R iR fppgt that may be
| RSEd to RBEWR Bakhp Guttedn the G1ad86f b Fotanyt i1l Witew of t he

cutter insert shown in FIG 3A, FIG 3D is a side view

of the FIGS: 6A-SRélbustratpwmethad ¢ff mouting Fpagkup quitepon the blade of a
PEbaRPGH b u}srié@ovxgqidgeggﬂ%%&at SRAITRES. Sh-fpcut ter

i NS mount a backup cutter on the :
bl ade d1Ga6iioimend dewldf alfixied-catt@SotaspdEH bitlillugttatiag eamous locations

met hod, of uptin . bac cutter on the bl ade of .a .

" rhigpesor 1 o bt i b St Fardlh hnp  oREe bR cutter nserts
Fllﬁ%-th&g-sﬁﬂvngﬁﬁwﬁ 3A-3D)a68d view of a fixed-cutter

rotary drill bit illustrating_varjous. |qcations on . .. .
bl ades HIF- & Wustratenthe enttemrafienfthe Sxedrepftergratyy dsilisbit shown in

mgygPg. nounted using cutter inserts |ike those shown
in FIGS. 3A-3D;, and FIG 7 illustrates the cutter
profile of thMODEE)-ROR CARRYINGYOUTITHE BNVENIIEN i n

FI G 6.|\/D§ES.FO?CARING.(1‘J;I'T EAILEN .

i |1 ust rots Hgﬁ%'roe"ssé’ﬁ?sggieg&creﬁl?] at lenf_ﬁlr#\%oneé? hs%%%&ugé,wews of any
NQPartadildtaduttingSdemeht ayrtpautiing eleaiene udrt drilh bit) bureart merely idealized
insert, cutting el ement [ bit, but are nerel

or, drill . o\
| deRIeRATions pY sk fre SBIRY AP PSSR BigpPisyas ipyention. Additionally,
de3Ghidie cdhimoRHRBS&N il hhP PotaiNdRl $ant@lrhdrical designation.

A cutter insert 50 that may be used to secure a backup cutter 18’ on the face of a
rotary drill bit 10 (FIG. 1) (which may have a steel bit body) is shown in FIGS. 3A-3D.
Referring to FIG. 3 A, the cutter insert 50 may include a generally cylindrical cutter insert
body 52 having a cutter recess 54 provided at one end thereof. The cutter insert body 52
may comprise, for example, a steel alloy, tungsten carbide, or any other sufficiently hard
and wear-resistant material. As another example, the cutter insert body 52 may comprise a
particle-matrix composite material such as, for example, a material comprising tungsten
carbide particles cemented together by a metal matrix material, such as, for example, cobalt
or a cobalt-based alloy.

Referring to FIGS. 3B-3C, the cutter insert body 52 may have a generally
cylindrical lateral side surface 60 and two opposing substantially planar and parallel end
surfaces 61A, only one of which is visible in FIGS. 3A, 3B, and 3C. In some

embodiments, the cutter insert body 52 also may have on or more additional substantially
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rotary drill bit 10 (FIG 1) (which may have a stee
bit body) is shown in FIGS. 3A-3D. Referring to FIG
3A, the cutter insert 50 may include a generally
cylindrical cutter insert body 52 having a cutter
recess 54 provided at one end thereof. The cutter

i nsert body. 52 Qnpri s f or, exanpl a_steel .

anW ﬂf“tﬁ’%@?%sn&?% r"g'?‘ magy ea(ﬁ)yp]%ﬁeﬁggsq‘jﬂoﬁqs hi Plyane oriented at an
hagde angle WEREs thas hitleBide g €90°3 kelath: tafiied piesllet ¥adRireaces 61A. The
the cutter insert body 52 nay conprise a

paviterapeeseit Fiay havmpeiae ard shepe Fonfieusedio raeeive ppackup cutter 18" (FIG.
eﬁ?%@é%t gﬁ‘ti%&x‘éf . InQ0he eﬁiﬁ&irﬁ&ﬂ&%@&t&ﬂ&b&%4 may have a size and
pa I Cl e ce

nted together by a metal matrix
mehapreicahfigured to ®seive e backuprutter 18 silstantighy entirely therein, such that the

balt-b ,al loy. Ref to FIGS. 3B-3 h
Bl BREEFy Bobe oS0 ka0 B R B e M gy 52 evond

I .ﬂieegeaker@lg@limlicfaalla@erﬁgiwd?fm 60mcmbwglix$ BtG.t?zm]E inadthet words, the
pl anar an arallel end surfaces 61A,  on e o
whagkmipicatter 13 may oply preisst vesticallygu ﬁf&“&‘&%ﬁ%@&nﬁﬂ end surface 614,

egbodive BiG. BiRe cutter insert body 52 also may have
on or nore adgltional substantialléglanar flat

sur f ac@By ®hpofwhamplenand het imitpliemdhe gnderdtesgsssidmal have a shape

pl.ane ori.ented at an t > of '
AP BB 60, B P AP FB0 Wafl, bRE S 58 ABRAEI oy 0 general
1 Bylidditcat; utdvate siffaasss Sitheayttdn insertdody 22 amdaigesiermtly planar surface 58

configured to receive a .backup cutter 18  (FIG 2) a

| @4 the yptinsar Yodyrey ah phich FheaBHRteaG? ﬁﬁe}%@}"ﬂf%)‘“ Siher words, the
Cutdulfe SuPaESSe mferiiRk tﬁé‘?ﬁnﬁ' stk faBe S815hSAPExteIdubiahaally transverse
to receive a backup cutter 18 substantially entirel

t Wesrefrom. duzame ¢mabodimentseibr gpnerally Panargurfagsed alep may be disposed in

5B, LR o] LB DRy YRA e O Pl 0 e

s boflasfth6end asfasEo®iA jandFer @t arBautd anghe 62 0f Ieexthan ninkty degrees (90°)

backup cutter 18'. .onl roject. vertically

oat AT, RpstcipALi R b BB L b2 MThespsigprocess 54 may
| Rntelsert onldr midte Bhthe Hhat @XFIEPd €1 BHe IAdrall side subfatcO60, ahd &n end surface
cutter recess 54 may have a shape correspondi n

t
oA, a5 Shavghin By B itheampre. dircruigy repesscid AR axigyd glong a recess

IERRT A it S BHEMEA hCR] acuft MBI 6D STUESs A mfetPHedrBEs (90°) relative to the
cutter insert body 52 and a generallypl anar surface 58
C

5
oflongimdinal aeis Aunfdhe cuitaningst bady i dhusaddiezgiv.the éerm “recess axis™
sur . r . : e In
L
exbercnshodirhents,ithé fegessraxismay be cotinsidéntovith 4 dridioger machining axis
géngg‘g Ig)pnﬁgrtgzh? %\I;}?er 9Eless 91'1)( s &l:haz{] g(gnhsg%gt%%?thse%e&lsg Bxis r also may be

oriented at an acute angle of less than ninety degrees (90°) relative to the lateral side

surface 60. A backup cutter 18’ such as, for example, a PDC backup cutter 18’ may be at
least partially received within the cutter recess 54 of the cutter insert body 52, as shown in
FIG. 3D.

As shown in FIG. 3D, the cutter recess 54 may be selectively oriented within the
cutter insert body 52 such that the cutting face 19 of a backup cutter 18’ positioned therein

is oriented at a selected angle 66 with respect to a side surface 60 of the cutter insert body

6



a plane oriented at an acute angle 67 of |ess than
ni nety degrees (90) relative to one or both of the end

wao7mesasy 6 1A, and/or at an acute angl e 68 of PCEES2007/004380
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than ninety degrees (90) relative to the | ongitudina
axis AL of the cutter insert body 52. The cutter
recess 54 may intersect on or nore of the flat
surfaces 6 1B, the | ateral side surface 60, and an end
surface 6 1A as shown in FIG 3B. Furthernore, the

cutter.recess ext alo recess. axli

e whishgs paTHIEhton R aBUT T 8F B G HCEMHogh 52 The selected
NiaABlels6384Y Bifised BPdefinRladble¥Rd back JaRe h@g1g bmﬂlbaa&up&xmsr 18’ when the
AL of the cutter insert body 52. used herein

t enfterinserb i@ issreured tathe facs ﬁ? ok ﬂslllatbblﬁ (Flfi b 31941@3 backup cutter 18"

nﬁeixf%nedr\?ltﬁxwtﬁg Eu&ré Qg&gs ?fl of thehbtet LA 30! gxmllarly, gw depth D of

the recess axi s
c @uttMed:fse 540 titted indert Ibbdylgz may baatlgruaﬂed ¢o pnqvxielmtécted exposure for

formthe cutt recess 54, uch a_ canf.i

t RaleRuttes | Favhon thp gl&}tweﬁ 045 reshreaito etk §fuarinbit 10 G,
ang! #dhe bRkSp Eﬁ‘l@é} 1818 gbéitxgl@egf WiEin (Ot tee etk st dﬂﬁhé duter insert 50.
| aferal side surface 6 A backup cutter 18 suc

for exapbowmirPBIG. B4b Kip cutter drsertitpdyizy mag batcovfé.aggd such that the
par e

b bk 557 S MO of b S50 0o oy 52
| 'wiifs.thd axtttmecessticler I ethes wofids, nisgy bisckupeduttert il §eisynot significantly

rj.ente thin the cutt e uch
FoER PPipnacEY Toese o bRt 4 ot R eIy bieE Jngpackup cuter
t h&r giflonste®r i ented at a selected angle 66 with
respect to a side surface 60 of the c i nsert

t
body 52, Oppgnally; sheygutiar| igsert 50 mpy Apsl P@f‘d Pg‘glma‘?%"' aligngpent features
ag rto T Iftafe ﬂ?@ﬂﬁm%%he ditfer 2eRGI0RH aRBRERIBFieBYon, in terms of

I ne a sel ected back rake angle of the
bawlwpkcuwbm 4 bit bnlderutclrfea dull thit 10 (BI&T.11)5BY way of grample and not

bcai ﬁ%‘ 268 e?zu o];nsa Rcfudé 91 V&SF%L%{&HP@:%E:?% E{ﬁ%z which may be

I'S pOSI Ione

r gresdlybifséfedii® Cedrtedpondinghble $a. fofihed iroa syrfacki60 of the cutter insert
depth D of cutter%agcess 54 %2 cutter insert

52 .
P 2a e Sbetions fEBprHPIn 6 B teat et KpBieydE Ty e insert S0 ata

bas@i%'éféd%hﬁﬁﬁal%edm% WitBinCHbit Bod rl?&fﬂa &1 bRt REGhbresY defining a
to the face 20 of drill bit 10%%{ ; , and the
when

baselegtrdside ake aggle |o§ WWR)W Wu&tg{ ingert 50 is secured to a
g%ﬁﬁ?ﬁil Pévegfthé ﬂge SobE ?gréfé@ﬁg?t(rm daeEr 1 8’ is positioned

e cutter Insert e conglgu d such
t hwithihhbe batti wecesuif4 of the SutterdpsdreS@r edoni nant |y or

primril ured t he cutter inser dy 52 w.t hi |
Phe cut b eonaispaceroditgnt o 68 R e K st ib B8, 4. As seen
c Lth?x%[n U cutter ABbrt o@y 52 imugiidlydel pamidlly flamded ghmentrsyrface or flat
Sg{q(ﬁéﬁglg;qa&ﬁgl gl'rgg n%%ﬁﬁfpgtashe%t the ! at%?a ysxcﬁ: su\lllglcg EO oft]ehe cutter insert

body 52. The alignment surface or flat 68 may be used to provide the cutter insert 50 at a
selected rotational orientation within a bit body 12 of a drill bit 10 (FIG. 1), in lieu of the
rotational alignment pin 62 shown in FIGS. 3A-3D. In still further embodiments, the cutter
inse& 50 may include an alignment mark such as a line or groove defined in a surface of
the cutter insert body 52, which may be aligned with a corresponding mark (or other
feature) provided on the bit body 12 of a drill bit 10 (FIG. 1).



Optionally, the cutter insert 50 may include one or
nmore alignnment features configured to facilitate

w@e@viogking the cutter insert 50 at a sel ect ed PCT/US2007/004380
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orientation, in ternms of side rake, within a bit body
12 of a drill bit 10 (FIG 1). By way of exanple and
not limtation, the cutter insert 50 may include a
rotational alignnent pin 62, which may be partially
inserted into a corresponding hole 64 fornmed in a

surface 60 of, the cutter i|nser d 2. T e .
ot at | GhEetRaARa A Trk RS aBiren 2 o refanidrl bit 10 ke
Cdt BhoWASIATEIGR O aing the |caGécHséretsat dHoRal indFIGSIt IA 30N will now be

within a bit body 12 of a drill bit 10, thereby
d desambed withsefesencedo &1G8. $Ai0F. angl e of the backup

" 18 AT SR ekl

awdeillttie] (lilokthpt shotwnan FIG: 1,ivghiplo siayihaweal stelitht bodyhl?. The blade 14 is

cuiter.r ss, 54 of the cutter. insert . 50. . . )

C St B A Bl B2 Bee fremeg keip, bapsig to securing
| Brifilasy PBC Atte BB (FIGE2)héteid. Mhe@uitérgiock&ts 22 havetstyn fotmed adjacent
may i nclude a generally planar alignnment surface or

f e lgdingmirfare #a9t the bladerdd Ta leading SH_fféF%%%seqerPéPy refers to the side *
| 3Bl 198nRYE fRGforBHy BrwaiPoQUidifg inl reRSibh td@EMireétion of rotation
The al i ? flat 68 nay to :

gnment surface o be used t
pofvhedeit bbdy t2dueng drilerg A9 seen in HEL 841 eduttertinsdrbregess 70 may be

orientaf. i thin it d 2.0of a drild bit 10.. . . .
(presag]inis it o Brfe Bliae 133Ys 5 1 Feflh bierebs Wi vis desivod o
S peyvidé Abidkap.cufid- 13D, Fériexainpld, alctittétinseraiebes (70@mdyshe provided in the
the cutter insert 50 may.include an a

: i gnnent mar k )
s dias 2 obthe ookt BirEPaIYBFFRL S HeEPRket 26.6n dpatSprge blade that is
CUbhfEurkd 38 Fdce RRAYprBaryPHE EulBY 1 O herdih ITRE cMhtédindert recess 70 may

correspondi ng mark (or “other feature) provided on the ]
bihavgadize 2ad shapg canfigiredite repgivem| cgtterlipset HR(FI6E$. 3A-3D) therein. By

? A S plt 38 B . I B bt |, Endt b pncrllyeytindrica

t had eyt leave arBaméteD thatasdarer tharGodiagktS 0 wi dehenallyciplindrical cutter

described wi th referenc o EIGS. 5A-5F. FI 5A,i.§ an.
APEFURY St PP FIPSBES0 PYa o BpeyEral hipdriaing 3 354 g Bhtimeters (an
f iiX&a 16 B4 the QiR dhséki 50 lto BE welded bl kRzEdhRithi @Buttdr insert recess 70
FIG 1, which qgg have a steel bit body 12. The bl ade

&,

14fitke Bipdgkt-i In emhedipents, the eyitst ipReResess 29 mpx\have a diameter D
efd i mg};g ﬁzaé:l\g&‘rz))@t’e{ ﬁ‘;*%*g I%gi_né%n} QIR@RYAL cﬂaemg&asazfd&%fme cutter

cutters The "cutter pockets 2
hansertsedeby 4 Gawrtacsencjahthensandthszofl 2e¥i¢entimetars tandnclo topllow the cutter

he bl . _The | ' f . '
E 6§§eﬁteﬁg t?)obéeé"pgfzs-gt— t orgs?xglgg-q?g i&% tgcgutgcg 1195%&%5@% )fP ;c/)?{h%rlﬁade 14.

e h 'S rotatl ona
f or war dBpway ef¢kianplé ind wotdimictionhptht bettetiinectreass 30 may be formed in

| heblade by dnlins e Sivieiptert Boeg 07l Sige 13 35 or cxample, o
conventional drilling or milling machine equipped with a flat-bottomed cylindrical cutting
element.

Referring to FIG. 5B, the cutter insert recess 70 may be formed by drilling into a
blade 14 substantially along a drilling axis 80. By way of example and not limitation, the
drilling axis 80 may be oriented generally perpendicular to a plane 82 that is substantially
tangent to the face 20 of the blade 14 at the location at which the cutter insert recess 70 is

to be formed. By allowing the cutter insert recess 70 to be drilled in such a manner,

8



provided in the face 20 of the blade 14 at a desired
| ocation thereon at which it is desired to provide a

whaoRogsisutt er 18' . For exanple, a cutter insepPCT/DROTEN4380
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70 may be provided in the face 20 of the bl ade 14
rotationally behind a cutter pocket 22 on that sane
bl ade that is configured to receive a primary PDC
cutter 18 therein. The cutter insert recess 70 nay
have a size and shape configured to receive a cutter

t 50 (FIGS. 3A- th
BRI PR AR CoeREigHEs e BEUser S il hsute msert recess
g90 ¥itlduY efdduntidn gqaé inderéioe ProvRnd ;%a.aam? IdeSribeatherein that can

is Iar%er than a meter of a generally c%lndrical .
C AtseEW ememmpm machifie soutter pegkqt 32 locatsd apd cenfigaped to receive a

PR e I EIGT Meeply frod R LT b0 057 O

Wi t hi n Reffi@riagtd EXG.i5q5 en hligrmes pini@cess 72 ltieat ok @dds frdm thecutter insert

RS RS CaR DB % rocbive SheUhEnThenh P 6 G bE SPRinsert SO (FIGS.
t BR - @leAdih )ha?)ﬂe' ;ﬁgf'lldsdiin bl 14N WaPfokadiblOhnd A&t limitation,

cutter insert few to several thousandths of
2t®4a1@manretneﬁe§e$a?ﬁ mw:he farmed lin g blade £4 by spillingdhe plignment pin
5

ge:sctgg rérgghgztﬁe}%é 18 1th{) ggartxél& QEBRVetnlﬂgn qrexﬂgﬁr%fnachme equipped
andﬂxreotouhdmottamedmylmdmatummag elenmtt recess 70 may be

formed jn the t he cy%ter i nser.

recess Aisd’rFYff’quY ags"&% ?ﬁ%‘%%@glwfﬁ%%x Wge pléovused at a selected

C pb¥if6h hvsiakheltitduhi fo@ne4l eﬂ'FJ: 4 sptheeGtdrigseaquie3p R0 swdhtthat the cutter
a flat-bottomed cylindri cutting elenment. Referring

ensntéo ISBOS‘%‘?F@d@GPF%IP“Fﬁ sotpiionabereration withinghe pufferingert recess 70
W@f\ ld utr 1:1'351‘9 S@lsk]hmd ]-r‘x‘to QMPHS% fete& 7078 d the alignment pin 92

INg axi s . Yy way of exarrp e and not
| nsntﬂltsmsned rwithih ehqjahgﬂmemg paxxese$(72naly this maringntthe side rake angle of a

e Eg@w@lﬁi Ytgﬁpﬁg c{wntthm cutt ralgg %g(? dl%gc?s{%d "ﬁﬁha guttir Ansert recess 70

atnatyhﬁdemwwlgrdeﬁhedm ch the cutter insert recess 70
is to be fornmed. By allgrvx%[g .the cutter |nsert

70 to HefermgieflGral ¢ SIS (SR TG0 and the aligament pin

diddeld OinQACHRBE NS, 2ttel RSHNS5 GRS bIBN AR AUABadddnstreldinto the cutter
the cutter insert recess 70 without encountering the

i fnsertiregesy @ S‘m}Ubeéhﬁ abmmsm 92 iscisndsedin the plgnment pin recess 72.
Can ar Iﬁtc‘f?e :34;' Cﬁ% S@ﬁx‘?@{ﬂé%uﬁexclgg&ﬁltecg G}f)ethe cutter insert

| ocat e ure to recelve a cutter
180 nidt 6 s@iredi welmhltye cwrtey inseit] @dess 740 (dftha cmteprllhsebi $0 has not been

10. Referring to Fl 5C .an ali

o> dy P Cplel s s B Pl 10Dt B G i for sccuring
C i dudter ﬂ(ieftcsog:gim(ii[x: r%sddmgrAmsm ﬁmﬁm 7(piis defiredaih atibigion éo a press-fit or
cutter insert - erein rovi

i shripeTio) Afeprevioudy degeyibed, = biigg Seizra! S e Yfawf&ﬁal optionally

may be provided at the interface between the cutter insert 50 and the surrounding surfaces

of the blade 14 within the cutter insert recess 70. In such a configuration, cutter insert 50
may be relatively easily removed, if damaged, for replacement.

Referring to FIG. SE, in addition to, or as an alternative to, the previously described
means for securing the cutter insert SO within the cutter insert recess 70, a weld bead 78
may be provided along at least a portion of an interface between the cutter insert 50 and the

region of the blade 14 adjacent the cutter insert recess 70. Again, such a method of

9



the alignnment pin recess 72 may be forned in the bl ade
14 by mlling the alignnment pin recess 72 in the bl ade

wdadooasvslg) for exanple, a conventional mlli ngPEETRINT004380
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equi pped with a round-bottoned cylindrical cutting

el ement. As previously described, the alignnment pin

recess 72 maybe provided at a sel ected position about

the circunferential edge 74 of the cutter insert

recess 70 such that the cutter insert 50 is positioned

at _a sel.ec £ ot n ri ' . .
I,?gcéqr{ngrtﬁ élgger exthb%v ?}1 ﬁxce Gﬁpgrahge%{;rg s‘é?B?ﬁls’éﬁ?ﬁ}éS%é{gﬂ] and repair

| Dfehd Qifttet itiseRS00 I‘Mefebvéxea tarl-fatingmolatetial (bt dowenin FIGNSE) may be
92 is di sposed W thin the al i gnment ogl n recess 7%8Tt¥'\eweld78 and

t BElectishnapplicdipyesangdarpundss
1 E%he QRRIub bR Eeibhd behe B1aGL1 4 £ néc@s%ﬁxrytor agsn%kis Eﬁélﬂ‘n?arﬂﬂ'acmg materials

the cutter insert recess 70 nay be Sel ectively
defd¢ weldl kngieh ar the ng ang OﬁernCEDe haxd parti¢les (saehpst fors example, particles of

Yo ARGHL maFiD kbR bl h HRTH A oP Ao F 55 R%g), and may be

Wids&d fipftevens %h&ff théhtlmjeﬂbﬁlg(mhbmt‘esl W&y,rrﬁ(ﬁﬂﬁxo?lﬁl heat cycles of the
' osed in th

such that the ali nt.pi.n 62 i

S e fARirea we3 tbpicaling 8 Arf TUPCPRGAUE (Pt invention.

i nsert Rfertht Suttdd SnseHis0GHas b&sShierfel $68 And SeculPwithinltié cutter insert
i nsert 50 nazube secured within the cutter insert

r aeeess 70, Yackup eutter U Btmpy boinsertedsotarang sgered within the cutter recess 54
ﬁl’?’e I:ut#er ?xll;]seft dgb Ftﬁdvt'n }.PPR} tStll'e %}?Lvtag Cof egé‘ﬁfafe Jgﬁ%? fimitation, the

i onal neans f
c u;tat:larp duttee i 8’ nidy twi sebiired whishirctht tetterirexess 54 usmgs brazihg reaterial or an

d reagbgagggﬁln;tegg f@H sgrglbltapgla e&%‘? ﬁba L O Slrelg?o%& l}e)réin %gr securing the
acﬂﬁ&éﬁ ¥Serf B0 Yith tHRRbukteNmkéry rd¥BY 102 Iﬁraﬁﬂitﬁ)ﬁdl mkthols, a backup cutter
i nterface between the cutter insert 50 and the

s Ul s bk inpedied inde and scuredevighin asutter rapeshpf of Reutenipegrt 50 prior to
! qxﬁse'}ﬁn% g&?&s s%:gn thé rQn&ng(? Qe h%gexc H#sh% lrecess 70, although
may be r | ,

i nsert l'atrvely ‘easily renoved, _
daharged cofistraints piaacrhcmmthatRbfseipprqagh ot b¢ @kep Eue| for example, to the

oLt umfee Bap Bafan e ot odef b fer B VBindis o beused o

Wisebird atdutecinkére 50 k18 blddenacess 70, a wel d bead 78
maybe prOV|ded al ong at | east a portion

f . ..
i or 1 ABile dhehackur st 4B thap byencleseribsd and flushated bgfelrps comprising
of, pie kaden ddhiashACRBbInGCHE bREkipekt 18 Gﬂé‘ys&ng&ise any type or

galn such a met hod of securing the cutter inseéert
wiconfigunatien efisuperabrasiverar other egtger koownén thetart; sushiag forexample, astud

gﬁ%trcgprg;r{seg L h%xl&erflgﬁlé}l%lﬁ%u[chgﬁ st%g E\l\%?ee gé?&oesehott) include a diamond

S ethlﬂethetedxy Faptheimarepwhile anig aarrrgl&@@eirfseltt &6 aad eamghf backup cutter
g e RE RS e S ) s e
hayodmbh@6é pebvidddewitih plurality of cutter inserts 50 and a plurality of backup cutters
18'.
An end view of a fixed-cutter rotary drill bit 90 of the present invention is shown in
FIG. 6. As seen therein, a plurality of backup cutters 18’ may be secured to at least one
blade 14 of the drill bit 90 using cutter inserts 50 (not shown in FIG. 6), as previously
described herein. Each backup cutter 18’ may include a PDC backup cutter 18'. In some

embodiments, each backup cutter 18’ may have a diameter that is smaller than a diameter

10



are well known in the art and often include hard
particles (such as, for exanple, particles of tungsten

w@ a0obiogkasaat eri al ) di spersed throughout a net abCHUEY7/004380
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matri x material, and maybe used to prevent wear of the
underlying structures. Notably, no additional heat
cycles of the bit body are required when fabricating a
drill bit incorporating the present invention. After
the cutter insert 50 has been inserted into and

d h , . .
m L AU R T —
C Ulfnhﬂér thﬁﬁ: & dfandeterodf 4 lhﬁ'nﬁttytdw;lkr i $1dex is diSposad oa hkw\mnixenblade 14 and

FI G 5F. vvay of nd not tation ,

D ERRigRAlyHbBYard gherrigy i gh SUATOBE S ReD et lHagFup cutter 18" may
I REGSS dpfndtsd Bt B, &fuﬁlzion& 1ABdee thaH a Qfan%?er%#heﬁxﬁﬂlﬁry cutter 18 that is
material 1n a simlar manner to that described

p dspomglsirythh eamE hlddorl 4zad mouahgnalhefowméhemﬁg@r tFusrermore, at least

Wi_t n t he sert cess -

e trn ot et B Bshidel oFoH ampfi IR 14 1L act i 50 s s

S ﬁéﬂéirﬁ theéetrhi I“ﬁnﬁaﬁ}l&l&@e’” xﬁ&ﬁeaﬂ)lﬁdh Df that éxité¢rids subgtagtially to the center
rior . to |nsert|n@%and/or sec g the cutter

i ﬁgeﬂﬂllw)wstshwnaﬂé e ln pediBipnale dimenss, oge PREGEHDackup cutters
t h]gfrm bE BRVIdE JH éacHBYaddi 19t GHitRe BARDItIY. S approach not

taken due, for exanple, to the potential for danmage
t o t he Al seaw IFIGa IS, &t ledst angbletle b4 efitheadrillityt 9¢ mayincdydepne or more

RN e
i btudsérr padedorhprising adlsard angtetiali sughaasPBss exahtpic,,tungsten carbide. Each
C PG ROV JTSLoHR PR ECP RS SR T Epgaes y surface ofa

OLiiRErrintah SforhBENN d'ui:in%1 eilkg., Mﬁnﬂ&c ta&dh BEaifp @ructure 94 may
stud that conprises a hard naterlal such as tungsten

c snhndpea diamontbtablenenvering|ay deash aogtiemal thepbearingsugigee 95 thereof,
%&%g%%\wl rﬁatgﬂély(ixaang" (ﬂﬂér%ggh‘ltu}c%r d\ﬁ%ﬁﬁltcoﬁ‘g) ﬂ% one or more

up cutter have en describ
auichmcbddss:bnﬁgmdd toninopret Wegronesistanbei® the lbparmg structure 94.

ol ur o (G- 2sizates wheh isdineSitin i B B e Ptrgoffe of the aribit 00

bag&wR i€ FIGE6 SaniBshowdh €x08s-Yeotion & oalefum&dm uEsaf of the overlapping
rotary drill bit 90 of the present inventiqgn is. s

i irplegsregesents edpsitionrtopthwouldohbq,pequpiad o tslpds, 1985 the primary
Cuhi&sS 8]a§d tﬁ@ua&ﬁp SEGMHE ¢4 fread of tR@plimARLCUMeAIRS difl Bckup cutters

the drill bit using cutter inserts 50 (not shown in

|1& wele rcastegrcemummlynailys@h%éhle heneiudinabFaxis qfabr dsill bit 90 to a
E)gl?ion ]o§ tdE W ng\ﬁ gr‘;j’% Paﬁli%%ﬁle(:%ﬁ(ﬁ{lmé% thk lBackup cutters 18’

amo up cutter
d|nmyelbceprdvhbetd swsmnniu}ealongahe shaildarstgooSf whxcprls muhyated in FIG. 7

ﬁ%xtécerralla fl'agféf)ré Faecilgﬂ)g%)éei 154 &%ﬁmﬁ?ﬁ eepeclflxve gac cuqa % 18" are mountcd
In additional embodiments, at least one backup cutter 18’ may be provided within a cone
region (indicated generally at 98), within a nose region (indicated generally at 100), or
within a gage region (indicated generally at 102) of each blade 14 on which the respective
backup cutters 18’ are mounted. In some embodiments, a backup cutter 18’ may be
configured to be relatively underexposed relative to a primary cutting element 18. In other
words, a backup cutter 18’ may extend outward from the face 20 of a blade 14 by a distance

that is less than a distance by which a primary cutter 18 positioned rotationally forward

11



smaller than a dianmeter of a primary cutter 18 that is
di sposed on the sane blade 14 and rotationally forward

wao beredsiem | n addi tional enbodi nents, each baR&UpS2007/004380
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cutter 18 may have a dianeter that is equal to or

| arger than a dianmeter of a primary cutter 18 that is
di sposed on the sane bl ade 14 and rotationally forward
therefrom Furthernore, at |east one backup cutter 18
may be provi ded on each primary bl ade 14 of the drill

b|t9 sed herein, the term L e an
9 s tenns, bR ot s R Tt ed 28, qfafe ace 14, 1n

aadlh't]bhalb efnbodiSend) O¥bacRup-| datteB .18 imad diet b(ﬁff@ured to be relatively
enbodi nents, one or nore backup cutters 18 nmay
ployeiepesed elative to paRIEmany qftingnelement {89t tOdtﬁveAss‘@é@ﬁ“ally equal
i '

s % 8BS B2 EnLl 1, 14 Bl Pt 1
ofextead lutward fiioan ﬂlefﬁie.20Ezfaﬂnldnledl4lhyg dsitmttha’t® @wahayor greater than,

i nc).ude stud or pad co mat er

a disteedy et S el BB R iR Ru o e §itprard ftetrom on the
NBY¥mbB e @ktdnB3 shitvi@ ffdaRiHeTBcaS20 bfhe bRfdeqanf i gured to

engage a surface of a subterranean formation

dr i | i rfyrotamydriichibkaving aued] bpduanhyx bladgevas @ gaatﬁ‘gvcording to the
%%sléﬁ’ﬁnaexﬁ o%%@lgégo ﬁm’ eotlf'er}gigﬁ‘ﬁ p L& w@re%é(:ﬁx‘eﬁ'?o e face of the

beari ng sur I 'anond | npr egnat ed
nnilndirblmn eawh odtye bindesinatshowtdenregion thereef usirg cutter inserts in a manner

BT S, S A5 HOLl ARGk o 50 an

| IVatialp @ltes 18haith rdferenoswd FIGS. 5a.-5F.t TRsdiil &it veastther used in four test
profile"™ of the drill_ bit 90 shown in FIG g and .

s IS T ef whishswre pepdusteddn sagh of dwo yfferpatsbisrrapgpg formations. The
O\ & hARRhAHd& Bdth %ﬁuixfgq REIEBSR Holte aﬂ@%aidlﬁgoﬁtuq;rem&wdnued well
be occupied on the blade 14 by the primry cutters

arbore hedeb Tbk wperating pammigers for tbgﬁmrcwst Tens were parried out at maximum

cutters ck ku t
4 o TS R B 15 e B 52047 s
dr(athdut b5 000 € ﬂmua30,090 povriisy Imetxlilaubi tatimed 4f tsdt@een ablout 4,881 newton
FIG 7. one di nents, the backup cutte
Ay ﬁ‘i“g\ﬁiﬂlé’dl : QRYIom eters o&?ﬁ“’f by %@?‘} and about 7,500

I §9b0Fbundty, 8Ad indxinéth ¢AEESf-pénditation (ROPNES Bdtiv¥erPdboB630.5 and about
of each bl'ade 14 on which the respective backup

c Jt&(émtexseperdw@r ﬂiﬂﬁW?%ﬂbquh 19Q1and abows25@ %BP’M% at

| east o DL Sobich -
cone regl on %I n% rigz;l{%’egzrsgene’ra y at 98 ,@%&tﬁ% n a ,r@éhewsualyand
r egitlothe(did oif aaheghegiemartadlé jnspecti@OMPD progeshitn dgtegmine wWhether the

oﬁ’%\ﬁﬁﬁ‘%é del & i téegqrqsee[gtasllel %ﬁrgetnc (9 9 accept%ﬁ]%nepélggs whar. The backup

CULTETS
MudfeRGnd bﬁtt&ﬁﬁ&r&ﬂm%mpéa&,to axliibit krigccepiablerieveds ofvegar. In view of

the above, the present invention may facilitate the use of backup cutters on rotary drill bits
that have a steel bit body, which may facilitate the manufacture of steel-bodied rotary drill
bits that exhibit improved durability and/or stability.

As discussed above, the present invention has utility in relation to rotary drill bits
having bit bodies comprising steel. Recently, new methods of foﬁning rotary drill bits having
bit bodies comprising particle-matrix composite materials have been developed in an effort to
improve the performance and durability of earth-boring rotary drill bits. Such methods are
disclosed in pending United States Patent Application Serial No. 11/271,153, filed November
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configured to be relatively underexposed relative to a
primary cutting elenent 18. In other words, a backup

weoaore98138'° may extend outward fromthe face 2BCDUSH07/004380
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bl ade 14 by a distance that is | ess than a distance by
which a primary cutter 18 positioned rotationally
forwardtherefromon the sane bl ade extends outward
fromthe face 20 of the blade 14. In additiona

enbodi nents, a backup cutter 18 may be configured to

c10LF0fF o RiErSaeiral et MRt AR Lipazp 30 aso i

exerber (labsve to a primary cutting el ement 18. In
ot her words, a backup cutter 18 may extend o

) ! ] ut war.d
f r om t Ha contrast togopyenionyl mvaww%oc&m‘%@bhﬁaﬁmﬂgs (g, tungsten
e QLR i i ' Rutetfal k.2 based all
o4thod e R s A P L porverbsed ey
t lnathix a cafraotory inelds these nevaietheds gengrallyin vodyepressong apgeavder mixture to
face 20 of the blade 14. . A rotary drill bit havi .
< i & gty PR R Ao SipfeBin I el oyek cBRlipcATo fhom a bit bady.
t MhepFaPovderdoaipatafiay Rahuetied d8tecshry br desirbdpriato sintering using
cutters were secured to the face of thﬁ)drill bit .on

e &eRveationsanashipeg techniguestilis these yediaformritsel Bit badiesg Furthermore,
C

RGP i SRR npUPBPARI Al B oponcercompact
i ne arpartilyasiteted drown state, end/o8 aftei sintering ahegreen powder compact to a

FI GS. -5F. The drill hit.was {hen. i.m.four '

- sirod et Bl i saoBley Ay R ER AL E8 ol ook 2’ for bk
dichifters @ 8t (FEG ) @nront eamofcisladdsi 1dref a bittfernheziy suoin s process while the bit
i ncluded both drillin wel | bore | e, and ream . oy s
o BOCK ISP S48 BB YTy OT By ginere gte- e ver s WP Siesk Padjed drill bits
PRARABIARES plfogfexﬁsl'}ﬁa{) BHvehtOht f6MiktioWRITRhE dbdidedorldts 20", Therefore,
maxi mum wel ghts-on-bit (WOB)_ ranging from about 66,723 ,
nenbedimenss eftbepresgy iuventipe alse may(hepised torsscugdacigp cutters 18 to the

oS0 R BRI R G5y L SR

( bet weeBy avibp of entyile and dotalimitation, 2@Dttéminserpregess /)P, likertat shown in

j rat es-qf - penetratijo 0 e en _ahout. . .
TGS, B Draroved B e dade bt & bladf VAR MR  prsticte-matrix
aRGmpasitd maeAallie Bie g, brown) er fAfly sihtetsdtite.t OPGordlly, an-alignment pin
test runs, the backup cutters were inspected, both ) _
vireesat T4/likgrhatshewn fhdlCa P abve maaxkegreyided indhe blagel4. A cutterinsert SO
A ggcg‘?ﬁét'sﬁgwﬁ MPFIGP32C86%herd MaflBE @é&&&pwmﬁtmﬁeu&eb Snsert recess 22, as

up cutters and cutter Inserts experience
urshowe i Bl§t. 6DL dvssinge ephbagdéments, Thecuster lnggrt 8Qmay besegned to the blade 14
cytter_.inser [ t i bi C .
B PR i Rl RSP U eV SO Bk Simens
i evaat ingert rf@ymhycomptisd 8 gréen orsbrosin tachup whent the Tutter insert 50 is
rotary drill.bits that have a stee] bit baod ich .
SRR it B s 220 R et gy sintered to o

drdekiked final density as the cutter insert 50 is co-sintered with the blade 14 and secured

thereto. In other embodiments, the cutter insert 50 may have a desired final density prior to
positioning the cutter insert 50 within the cutter insert recess 70. In yet other embodiments,
the cutter insert 50 may not be inserted into the cutter insert recess 70 until after the blade 14
and the bit body have been sintered to a desired final density. A backup cutter 18’ then may
be inserted into and secured within the cutter recess 54 of the cutter insert 50, as previously

described in relation to FIG. 5F.
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bits that exhibit inproved durability and/or
stability. As discussed above, the present invention

wha®7098159ty in relation to rotary drill bits PEwUsm07/004380
bit bodies conprising steel. Recently, new nethods of
formng rotary drill bits having bit bodies conprising

particle-matrix conposite materials have been
devel oped in an effort to i nprove the performance and
durability of earth-boring rotary drill bits. Such

met hods, are .di scl osed in ndi.n n at.es t ent
Appl i c Y il thepresgnt Nﬁvenilfﬁg‘ﬁ g‘i% %efijbfr‘l’\'lsv% é?sfﬁa to certain
2 0 erPik RS HHine Bts Wbt oﬁllﬁ&?%kmhelﬁg ar®Will #eeBfnifdand appreciate that

Serial No. 11/272,439, also filed Novenber 10, 2005.

| it iz oot sodémited B@th% many additions.idelations andmodsiiratioppto the preferred

whi ch har ar.t cles ( r r

i & 8 ?rb e sf]t%bmt Bgﬂmne{élrfr&ngtt?}a SS%%])%? GO?I thF invention as
5 ( Bex@maﬂar Cl@ﬁﬂéd bnaeﬁﬂiindii Ifenyi)re:v\frbiﬂ cmwem\xfdm:ehﬂmyy b kambined with

t hese ne hods, gener al | ve pressing,a

eaTEB of | antfa?rn?fabfgql@@ﬁt w%éﬁwg °maﬁ§?%§ W@B%Fgmpe of the
t hﬁ'eﬁﬁ&?& RRYEIElatcd Epﬂfétm{'éht&@ r Fhﬁhé?l the Rvdition 8 uBli€Eth different
powder conpact may be machi ned as necessary or desired

pandanieusdiitprefilesgs wsllag cuBerypes Bdgonfgurtians g
techniques |ike those used to formsteel bit bodies.
Furt hernore, additional nachining processes may be
performed after sintering the green powder conpact to
a partially sintered browmn state, and/or after
sintering the green powder conpact to a desired fina
density. For exanple, it may be desired to machine
pockets 22' for backup cutters 18 (FIG 1) on one or
nore bl ades 14 of a bit formed by such a process while
the bit body is in the green, brown, or fully sintered
state. However, as with steel-bodied drill bits,
interference problens nay prevent the formation of the
desi red pockets 22'. Therefore, enbodi nents of the
present invention also may be used to secure backup
cutters 18 to the face of a drill bit having a bit
body conprising a particle-matrix conposite naterial .
By way of exanple and not |limtation, a cutter insert
recess 70 like that showmn in FIGS. 5A-5B may be
provided in the face 20 of a blade 14 conprising a
particle-matrix conposite material in the green,

brown, or fully sintered state. Optionally, an

al ignnment pin recess 72 like that shown in FIG 5C

al so nmay be provided in the blade 14. A cutter insert
50 | i ke that shown in FIGS. 3A-3D then may be secured
within the cutter insert recess 22, as shown in FIG
5D. In sone enbodi nents, the cutter insert 50 nmaybe
secured to the blade 14 by co-sintering the bl ade 14
(or bit body) and the cutter insert 50. In such

enbodi nents, the

14



cutter insert 50 may conprise a green or brown
structure when the cutter insert 50 is positioned

woRaohioesishe cutter insert recess 22, and the cRET/E82007/004380
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insert 50 may be sintered to a desired final density

as the cutter insert 50 is co-sintered wth the bl ade

14 and secured thereto. In other enbodi nents, the

cutter insert 50 may have a desired final density

prior to positioning the cutter insert 50 within the

cutter insert recess 70. In ¥ﬁ%g$%€er enbodi nents, the

cutter insert 50 may not be I dinto the cutter

insert recess 70 until after the blade 14 and the bit

body have beeautsarivisertdor 4 fixal-cesr raaryfdritltit, densitteyinsekt comprising
backup cutter 18" the i nsert [

n_may be e n and .
< 85 610D £y 0958 ROy HaF gL lead o Suace s D et rocess therein,

| BRELtter Pece@SeERAS Uith ¥h&l 6ftter liRRet Bdly Bort & PdtesPadis Griented at an
5F. Wil e the present invention has been descri bed

heewst angletdf lesssharcningty dagreesi(POD relpdye toga langiudimghaxs of the cutter
tﬂ%%ﬁtﬁﬁ ordinary skill in the art will recognize and
appreC|aYé that it is not so limted. Rather, many

addi ti ons, deletions and nodifications to the

referred enhodi nents na e de wi.t hout .departing: .
fp rom t He scg@@ Qufter misert ﬁ)% gﬁevpgﬁ Wj?l‘%léir}a 3t A?e}sgpne Sutface defining the

Clcitdrdeess Bofdid:i on, features from one enmbodi nent may
be conbined wth features of another enbodi nent while

s @ipl4nap sirfareof thmptes ensertibody;iandhe scope of the

[ ' t i r :

L A R e Bl et RO (b S LRl g ting the planar
bit pr ehifh@sandexvaidingthesfitolrer t ypes and

configurations. CLAIMS 1. A cutter insert for a

fixed-cutter rotary drill bit, the cutter insert

conpri . ng arheduttedinis&d of tlaire 2, wheeir thb ptinahautfadg ofithe cutter insert

| east one surface defining a_cutter recess therzéq) )
t Redy it osiented <3 agite of ffise thfe NIEY dperep £79°) relative to the

boghiRlffAPaRs bEAR SRt inserpbb@t €d at an acute angle of

| ess" than ninety degrees (90) relative to a
| ongi tudi nal axis of the cutter insert body. 2. The

cutter 4I nse.r’fheoéuttfel ?rils@nqu éﬁ}ﬁ{ ?,' th&% éxte.ellc?t?g%tedonfh%er insert body is
surface defining he “CutTer recess conprise:” a planar
syubaaially dyhiadded]tad coisprides oshbstaatially cylindricat dateral side surface

surface qQf the cutter insert body, ng arcuat e surface
i ﬁf‘?l“élé‘@t eﬂ’g‘jeet“rf?é’%l“gﬁté?t‘ég'ﬂflﬁ‘&aé ‘%ﬂﬁ“ %t&ndi ng
therefrom 3. The cutter insert of claim2, wherein
the planar surface of the cutter insert bod

( y > y is
oriented at Hif atgt san gf slaem 1 adwreim e atilenst gneseyface of the cutter
( qggertr t%d?tdeﬁﬁin'g% dut@r recess comprises at least a partial cylindrical surface.

6. The cutter insert of claim 1, wherein the cutter insert includes at least one
alignment feature configured to facilitate rotational alignment of the cutter insert on a face

of a rotary drill bit.

7. A fixed-cutter rotary drill bit for drilling a subterranean formation, the drill

bit comprising:
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| ongi tudi nal axis of the cutter insert body. 4. The
cutter insert of claim3, wherein the elongated cutter

WO p@en98ibody is substantially cylindrical and PORP$108T604380
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a substantially cylindrical lateral side surface

ext endi ng between two substantially planar end
surfaces. 5. The cutter insert of claiml1l, wherein the
at | east one surface of the cutter insert body
defining a cutter recess conprises at |east a partia

cyl.i.ndrical surface., 6.. Th t insert of gl

AR EPR0 Rombtibn@rpincain OF it BaeenBiBidyef s oS bibrdoe, each biade
al i gnMeBinphiegW urlinf ofpeinedy cattérgmickéts pteximateai lesding edge of each
al i gnnent_ of the cutter_insert on a,fa?e of a rotary

dril| lade cpnfigured fo rregiyeammagy spiping slemenitherpig,

did fehdtdde @uﬁ&tifxfe'}{)ﬁ galtof Y15 dfeRe plubitd le blhd&¥ Within an insert recess

conprising:a bit body conprising a plurality of blades

ext endiertendingrinta af faceofitheblads rotatimmhally belded 8 pripyarsuttgr pocket of the

pl urali f primary cutter .pockets proximpte a .

| eadi n é’ﬁ drafity: B 2biat oBF sufler IbRT mPaiings FRerdnsect body having at least
pri mar Yne WhifhdedeGnfigR duttenRicedstherain, tiRaTitter@eess dbiififured to receive
insert affixed to a_blade of the plurality of bl ades

wi t hi n ahleastrseertiop gf a backuprutiingrjemartghereitce of the

bl ade rotationally behind a primary cutter pocket of

the plurality, the at |east one cutter insert o
conpri $ing dlleuratay dnis ditt o oldymhAvivherei theeeuster dngert comprises a

surfa definin cut erej e : .

; Seada R BieAR oS A bbb SRR P S teast parially
bdefingl by h iplagr shréacenlf thdhauter inseft. bodlgand aharguatt surface of the cutter
bit of claim7, whergin the cutter insert.co i ses.a

QS H00Y, b ardvare SERCE (GTSRCtn LRk PIaps Ryr ek ML dending therefrom.
cutter recess therein at |east partially defined by a

pl anar surface of the cutter_ insert body and an .
ar cuat @- sur fHrsrotairy duilb bit of elaym B xkereingheplanansarfgpeqfslhecutter insert

VRS SgE BELAEp R HELPSEr doDBL 0%tongiain
t hrispifalhacutsnidsattdodfy. t he cutter insert body is

oriented at an acute angle of |less than ninety degrees
(90) relative to a longitudinal axis of the cutter

i nsert 1lpody. THOrotdedrfIPbar of Elhim 19, Riterdifi tBe @uftitrdinsert comprises an
wherein the cutter insert conprises an elonga

. . gat ed :
c glangpted fygex insery pody-e evterdreese catsadipgiiriodhn glongeigd cutter insert
t R5aehRAgar&ds Sl Gfient@PR A S?RIQ ¥n At BPRsHhAR RERE dReds (90°) relative

oriented at an acute angle esS than ni nety degrees
( 90} lorgditudinabaxis of the elongated cutter insert body.

11. The rotary drill bit of claim 7, wherein the at least one cutter insert is affixed
to the blade of the plurality of blades such that a longitudinal axis of the cutter insert body

is oriented substantially perpendicular to the face of the blade.
12. The rotary drill bit of claim 11, wherein the at least one cutter insert and the

blade are configured, in combination, to provide a selected side rake angle to a backup

cutting element to be received in the cutter recess.
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to a longitudinal axis of the elongated cutter insert
body. 11. The rotary drill bit of claim7, wherein the

W@Roo7egEE9 one cutter insert is affi xed to the EXHUS007/004380
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the plurality of blades such that a |ongitudinal axis
of the cutter insert body is oriented substantially
perpendi cular to the face of the blade. 12. The rotary
drill bit of claim1l, wherein the at |east one cutter
insert and the bl ade are configured, in conbination,

to provide sel ect ide rak | e to .a backu .
cuttind3el e otagy %‘g" EQEE‘FIG’&I% ﬁﬂgﬂé’o’é‘é’ﬁs’&gaﬂ&ﬁ one backup cutting
I @fehieht didpostlQt cabsartislly withiRithe lttes kesR Jf thé e lehgt lone cutter insert.
conprising at | east one backup cutting el enent

di sposed at |east partially within the cutter recess

of the.gt | t Lht ot er o Ita. . y :
ri 11 BR ot 1R rorRy (i bFlr LRRRI, whtrqu o AOkEbne bagkup cuting
C elemengisaliegen bondeddiredmbingnthytodbel atdead one mattdrligsertovithin the cutter
the at |east one cutter insert within the cutter

ré&¢E3}. 15. A nethod of manufacturing a fixed-cutter

rotary drill bit, the nethod conprising: providing a

bit body including a plurality of blades, each bl ade

of the 18} ur & imsthedof anufacgeiang adixadrgptigr roteRs dri fut, the method
cgg%ﬁﬁﬁhg$ert recess in the face of at |east one bl ade

0 e pFurality at a location rotationally behind a

c ptavidingadiiebodyf inthding a plusality ofibladtsa dechcblafi¢ gfithedlurslity having a
receiv% a primary cutter therein; providing at |east

one cut®® insert conprising a cutter insert body

hgyinfifg af ehst dfik cR® ifderiracss hethe RicBOf at 1east bae blade 6fthe plurality at a
therein, the cutter recess configured to receive

| . t .
| east dogssionreiationally hehund mowttsr pPekst @f@ﬁéﬁleaftt%éﬁ??ﬂe configured to
securi ng.d imafRPkteP BferGHi t€r insert at | east
partial??ﬁﬁfﬁﬂﬁﬁ&ﬂhe gt éast one cutter insert
r peeddingandeast one cutteransdreeenpuising bawkianinsert thedy draving at least one
| east partgiakly.within th ter o f .
east Sneesoryth b Sifer EesS b, ABERE Boess Wnfihured to receive at
wher ei nedgst 8 podiond fatbackes tutdng elertenethetdis;er t

conprj si cutter insert bqdy. co i ses. formng the .
c aebignghe ar st B CPUerIB LTl PYIBLY MG (hejal lcasypré cutter insert

recess; and

securing at least one backup cutter at least partially within the cutter recess of the at least

one cutter insert.

16. The method of claim 15, wherein providing at least one cutter insert

comprising a cutter insert body comprises:

forming the cutter insert body to be generally cylindrical; and

machining the cutter insf:rt body to form a planar surface of the cutter insert body and an
arcuate surface of the cutter insert body intersecting the planar surface and
extending therefrom, the planar surface and the arcuate surface each at least

partially defining the cutter recess.
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machi ning the cutter insert body to forma pl anar
surface of the cutter insert body and an arcuate

wa@nofmesasof the cutter insert body intersecti nRCT/H82007/004380
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pl anar surface and extending therefrom the planar
surface and the arcuate surface each at |east
partially defining the cutter recess.17. The nethod of
claim 16, further conprising orienting the planar
surface of the cutter insert body at an acute angle of

| ess than ninet eqgr ees. ).relative to a. ..

| ongi ¢ ddr nai Theetaof fint 16 fuf B omristiggyiontiae thpglanar surface of
Mehd1 06kt insdrebsayl & anR&lt8iaRgh! GXVieSd tHindindtP Aefre@@0°) relative to a
cutter insert conprising a cutter insert body

c denmifudingl axis ofitherutterinsert bedy.i nsert body to be

el ongated; and machining the cutter recess in the

el ongated cutter insert body and centering the cutter

recess IdboutThe medessofixlaimoli, embadinaproxiding at écasnghe cutter insert

of less. than ninet% d&grees. 90) relative to a
| SAEPISHRERuttsk Insert Pod Y COMPYRESat ed cutter insert body.

190nxﬁh§tmédméi&%n%a'ymﬂéelo e@idndf orm ng at | east

one cutter insert recess in the face of at | east one

bineashirdogiphic enster meeers i g elengatedsqutieh insets thody and gpptgring the cutter

cylindr] ter i d ' |
st eeRh Bl AR RERERS: WaphEardEBr fes 1R hety degrcs
machi ni(8g°)atlatieast a mgitsdibak zwis ofihk wlanghied gniterdhsert body.

cutter insert recess in the face of at | east one bl ade
conprises drilling into the face of at |east one bl ade

subst antg. al | yheahethed of elairh I 5 (gheédinFodiing af 1esht one cutter insert recess in
substanti ally perpendicular to the face of the at . e
| dhe face 19k apleagtconst blpdrecomprases apachyting at Igast ipne ubstaptially cylindrical

Of cubtBEindlr [LaStin WERLL B AR tabiGnebiihdd. i Ng axi s.

20. The method of claim 19, wherein machining at least one substantially
cylindrical cutter insert recess in the face of at least one blade comprises drilling into the
face of at least one blade substantially along a drilling axis oriented substantially
perpendicular to the face of the at least one blade at the intersection between the face of the

at least one blade and the drilling axis.
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