PATENT APPLI CATI ON M LLI NG CAP FOR A POLYCRYSTALLI NE DI AMOND COVPACT CUTTER
PRI ORI TY CLAI M This application clainms the benefit of United
States Application for Patent No. 12/787,349 filed May 25, 2010, which
clainms priority fromUnited States Provisional Patent Application No.

61/ 182,382 filed May 29, 2009, the disclosures of which are hereby

i ncor porated by reference. TECHNI CAL FI ELD The present
invention relates generally to earth boring bits, and nore particularly to
pol ycrystal Il i ne di anond conmpact (PDC) drill bits. The present invention
further concerns drill bits which support both a mlling capability and a
formation drilling capability.

PATENT APPLICATION

MILLING CAP FOR A POLYCRYSTALLINE DIAMOND COMPACT CUTTER

PRIORITY CLAIM

This application claims the benefit of United States Application for Patent No.
12/787,349 filed May 25, 2010, which claims priority from United States Provisional Patent
Application No. 61/182,382 filed May 29, 2009, the disclosures of which are hereby

incorporated by reference.

TECHNICAL FIELD
The present invention relates generally to earth boring bits, and more particularly
to polycrystalline diamond compact (PDC) drill bits. The present invention further concerns drill

bits which support both a milling capability and a formation drilling capability.

BACKGROUND

The diamond layers of PDC drill bit cutters are extremely wear and abrasion
resistant but can readily suffer chipping when exposed to impact or high point loading during
shipping, handling, and running into the wellbore. The cutters are also susceptible to diamond
graphitization at the cutting tip due to a chemical reaction with ferrous materials at high
frictional temperatures produced during cutting when ferrous materials are encountered, such as

in the drilling out of casing windows or the drilling out of casing-associated equipment. Other
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BACKGROUND The dianond | ayers of PDC drill bit cutters are
extrenely wear and abrasion resistant but can readily suffer chipping when
exposed to inpact or high point |oading during shipping, handling, and
running into the wellborn. The cutters arc al so susceptible to di anond
graphitization at the cutting tip due to a chemcal reaction with ferrous
materials at high frictional tenperatures produced during cutting when
ferrous materials are encountered, such as in the drilling out of casing
wi ndows or the drilling out of casing-associated equipnent. Q her

mat er indiSrial$ Uebh a8 tinsB@s teabidaiobicdBic o Hilige ROBRN 4 thkitdeat (CHBNL, feRb8s
better at cuttlng ferrous materials but are not as effective at cutting
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collars, float valves, wpers, activation darts, activation bal

i nf | at GHIRE-paeKaed CORPORRN] iamepacRapsuds it inppelipaet do.sthe c,fP]rl‘EMllnét ptage
subs, casing shoes, casing bits, reaner shoes, guide reaners, |liner guides,
i ner cointstingnaugrait e sixivesthoe frotior fldati colarsy Berterbcs, mopors, dtiveiam dirtss,

di sposabl e or one-trip notors, and di sposable or one-trip turbines. In

ot her asvidn Bullsc asiandl@paoarat mechoairpopaikers, issvetleble nedkas, amyulstanl oysd or
installed obstruction within a well bore casing, or nounted within, at, or
out si @Qsﬂn? %h@é})d cRing Bfs,CREMBY shdeBakyillBYedifer§ NEAUNEEILT [ih& ¥WRO!otOF dh{)elpar t

by a dril Hlstorlcally, f'errous naierla I's associ at ed

Wi casing ?QE KL LS GOMRARERME Sl Cadhd b 8y L ot ot&%pq%ﬁ% kb1 OLF O

n1II|ng ore ornat on a 281 Was
tripped into ol e The otentlal cost savin inhtrip time of haying a
bit tRAETERHT ner ﬁe&tw ARy P roAgACH KRy qnﬁglscsiﬁﬁe %Sr?gwaﬂ@g@a?%%d
equi pnent drove the developnent of new conbi nation bits oftentimes referred
to as imitdllcddibisirpggionpyitlinianwelhbercaagiagodr mpunted evithiipiagairioptidd thendpdrihe o
drill between | and 35 |inear feet of casing or casing-associated
conporesits,.thitmayhe dnestanee imivheasir igpwt byewriitibitl i ng t he tool s nmust renove
a few | ateral inches of casing wall thickness while drilling down several

linear feet. In pEgstibdlyeXdrfoulinkdidrils askb@atdll SEANGSInEAsRRiatd dongfbnbihts Qugh t he
casing wall is dependent on the configuration and slope angle of the
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could effectively drill through the casing or casing-associated equipment drove the development
of new combination bits oftentimes referred to as mill drills. Bits in this area of art are typically
called upon to drill between 1 and 35 linear feet of casing or casing-associated components. In
the instance of casing window milling the tools must remove a few lateral inches of casing wall
thickness while drilling down several linear feet. In casing exit milling, the distance to be drilled
through the casing wall is dependent on the configuration and slope angle of the whipstock that
is used to push the bit into the casing wall. In both cases, the relatively short amount of drilling

of the casing or casing-associated equipment occurs prior to being called upon to drill hundreds

or even several thousands of feet of formation.



Prior art efforts to provide for solutions to cutter protection and/or

casi ng and casi ng-associ ated conponent mlling, and subsequent formation
drilling are set forth below. Al references discussed herein are
i ncorporated by reference. U S. Patent No. 4,397,361 to

Langford descri bes abradable cutter protection afforded by individual
protrusions projecting fromthe head portion of the bit nore than the
extension of the PDC cutting el enents. These protrusions are fabricated of
a metal nore readily abraded by the earth formation than any of the cutting

el ements. Prior art effbri toPplofNe NPSolufioRPR B&lergbictti@anddd cistBatd et

al describe PDC cutters which have an additional |ayer of tungsten carbide
bonded . t:0, f i Thi I: i W= in hi gh
¢ oper ot 1 & ¥epaRERoRipohcl? HIREDRM Wi Fivend BB CAL UM, b AERA BV 8L T
in mhi@% a f%pthekﬁfront | ayer of h$§sﬂ?ard material, usually again

t ungs e QLT FESSI DRI HE d{BPYRE I PY SHETPSSe of the di anond | ayer and
extends across at | east the major part thereof. Since the |ess hard .
material of the Y-ar PAsAt |1\55/e4,3%3§,61héﬂléa§éf%rde§mﬁr?@§%dabw FEHE | IYALCENR t he
di anond | ayer, this nmay enable the cutting el enent better to resist tensile
st r essifforded Bshendavidwdd gutsusadnst priogcapp fimac theahaddpst as 9 dhd brtenorcuthde 1the

U S. Patent No. 5,979,571 to Scott et al describes a "Conbination MIIling
Tool aren&oh bf tBIRDC clifting RenEeed. tTapE peaekiont bitabedat@iedl wetal meey fcadidy e
mounted in an outward row on a blade that extends fromthe main body of the

dri |1 Bidied BYEUHNFE G RHAMAC WIIN SicANBRs | nsert s attached to the

outward projecting portion of a"blade arc neant to protect an underlying
row of PDC i nser nne d e er.nat i vel r
outwardly projeé%?hggﬁP%ﬁ%gcébg%?ggaﬁ@ﬁg%?gﬁgb%?é% énﬁﬁég?ﬁg&ég g 1g%m

prot ect. . ess out war dl rojectin Il ade carrying PDC inserts, In ejther
case, it Vﬁéﬁtaﬂswgagl st er PuEstsh %erﬁg%i&ﬁﬁ?%@&hfﬁa&ag? g @%mt%lag%fp it e
Hades w 11 create a bearing area after the tungsten carbide cutters have
wor N aMaging lin aghoicdan adnbl dinmnaturca higingetsers masshi Waal aydsperibsdgresesidng n a
hi gh pressure/ high tenperature press onto the face of the PDC cutters. The
dr awbatdasenaf int Whish apfortbecfiodrieydi fdusdadd hexeiah uwsngdér agdim tangstchearbide, is
enbodi ment PDC cutters are enbedded in the center of a ring of protective

t ungstRAd&Rllhe EohNHGE bf MRtEAMShd lakBr dfliecxe@RIe AR 8 (LA EUMERE Padfiifereof.
enbedded in a ring of tungsten carbide the face of the PDC portion of the
cutters,d I IS

dur g e fouhoRf RAREE) PPt 1ABRA, BELHa Ho FEIE oL RARRNER e o
the tungsten carbide rin egins to wear aring are of, tungsten r bi de
co- ex U 15 3hd ey Bk AR et i SRRET L ORIt TSI RHE GgRout ¢ FE 11 1
of the bit. In_addition, the surrounding rings of tungsten carbide either

r educdlrpackopbihisprinseh gc disupsed eicHnindein be pl aced on a bl ade or overal
bit face, or they reduce the dianeter of the PDC di anond | ayers avail abl e
for formation cuf.Bi RgentENo.hBP7H571 weSevtctiail clescribtep re$amisngwmpyldimg iTegl
departures from standard PDC bit designs. U.S. Patent No.

5, 887,466 ®rilbBitaupethc Stotahpdesdl tungstcirtrbidedndkts sravnbiintad §a41 diftivaidadown@s e
cone beneath the bit, a cutting structure intended to mll a wi ndow, and in

sone gl MBNLSeRls Gt [HRnSH HBEY UF ehel (HIEREEGhE Buifakd hmﬁﬁf%é%ﬂ%@teﬁ@aﬂﬁ&é on.
The bits described by Haugen are purpose built for these operations.

inserts attached to the outward projecting portion of a blade are meant to protect an underlying
row of PDC inserts connected to the same blade. Alternatively, a more outwardly projecting
blade carrying tungsten carbide inserts acts to protect a less outwardly projecting blade carrying

PDC inserts. In either case, the parent blade material of the combined blade or of the separate

blades will create a bearing area after the tungsten carbide cutters have worn away. In another
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U S. Patent 6,612,383 to Desa eta] describes a dual function drag bit using
PDC cutters faced with a bonded tungsten carbide |ayer. These cutters are
descri bed as being nmade in a high tenperature/high pressure press. The
drawbacks of this approach are di scussed herein under. u. S.
Patent No. 7,178,609 to Hart et al describes a Wndow MII and Drill Bit
that uses separate bl ades or cutter sets of primary cutting structure for
mlling and secondary bl ades or cutter sets for formation drilling. In
addition, Hart describes an attachnent nethod whereby the MII is attached

to a Witeahask DesssUstBiR 18 ax F&@Léd hhakielipr@Ghihi@t taGRasuk Hrassthteaded

socket depl oyed in a purpose bui relief area on the working face of the

mill. atent [ [ ' [ / 771 to
NbCIaf%agFeéﬁtg%gg$?Be§x§a?$Rdﬁ@@%&5§§$yﬁpagyggaﬁg%ﬁﬁgﬁggﬁd%%gﬁﬁ%ﬁéﬁt? il
Qut Capabilit nd ds, of Use. tting el enents ained at, cuttin

Chr oudhotier pilie@ealPhlert etaasayih i heSel e ThErs myghiy LREveba
sets than cutters ainmed at drilling the formation. ) U. S. Patent
Appl i catidninpiibmatesel ok the .casgonlve/r@&?@l@srswée wrbrdded e rgegd dergsisasatiide i ng
El ements Configured for Casing Conponent Drillout and Earth Boring Drill
Bits ItincfagdioighSRPE. pdEitigurod shey duteomel is7Bllgfexpheed’ @@surgppbéted fioon nshdwebris
bonded cutter wherein the | eading superabrasive elenent is bonded to a
backi rgcahtasd derifle @Bt odthah fidedonydeshdeyabtled Reenia@p caferd Renmatis€ uharthe

| eadi ng superabrasive el enent.
tungsten carbide ring begins to wear, bearing areas of tungsten carbide co-exist with and are
adjacent to the PDC diamond layer throughout the life of the bit. In addition, the surrounding
rings of tungsten carbide either reduce the total number of cutters that can be placed on a blade
or overall bit face, or they reduce the diameter of the PDC diamond layers available for
formation cutting. Either of these choices represents compromising departures from standard
PDC bit designs.

U.S. Patent No. 5,887,668 to Haugen et al describes milling bits with a sacrificial
nose cone beneath the bit, a cutting structure intended to mill a window, and in some
embodiments a cutting structure intended to drill ahead in formation. The bits described by
Haugen are purpose built for these operations.

U.S. Patent 6,612,383 to Desai et al describes a dual function drag bit using PDC
cutters faced with a bonded tungsten carbide layer. These cutters are described as being made in
a high temperature/high pressure press. The drawbacks of this approach are discussed herein
under.

U.S. Patent No. 7,178,609 to Hart et al describes a Window Mill and Drill Bit that

uses separate blades or cutter sets of primary cutting structure for milling and secondary blades

or cutter sets for formation drilling. In addition, Hart describes an attachment method whereby
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U S. Patent Application Publication No. 2008/0308276 to Scott points out
that "One drawback associated with providing two sets of cutting elenents
on adrill bit.. .is an inability to provide an optinmum cutting el enent
layout for drilling the formation after penetration of casing or casing
conponents and surroundi ng cement. This issue manifests itself not only in
problenms with attaining an optinumcutting action, but also in probl ens,
due to the presence of the required two sets of cutting elenents, with

i npl ementing a bit hydraulics schene effective to clear formation cuttings

usi ng tRe Ofiillik lafgchbl 4b d Wﬁﬁ@te@l@%o@%ﬂﬁé‘%h@a& boftiBatodirdeepektheic a8 a(tRR)ed S
sought." Scott's solution to the drawback is to provide the drill bit with

cutt ersécl&?@%ﬂls a5 a Yl'élgolsg%ﬂﬂﬂéﬁefa‘??aoﬁﬁh'éiv&b@kingg%dé%ﬂhé%ﬂﬂi ng) wth a

non-react| per abr ve material, such as Ic boron nitride,

| ayi d d wth traditi | di i ial, ch
PoC T other wiretairu A iBryugiin S TRRRG LLBMERLE b eeSHER Poc
cutters. The solution cannot be retrofitted into a standard PDC bit but
r at herBapfisBoee Sk Biite it ey Gasingse ampanct phdl (Ut tengbility and Methods of dse.

broadly summarize, the solutions proposed in the prior art in this arca
fall iGuttong wemeatsegoed et cutlihg MakeglamcHbaictdqompatens tendiallayed istscpartigr more
(i ncluding separate sockets, nounting, blades, and or pre-bonded el enents)

of oveignpesaledeitadhaf tiripdre ailnleyd at drisbehe foambiisle) el enents to protect the
primary PDC cutters in an axial direction and/or acconplish the initial

mlling task. | 'U.Shﬁaﬁ&t%}ﬁﬂi@@t@cﬁﬁPﬁﬂh‘%a@&PﬁB%@%0‘7@?%%%@1&9& a@%esfkcgi%é/ ed

fromthe bit and a standalone cutting structure wll remain. 2) Ma
fin RSt en
I'ng

)
spect al, PRCLGULLG! S aced ki hebanded (1 xolcalhin, vizay HBHT, ELAOGSHy Lypgst e

carbide orc o non-difanon er can acconplis
prior t he tradit.ional di d, typically PDC comng . into pl t.o cut
Phe 't dictidingmamc: Fiures 7Aardri o el Bl RRic e an§6 e Nava dsedrsin hGht
of the body of know edge that exists in the PDC drill bit art. Sone key
poi nt deagling wpcrabrasiygslement is bonded to a bckingzabraseereleraens teat pratawics heyondvkmn
slight rounding of the PDC cutter edges can reduce rate of penetration in a
si gni ftojcafithe amculad wadsg soperalensiveiclvaeyt. f or mat i ons.
U.S. Patent Application Publication No. 2008/0308276 to Scott points out that
“One drawback associated with providing two sets of cutting elements on a drill bit...is an
inability to provide an optimum cutting eclement layout for drilling the formation after
penetration of casing or casing components and surrounding cement. This issue manifests itself
not only in problems with attaining an optimum cutting action, but also in problems, due to the
presence of the required two sets of cutting elements, with implementing a bit hydraulics scheme
effective to clear formation cuttings using a drilling fluid when any substantial rate of penetration
(ROP) is sought.” Scott’s solution to the drawback is to provide the drill bit with cutters
configured (via coating, deposition, or HPHT bonding) with a non-reactive superabrasive

material, such as cubic boron nitride, overlaying or deployed with traditional diamond cutting

material, such as PDC. In other words the solution requires specialized, non-traditional PDC



It has been denonstrated that PDC is superior to tungsten carbide, and
cubic boron nitride (CBN) or other superabrasive materials for formation
drilling. It has been denonstrated that inefficient cleaning
and cooling of the bit adversely affects penetration rate and bit life. It
has been denonstrated that non-formation cutting elenments that cone in
contact with the rock face generate heat and limt penetration rate by
setting up non-cutting | oad bearing areas of the bit face. I t
has been denonstrated that force balanced PDC drill bits last |onger and

per f orciitigt trae sélasn Baot BE ferobiab@nied sRRGadrridd bRIYuS rather must be substitutdd has
been denonstrated that any type of thermal insulation of the cutting tip

can a r rate and thermal deterioration of the PDC di anond
Refergﬁﬁgﬁﬁgkﬁ% ngo PE 16699 Sinor and Warren "Drag Bit War Mdel " and

SPE11947 G owka d Stone "Thernal Response of Polycrystalline Di n
Compact  Cut ter o MBS TGt o RGNS TEOHarT omePbRa’ i U weu damg

whi ch are incorporated by reference in their entirety. It follows that a

| ayer TP edipgpsicen 1@ aMskeean gddisigpalosiiadalppg efugiurey (tislugdingieparptse poriets.
conductivity than dianond that is pressed onto the face of a PDC di anond

| ayer maintihg.ddadeasand dripes-heided|ctmicats) oh poughmued el [ty piealdf tunpgcoctreide) ayer
which in all likelihood will match the useful |ife of the dianond | ayer.

|t hagldears @eponst thrt@thiatDC ket apraate sisrefondanidh g ceinphivndhe anidial

tungsten carbide | eaves residual stresses at the interface.

milling task. In these instances the superabrasive elements can be removed from the bit and a
standalone cutting structure will remain. 2) Make special PDC cutters faced with bonded
(typically via HPHT methods) tungsten carbide or other non-diamond material that can
accomplish the milling task prior to the traditional diamond, typically PDC, coming into play to
cut the formation.

These solutions need to be evaluated in light of the body of knowledge that exists
in the PDC drill bit art. Some key points are as follows:

. It has been demonstrated that even slight rounding of the PDC cutter edges
can reduce rate of penetration in a significant and adverse manner in many formations.

. It has been demonstrated that PDC is superior to tungsten carbide, and
cubic boron nitride (CBN) or other superabrasive materials for formation drilling.

. It has been demonstrated that inefficient cleaning and cooling of the bit
adversely affects penetration rate and bit life.

. It has been demonstrated that non-formation cutting elements that come in

contact with the rock face generate heat and limit penetration rate by setting up non-cutting load

bearing areas of the bit face.



It has been denonstrated that cracking caused by inpact, or by residual
stresses in the bonded tungsten carbi de can propagate into the dianond
| ayer leading to macro chipping and failure of the dianond tip.
It is known that backrakes in the range of 10 to 25 are best for attacking
rock formations while backrakes of 2 to 7 are best for machining netals. It
follows that cutters wherein a planar tungsten carbide | ayer, or other
mat eri al has been flatly pressed against the dianond | ayer of a PDC cutter
will by definition have the same backrake angle as the underlying cutter.
Wien depl oyed on a mi} hastebh HehOiratdaass fork thalasicod PhCRlidafs 153&%@;&&%/6

c

backrakes that are non-optim zed for either nmetal machining or ro

CUtti?Ethﬁbgﬂ§t qﬂgg% ﬁﬁh&g&?ﬁothﬂﬁnfﬁeﬂ when a casing shoe bit that is
|

primaritly constructed of non-terrous naterial is drilled out the tungsten
carbi de substrates of the PDC cutters, deployed on.the casing shoe bit can
Gaimge. the PG Cutt olshB PR dempE R AR St P EAS TR St
This can occur even if an overexposed cutting structure of tungsten carbide
i s deplPofp@drcsplcratethgr vear taiet angi themedd alsteaiorHiont ofeldg RBNC déamangr sReferange is
casing shoe bit can roll around underneath the drill out bit and can

r eadi Iyadienp&EE 1an2P Jawaged WaerePDDraguBit &Y sar Modehicardr SRE 11847 Gbowkdoandi Stpact i ng
the face of the PDC cutters. It has been denpbnstrated that all drill out
appl i caheons RaIpbisdioTPdly@@dtaldaeiDpiReid Cohpectt Caeds Undas Sirgulshe dsowrtdsd Ng
reaners, casing bits, stage cenenting equi pnment, one-trip or disposable

MOt OF = PGt PIHAGE sclQur&Xd flw ik Qﬁvﬁcé@&a%ﬂv@y famegiang gt f%ﬁttil%ty‘? neghgadar d

PDC bits. This continues to be the case everi when great effort's are nade in

desi q al ; ) "th . L
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frien num eno , . an erial has n

hel pful. in limting PDC bit dama has | e open_ the possibili of
damagéliameid ©ahis HgHe %%tfﬁeﬁf%gﬁﬁsﬂicéﬁﬂn%ﬁwg Mol 3 BEEBHAR ¢ he
drilling of formation after the drill out has occurred.

throughout the life of the outer layer which in all likelihood will match the useful life of the
diamond layer.

. It has been demonstrated that the HPHT process of bonding diamond and
tungsten carbide leaves residual stresses at the interface.

. It has been demonstrated that cracking caused by impact, or by residual
stresses in the bonded tungsten carbide can propagate into the diamond layer leading to macro
chipping and failure of the diamond tip.

. It is known that backrakes in the range of 10° to 25° are best for attacking
rock formations while backrakes of 2° to 7° are best for machining metals. It follows that cutters
wherein a planar tungsten carbide layer, or other material has been flatly pressed against the
diamond layer of a PDC cutter will by definition have the same backrake angle as the underlying
cutter. When deployed on a mill drill tool these cutters will by definition have backrakes that are

non-optimized for either metal machining or rock cutting.



Eval uating the key points provided above denonstrates that the sol utions of
the prior art discussed above all enbody significant design or construction
conprom ses that substantially reduce the potential perfornmance of the
drill bit in the drilling of the formation, where it is going to spend the
vast majority of its life whether nmeasured in rotating hours or distance
drilled. The prior art solutions require invasive nodifications to the
bit's design layout or the substitution of specialty cutters that are by
definition non-optimzed for formation cutting. What is needed

is a solution that ali RWHct@HehbRtMRR tRit SERNMNaR d By ShTCtET Bat i§-gﬁma_rily
formation optim zed PDC bit designs without creating lTong-lived bearing

ar eas ut 4 I AP eadi M

o ot ("o b A relaal oy ARLTERERGE ool deRRy REIAR hRERK ST 2PC
and cutter e protection, effective and rapid - mllin and pr.edi ctabl e
and conprscPiEeBoRERE Ao EF i SafaenREbPedhitel o wd i PUBLIRIT It ne
course of the Eost casi ng/ casi ng- associ ated equi pnment mlling and drilling.
sumvarycomplish the drill oug cﬁbs cyLeFFUASVEN HiuHgQYERrIOarbFHENS suctire fnfyaesen
carbide or CBN tipped cap, or a simlar fitted cap) nade of a suitable

mat er icatbidesisclapmlybd oo thadilhgutf hit berusesthardreed PEWr alttquapf thefcasihg skod lsit cmy PDC
cutting structure of a standard PDC drill bit The cap is nounted to a PDC

cut t erroMtoihd eadgndasiethealrii @nditdint 26 radidy unster hiyd dgnidénds PR @@ichi diehe
substrate. The cap may cover, wi thout directly bonding to, substantially

al | ofgchingy diiagundalipeanofuct BErRPBCULIS(. A ternatively, the cap may
cover, wthout "directl’y bonding to, nore than 50% of the dianond face of

the PDC cutter. Alter ively,.th oyer, W yt. di rect |. ndi ng
to, approximtely 50 %1 %%s ¥§%¥8F%%§Sﬁ%@agﬁgygﬁ %{]ﬁé Oﬁ&%@g a{tlggs. l%%%(lél)r{%gfof‘gel Y,
er, without directly bonding to, ]Jess than 50% of the

the cap ngé co é
di anpAdWPHEEL 510F HACHDEILRH RS, SFRIEISHMPS: s PP 5188 SCORM e CBHENER]t t er
t hrough a bondi ng action between the cap and the tugsten carbi de substrate
of t henphm cutdigfosalNpraotopeer tirbaIchyor gxiporinilows atayt hevee dpmignheffeetian t he
portion on the dianond face) is bonded to a portion of, or a mgjority of,
t he t yrgdirdP¥@bhs.d€his ebstimat e bf the lvesd ¢veh athce grdADEffotd arermddean desgexpbsed
outside of the drill bit body.
material substitutions to make the equipment more drill out friendly. The use of aluminum,
phenolic, and other material has been helpful in limiting PDC bit damage but has left open the
possibility of damage that can reduce the performance and useful life of a PDC bit in the drilling
of formation after the drill out has occurred.

Evaluating the key points provided above demonstrates that the solutions of the
prior art discussed above all embody significant design or construction compromises that
substantially reduce the potential performance of the drill bit in the drilling of the formation,
where it is going to spend the vast majority of its life whether measured in rotating hours or
distance drilled. The prior art solutions require invasive modifications to the bit’s design layout
or the substitution of specialty cutters that are by definition non-optimized for formation cutting.

What is needed is a solution that allows for the use of standard PDC cutters, and

formation optimized PDC bit designs without creating long-lived bearing areas. The solution

8



The cap may be fitted onto any PDC cutter which includes a dianond face
nmounted on a substrate (such as a tungsten carbide substrate) including a
di anond face which is of any one of the follow ng types: non-I|eached,

shal | ow | eached, deep | eached, and resubstrated fully | eached.

In an enbodi ment the caps are nade of a high toughness, | ow abrasion

resi stant tungsten carbide material. Such tungsten carbide material may
contain cobalt percentages in the 14-18% range. In an
alternative enbodi nent the caps are made primarily of steel (or nickel or

titanisieild @k capblObMRhdiRPRiAPFdtdli@cBh@ cx@ingldriPyits dr lri@iniedlagk ARAbIfeA Cap
of this material type nmay additionally be set with a Tungsten carbi de or

CBN o j t ide I o]
the mopaerhisPouitth dh WNOSHER LS oo BT chlimel Yy PRIREATE R
secured thro use of a tapped le on t face of the netal b cap) .
At or napUar f e bR g, BRBERS e SuPte birr it ey Bethor preatal,

hi gh pressure pressed, LS bonded or otherw se adhered to the base cap

mat er iCAYINE/Fapinghessered caupmeniiRdiieg ¢kdglit®r tip is brazed or LS bonded to
the netal base cap a high tenperature braze material with a nelting point
above the nelting point of the braze material to be used to nount the PDC
cutters in the bit is recommended. In a preferred enbodi nent
the cayvmsiskeeured to the substrate of the PDC cutter of the drill bit
using a braze material with a lower nelting point than was used to

originally braze, Eeﬁﬁ(sﬁ@pasgéjfurngﬁeﬁ B%rg%dh Qﬁ%bﬁﬂﬁgﬁén LGidd ok OBNLibpedF@b, or a

exanple, if the original brazing o e PDC cutters was perfornmed using a

br azeég”ﬁié’%rfilt%ld C\é\j A ade %ea:l %élpat%heg r&r)]lidtt%ﬁali iQ Fodb ngfebe%]:l:gatéég\(g %ﬁd%ejg%lgeeg%%l;%g&%rmee it

;
to 13 grees Fahr en e protective to the

substrate of the PDC cutter _usin zj . rial. with a nelting point
of | e§§1sflﬂ%%Df2%‘6“%§tf%‘§ c rf’éﬁrséﬂ’iﬁéli%t ‘%8 it e caf) i THpNTY @r%%‘b&xﬁélﬁer
g

enbodi mrent the caps can be pre-nmounted on the PDC cutters using a high
t enperdtid eotbprasze aianeqriddicd andandedy g idasteorcatthdoudhtraehdhe sramiergonsst hods
= without directly bonding to, substantially all of the diamond face of the PDC cutter.
Alternatively, the cap may cover, without directly bonding to, more than 50% of the diamond
face of the PDC cutter. Alternatively, the cap may cover, without directly bonding to,
approximately 50% of the diamond face of the PDC cutter. Alternatively, the cap may cover,
without directly bonding to, less than 50% of the diamond face of the PDC cutter. The cap is
held in place on the PDC cutter through a bonding action between the cap and the tugsten
carbide substrate of the PDC cutter. More specifically, a portion of the cap (other than the
portion on the diamond face) is bonded to a portion of, or a majority of, the tungsten carbide
substrate of the installed PDC cutter that is exposed outside of the drill bit body.
The cap may be fitted onto any PDC cutter which includes a diamond face
mounted on a substrate (such as a tungsten carbide substrate) including a diamond face which is

of any one of the following types: non-leached, shallow leached, deep leached, and resubstrated

fully leached.



known in the art. The pre-capped PDC cutters can then be brazed into a
drill bit using known brazing nethods and tenperatures for brazing cutters
into bits. In a preferred enbodi nent the caps have faces that
are inclined to produce a |l ower back rake angle relative to the mlling
target than the back rake angle of the underlying, capped PDC cutters. In
an enbodi nent, the outer face of the cap may be generally hem spherical in
shape. In a preferred enbodi nent the outer tip of the cap is
offset fromthe outer tip of the PDC cutter it is protecting even when

cutter back rakeniaf chh@indmtie a5t AN nadd BEa M IS RluckQRPIbNebrA®tredisfaar war d
offset (in a direction perpendicular to the dianond table face) and a

circu t i, al: (4 i i i ) f
cxcamp SR cafbig ShbEA, (bn bl B Hartlhd BiferRlney Ol (REk DoffBnpldh he
inventliorg0 he front face of the cap may have a siderake angle that is
di f f er'dnt®? 98t he si derake of the underlying cutter. In other words the
t hi ckness of the front face portion of the cap may be greater on the
out board si de oflnpRelEHEtIVH&MbPHEIMHHivasads ST Bagde PEiRsridapf steel (o veckgbpsa.

titanium, or any other appropriate metal or alloy). In an embodiment, a cap of this material type
may additionally be set with a tungsten carbide or CBN outer tip. Such a tungsten carbide or
CBN outer tip may be brazed to the metal base cap, or mounted thereto with a fastener (such as a
screw secured through use of a tapped hole on the face of the metal base cap). Alternatively, the
tungsten carbide or CBN outer tip may be hot pressed, high pressure pressed, LS bonded or
otherwise adhered to the base cap material. In the embodiments where the outer tip is brazed or
LS bonded to the metal base cap a high temperature braze material with a melting point above
the melting point of the braze material to be used to mount the PDC cutters in the bit is
recommended.

In a preferred embodiment the cap is secured to the substrate of the PDC cutter of
the drill bit using a braze material with a lower melting point than was used to originally braze
the PDC cutter into the body of the drill bit. For example, if the original brazing of the PDC
cutters was performed using a braze material with a melting point in a range of 1300 degrees
Fahrenheit to 1330 degrees Fahrenheit, then the protective cap would be brazed to the substrate
of the PDC cutter using a brazing material with a melting point of less than 1250 degrees
Fahrenheit.

In an alternative embodiment the caps can be pre-mounted on the PDC cutters

using a high temperature braze material in an LS bonder or through other brazing methods as is
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In yet another enbodiment the front face of the cap is forward offset (in a
direction perpendicular to the dianond table face). However, the cutting
tip of the cap is aligned with, or is positioned rearwardly of, the PDC
tip. This offsetting of the tip of the cap with respect to the front face
of the cap is acconplished through the use of an intervening bevel, ranp,
arc, or step. In all instances the outer tip of the capis in relatively
close proximty to the cutting tip of the corresponding PDC cutter. This is
advant ageous in that when a bit is retrofitted wth the caps the underlying

force Khahvang eh@hrk! MAN RS cpel PHDLhttds BadTineh Rl brizcafihRcd edil HRUWIMOkREvA | Ng
or drill out the bit will benefit fromthe underlying force bal anced

| ayout, r.cel i.sqlayout is that the
effecg?%ﬁﬂgégﬁ%?st é%§¢%%ﬁg§g§?P%?gl(%&?%Egéékghy be enhanced by falling
slightly behind.the P utter,.tip. The outer .ca i.p wi.ll.be better

posPti oned to sHbd Py iab Gl easot Akt Son hbur ncliedosPmdiecdy ¢ or
nore efficient nmachining. o In a preferred enbodi nent the caps
or outl@wer bask rafc g pAFECitadhy poliagdagni hapthoaRack epangle 96 hesungierlying,
depressions on their face to inprove the mlling/ machi ni ng of casing or
casi ngapssididGretterequi pnent . In all enbodinents the caps are
not bonded to the face or periphery of the PDC dianond | ayer but rather arc
bonded to the tungst@ibodankitdthesdiltsttad of ol dapemBPGe @uhdrelly hBXsphéresaond i s
not wetable wth standard braze material. A key aspect is that the face of
the PR utter may be protected by a first portion of the cap w thout the
cap being directly bonded to the face. In this inplenentation a second

portion of the connect r. e | i_nt eqr fornmed with he
Prrst portion i a1 8agtragt efbedol A RS rs L And b Rt ot
cutter b or exanpl e, hrazing. I n some.enbodi nen t
secc>nc!ihf‘p§PtfiI BHIHHL PhIOESENE SVl BEChSHER APk P RpREEN GHO PREPEh t{j}gﬁ@ket
bel ow the face of the PDC cutter. In sonme enbodi ments shorter substrate PDC
cut t ercemarigcsyyely atforward rdkssie(in Beditsshen aswandfulehe Bgplizmondieblsalsec)omdthe
cutter pocket. In sone enbodi nents the pocket base is configured to

i ncr easreurhfrecrhohdifsty (iaracadiavdirdcabhe The dffsetseaqy, &ir dxh@pkabeat logsat(30i.

In another embodiment of the invention the front face of the cap may have a
siderake angle that is different than the siderake of the underlying cutter. In other words the
thickness of the front face portion of the cap may be greater on the outboard side of the cap that
the inboard side of the cap, or vice versa.

In yet another embodiment the front face of the cap is forward offset (in a
direction perpendicular to the diamond table face). However, the cutting tip of the cap is aligned
with, or is positioned rearwardly of, the PDC tip. This offsetting of the tip of the cap with
respect to the front face of the cap is accomplished through the use of an intervening bevel,
ramp, arc, or step. In all instances the outer tip of the cap is in relatively close proximity to the
cutting tip of the corresponding PDC cutter. This is advantageous in that when a bit is retrofitted
with the caps the underlying force balance attributes of the bit are minimally affected. During

milling or drill out the bit will benefit from the underlying force balanced layout. Another
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In a prefen-ed enbodi nent the braze material used to braze the cap to the
cutter substrate al so adheres to the inner surfaces of the first portion of
the cap that are adjacent to the face and periphery of the PDC di anond

| ayer. This braze material, while not functioning to secure the first
portion of the cap to the dianond | ayer face, nonethel ess provides a thin
cushioning layer to limt the transfer of inpact |oads to the dianond | ayer
while the cap is mlling casing or casing-associ ated equi prment.

In a preferred enbodi ment the cap incorporates holes or slots that inprove

the fleWcRlkdRHazRd¥RIfeRik #yoliPisttRe thd¥elctiiBldsO8f thaeBSoPhilliRg papRsdUhiyse
installation In a preferred enbodi nent these sane holes or slots are

conf i %Hfﬁ}e{l ﬁoé/afal‘ifr?ﬁ rsg 315} B@hiﬂié ﬁ%gﬁﬁgﬁg&#ﬁgﬁnlﬁ?ndTﬁ@e&gérn?agfggt\bﬁl 68Rsetter

especi a rti on, hg i S conp and as the cap

begins ta encounter rock formation In so enbodi nment.s

cerr arruReTer Ronisgh ks el SBhsRpinspeiowmetab sediets SORGRS B BT HEERD ¢ o
improve mlling performance and to create predeterm ned fracture planes to
bet t emMaghingg-t he cap to disintegrate at the commencement of formation
drilling. G ooves or serrations on the cap al so i nprove cooling and

cl eani ng of the Isappattaricdgembddimpgf hperaps oomster tips of the caps ingermoate chip
enbodi mrents the cap may be depl oyed on upream ng or backream ng sections of

t he drbrddkebiype bfooRbhand@réN@dnabh lthdiyfaof td heprblé tHeanitidd/mbéadking if @bgig or
mlling debris, whipstock attachnment equi pnment, or pull back through a

casingaﬁh@ggﬁkﬁ&ﬁqhh@h%gtcasing-associated equi pnent .

In all embodiments the caps are not bonded to the face or periphery of the PDC
diamond layer but rather are bonded to the tungsten carbide substrate of the PDC cutter. PDC
diamond is not wetable with standard braze material. A key aspect is that the face of the PDC
cutter may be protected by a first portion of the cap without the cap being directly bonded to the
face. In this implementation a second portion of the cap connected to (for example, integrally
formed with) the first portion is secured to the tungsten carbide substrate of the PDC cutter by,
for example, brazing.

In some embodiments the second portion of the cap is also bonded to the base of
the cutter pocket below the face of the PDC cutter. In some embodiments shorter substrate PDC
cutters are used to increase the bond area of the cap at the base of the cutter pocket. In some
embodiments the pocket base is configured to increase the bonding area available to the cap at
the same location.

In a preferred embodiment the braze material used to braze the cap to the cutter
substrate also adheres to the inner surfaces of the first portion of the cap that are adjacent to the
face and periphery of the PDC diamond layer. This braze material, while not functioning to

secure the first portion of the cap to the diamond layer face, nonetheless provides a thin
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The cap fulfills the criteria set forth in the precedi ng background section
inthat it does not alter the bit design or selection for the formation to
be drilled. It does not alter the underlying force balancing of the bit. It
further leaves little or no bearing surfaces to reduce penetration rate
when drilling the formation. The cap only mninmally acts as a thernal

i nsul ator for part of the dianond face and then only when the cap is stil
intact. The cap is not bonded to the dianond face and therefore is not
prone to transmt stress cracking into the dianond face. The cap does not

i nt er fe@giBoMthE haydh@o Quek ahd AN ifp£0Nddddubaht Aarénd hgeDhilang Ras i@
mnimal affect on bit hydraulics which dimnishes as the cap deteriorates

and is.: Ui Holg i; i:lling. The cap does not require special PDC
cutte?%?n§$”§%%8?gf%ﬁ%%gé?ﬁgﬁgﬁ?%%%ﬂgdd on cutter substrates. The cap does
not require mxes of dianon ith of her superabrasive materials to allow
for m It ng The apahpfedhuiische i FUBGRmEnFONGAT aloH I AghSyBphe

wi thout increasing the likelihood of cutter tip rounding as can be the case
wi t h tilvhof Bipee enaserial doglas BReCBRBIY &SP 0btiefamdHIng @ﬁ@ﬂéﬂ%t@raa@refﬁ@%ed
to the face of the PDC cutters. The cap protects the tip of the PDC cutter

f r om eibedindategest mmd heled RDSotsubtcersfigured tpregpiatedthsedivmidgsatioor amt her
nmetallic debris produced during the drill out of casing-associated

equi praeddinBH e dIpSCENcBRI O ORrst HortRAWNCH e rh gl € islcshslv@d angiadehy cgw of
a PDC cutter; Figures 2-5 illustrate different shapes for the portion of a

cap U?b%ginﬁ)'fb LREuBGock formation.

In some embodiments serrations or grooves are also employed in the
configuration of the cap to improve milling performance and to create predetermined fracture
planes to better allow the cap to disintegrate at the commencement of formation drilling.
Grooves or serrations on the cap also improve cooling and cleaning of the cap during milling
operations.

In some embodiments the cap may be deployed on upreaming or backreaming
sections of the drill bit to enhance the ability of the bit to mill back through milling debris,
whipstock attachment equipment, or pull back through a casing window or drilled casing-
associated equipment.

The cap fulfills the criteria set forth in the preceding background section in that it
does not alter the bit design or selection for the formation to be drilled. It does not alter the
underlying force balancing of the bit. It further leaves little or no bearing surfaces to reduce
penetration rate when drilling the formation. The cap only minimally acts as a thermal insulator
for part of the diamond face and then only when the cap is still intact. The cap is not bonded to
the diamond face and therefore is not prone to transmit stress cracking into the diamond face.

The cap does not interfere with the overall hydraulic configuration of the bit and has a minimal
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cutter; Figures 6 and 7 illustrate a chip breaker type groove

or depression forned in the front face of the cap; Figure 8 illustrates an
optional siderake feature for the cap; Figures 9 and 10 show
an end view and a side view, respectively, of an alternative inplenentation
for the cap; Figures 11 and 12 show an end view and a side
view, respectively, of an alternative inplenentation for the cap and Figure
13 shows a drill/m Il bit including cutters with caps.

affect on bit hydraulics which diminishes as the cap deteriorates and is shed during formation
drilling. The cap does not require special PDC cutters, or special non-cylindrical add on cutter
substrates. The cap does not require mixes of diamond with other superabrasive materials to
allow for milling. The cap enables the PDC bit to get through a milling step without increasing
the likelihood of cutter tip rounding as can be the case with thin layers of tungsten carbide or
other non-diamond material bonded to the face of the PDC cutters. The cap protects the tip of
the PDC cutter from being damaged by freed PDC cutters, or impregnated segments, or other

metallic debris produced during the drill out of casing-associated equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a side view of a PDC cutter;

Figures 2-5 illustrate different shapes for the portion of a cap used on the PDC
cutter,

Figures 6 and 7 illustrate a chip breaker type groove or depression formed in the
front face of the cap;

Figure 8 illustrates an optional siderake feature for the cap;

Figures 9 and 10 show an end view and a side view, respectively, of an alternative
implementation for the cap;

Figures 11 and 12 show an end view and a side view, respectively, of an
alternative implementation for the cap; and

Figure 13 shows a drill/mill bit including cutters with caps.

DETAILED DESCRIPTION
14



DETAI LED DESCRI PTI ON Ref erence is now made to Figure 1 which
shows a side view of a PDC cutter 100 installed in a pocket 102 of a
drill/mll bit (like that shown in Figure 13). The PDC cutter 100 conpri ses
a dianond table layer 104 (or dianond face) and an underlying substrate 106
whi ch may be nade of a tungsten carbide material The cutter pocket 102 is
formed in a bit body which may be nmade of tungsten carbide in a matrix. The
di anond tabl e | ayer 104 rmay be non-1leached, shallow | eached, deep |eached,
or resubstrated frilly | eached, as desired. The configuration of PDC

cutters and dri lHeribAccionb®Smctd MRAGKQLBhiLS sNRIY a KBOWRW 6F 4 PDB skt Lded i n
the art and will not be described in further detail except as is necessary

oo DA @fegggu@gkw R WAVERH KHike hat shqwy iy FiglRELFDTRUBETuEOLOP
hods | 0 d h
150 o mPR e d B ERY ol s3EE S I G BRRLIE Ry ST R Sivitie §§ e S00

degrees Fahrenheit to 1330 degrees Fahrenheit. The thickness of t he braze

mat er Y B9 s ofapesion @rljde Baterial Eowwitchoeckes b i fpimadriaaiihodiaach t s

| ocati on and presence cl ear. Figure 1 further shows a cap 110
whi ch neysbeomede dfitsngtdneciripde ienRBDE. cTha drmoOdtabla layér 104eayubadersicadddt hat
the cap 110 can, in a first inplenentation, be installed on the PDC cutter
100 afshgtow ecikiaC dett teathdiasr BeabstaeaUfiflg lbachtieascddstred. @06 kohfid@atied of he

bit body. Alternatively, in a second inplenentation, the cap 110 is

| nst alpred qpr{ Bf &€ HB&1€§ wikABoB&E O %ve%’l%%dnr’ce tﬁd%@ sEl‘HBIP e aﬁ%& %ﬂ »8P
assenbly to the cutter poc et 02 of the b|t o y Thus, the first

i mpl e%%{ale??b b%gi1 tu{ Fu@th%f geg}n? exce {58 gpgessary ers a l% I%se%t fysa ﬁtggaccéﬂi tegr S

PDC dri e JChp™on desired ‘ghes o Inc

Conversely, the ntat.i on represents for exanpl

fabrication of éﬁ‘ﬁéﬁ?(gﬁ@n% S@i’ptlc lé’ F?ejéf’éthépﬂlﬁ aflpsﬁée“cﬁ?i%@fg@?m&

sel ected | ocati ons. gure 1 specifi cal ly iflustrates the use
of a tlthgshertherantsheds mapde hsed. The bclfw matgealfl08msedingssren teaPBCautter 100
material). The material for the cap 110 may conprise a high toughness, |ow
abr asivathin ésimtitt] 02 uyygstigrhas amindldie paheiniaabngd af 136R dnpdees Fahrtnhrgsd ép30
carbide material containing cobalt percentages in the 14-18% range. The cap

110 mepoRay ealabiyh@eSTRE thidhaneof @BhrsRMastaldlli{erantn BlzaRes iAfbwn over-
confi gur ations are discussed herein. Alternatively, as will be discussed in

nor e (gggf? Rer 8 ake 1ﬂq%5a@ﬁgpja?r9})f€'§é’ncglcieﬁf natively be made of a netal (or

nmetal a maerlal t her at netal/netal alloy cap 110 may
of anot her “2 ek e R S TR e T SR ekl Sl
for t r}te w(i:l?%elurlll((:ilerléltoeod thate:[ﬁle calg Iltl(? Q:Iallfl rT1]n anhl(r:slt(?rlnpl%prgnmn?llog b‘t()je 1r1]1lélt led on the PDC
cutter 100 after the PDC cutter has been secured to the cutter pocket 102 of the bit body.
Alternatively, in a second implementation, the cap 110 is installed on the PDC cutter 100 before
securing the combined cutter-cap assembly to the cutter pocket 102 of the bit body. Thus, the
first implementation represents, for example, a retrofitting of a manufactured PDC drill bit to
include a cap on desired ones of the included PDC cutters. Conversely, the second

implementation represents, for example, the fabrication of a new PDC drill bit to include a

capped PDC cutter at selected locations.
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The cap 110 is held in place on the PDC cutter 100 through a bonding action
between the cap and the substrate 106 of the PDC cutter. More specifically,
a portion of the cap 110 is bonded to a portion of, or a majority of, the
substrate 106 of the installed PDC cutter that is exposed outside of the
drill bit body (i.c., outside of the cutter pocket 102). The cap 110 is
attached to the PDC cutter 100 in one inplenentation, using brazing to the
substrate (a tungsten carbide substrate, for exanple). The braze naterial
108 used to secure the cap to at |east the substrate of the PDC cutter
typically has aP%@héﬂﬂ?gaﬁbﬂka@&mh%%&héh@ﬁoﬁgﬁ@,ﬁ@@&@%ﬁmﬁﬁﬁ(ﬁ@h@b&)&@&ﬁ I'S
thus less than the nelting point range of 1300 §egrees Fahrenheit to 1330
degre it o brazi mterjal re i ter
i S HEE AR EhleidOhali) TRE R BF 8 cal 390 £, SRS, L0 PR
alrea installed.cutter w thoyt, riskin ooseni the installed cutte
From oty Htter TRest Ehayt aates el BRCSHRIT G dRnelE Bl FolusL
material illustrated in Figure 1 is shown over-scale in order to nmake its
| ocat iCORtaHyRE prisddiseenigenin the 14-18% range. Theogapy Bl ppay pee @npdeptrod skansot
brazed (i.c., is not attached) to the dianond table |ayer 104 of the PDC
cut t erand GoverRadiffercnt shdpes sind porfigunationd atchdiscesped h@ecov eAltemeti¥alpras Walcee of
the dianond table |ayer 104 of the PDC cutter sinply rests adjacent to
that fdaeessewhnlrgora dzetioRgeiporid ep 0f0 hhe d@matively hmadtibstarat@l dometal
secured to that substrate by bonding. In this context, it is recognized

that REG, dinalBad &81 PQthrehalheapdcl 88N das 81 ®LAZEnIBILE @ gstehlcalide or
i nportant” that the dianond table face of" the PDC Cutter be protected by the

cap w t the I n Lrect | nded he f. T n rtion
ot n B9y 1B GRELRER P RBLLEEDY e B RotE s HBER B PEEERNRERR 7o
brazed. and attached.to the_supstrate terjal, .may further attached

t hr oqu“HP%Ei‘arliE}ﬁ%OftrH@e’BQ? 50l SN GHIS S i B, hslest 6] npfpgvdemrp r pocket
(see, at reference 50). The first portion of the cap may al so be attached

t hrough brazi ng Tthe qahel luisthetd pooleee oprtbe EL¥peuitdri H& thyoughhe bpadiag ¢ftiathe
cutter pocket below the face of the PDC cutter, see at reference 52). In
sone érbvogthnients sldaht erbssutesitonatt ehdPDOC cuttterdosr eetisiedlt, @ pondoneasbe tie
bond area of the cap at the base of the cutter pocket. In sone enbodi nents

the pagked bbrare té & pehl FUsEH ndafritP 6F, 8RS Sutkh&c NOB i A AkaRcAVBU @lkethhp t he
cap at the sanme | ocation. Sonme braze material 108 may

o ot CSHFLEDERTRETE EhUREI6 8 o3 Sl R AR RER UL
i : .
enbodi a1 HE 16 s8Rl frie Bl Ro PR, Sitl g ¢ 4% bk {Efnesten

substrate al so adheres to the inner surfaces of the cap that arc adjacent
to t héadidgpivatratanios examaleandhpdrigshapigrigh 1 ihesepre seruRodh camipedt, leathitlhe
braze material provides a thin cushioning layer to limt the transfer of
i npactsubstatisoff hetMC dutierotydichkBy drs wimidleng heint epgesatloni 250skgfass Fahichhaig
casi ng or casing-associ ated equi pnment. Once the mlling operation is
conpl ghetis and [tfethdnithé dditind@gindsad@r 6Rl1BON ddgickd iFalkenlidie tc ap3( Abgleeast
over the dianond table face) wears or breaks away so as to allow the

di amongpiahliedrehd ashi AMht@sal LRKI BstHRE YoCPHE e SEMA MY Suttel Bodid2b)S MARY
the drill bit can be first used for mlling (wth the cap) and then used

for allows the cap 110 to be brazed to an already installed cutter without risking loosening the

installed cutter from the pocket 102 during cap installation. The thickness of the braze material
illustrated in Figure 1 is shown over-scale in order to make its location and presence clear.
Preferably, the cap 110 is not brazed (i.e., is not attached) to the diamond table

layer 104 of the PDC cutter 100. Rather, a first portion of the cap 110 over the front face of the
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drilling (wth the dianond table), thus obviating the need to use and then
pull a specialized mlling bit fromthe hole. In an
alternative enbodi nrent the cap 110 can be pre-nounted on the PDC cutter 100
using a high tenperature braze material 108 in an LS bonder or through

ot her brazing nethods as is known in the art The pre-capped PDC cutter can
then be brazed into the cutter pocket 102 of a drill bit using known
brazi ng nmet hods and tenperatures for brazing cutters into bits.

Wth respect to the shape and configuration of the cap 110, the cap may

cover ,diaeﬁéﬂaoubledﬂa{,&ctd%mwm@ dufter SiHRSH aRtd aljhoenald iRt ridewdilanpadoiace
104 of the PDC cutter 100. Alternatively, the cap 110 nay cover, w thout

di rect].y: bondj 9 of,

cut t oo 0TS S Suer FRY oSS 1?%"5%%“%@30 BloE SR 1 ot el%%”f‘? C‘Z i ng
to, r oxi mat el f,.the dla P tt

A er RRBiVEEIZ ﬁ%@ég’ﬁﬁ ﬂ%ﬂ%&gs b P gttt ey m6t o % BTEek

t han 50% of the di anond face 104 of the PDC cutter 100 Exanpl es of

di f f elletitthe Wipeandyipbls fags pefenPDERIEET By DiiEeehbaglS cap év@ﬁé‘;/\ﬁlq PGS es 2
and 3. Figure 2 illustrates a rectangul ar shape for the

porti cireody béreled ap the1fdcarhTlohscoved bortion ol ghediapntd Aichdf e thO qubpfratehld6RDEe

cutter 100. Figure 3 iflustrates a trapezoidal shape for the portion of the

cap 1POObitedt 100etvhicass bhecd wadidhtdeetht Qdbafatd hatcHRIC ngayt fuetherlROattach@lir es
2 and 3 are end views | ooking towards the dianond face down the

| ongi tth'{@h@l‘?bra%ﬁfgsto Qhe bGPy &Pﬁfc@ bt thAGALIDof 11 c'tzl’ttgr& tzﬁs@@qtt RertRce 50)

t hi ckness of the braze material for securlng t he er wmthint

cutt erTh%Oﬁ" or%%ﬁ nogetﬁ% é:g%%g% gy %g afttg eeﬁ' %K brilzn%% to_the c%t%eegoafet more

geonetric Shapes rOVI nor e or di over age
of the di. nd f for e Fi gure
specitl gﬂf ly, the ase ofS %e cutter pocﬁetrg)ellow the f%c fs the P?)éj cutter, see at reference 52).

In some embodiments shorter substrate PDC cutters are used to increase the bond area of the cap
at the base of the cutter pocket. In some embodiments the pocket base is configured to increase
the bonding area available to the cap at the same location.

Some braze material 108 may advantageously be present between the cap 110 and
the front face of the diamond table layer 104 of the PDC cutter 100, but this material does not
serve to secure the cap to the diamond table layer. In a preferred embodiment, the braze material
used to braze the cap to the cutter substrate also adheres to the inner surfaces of the cap that are
adjacent to the diamond table face and periphery of the PDC diamond layer. This braze material
provides a thin cushioning layer to limit the transfer of impact loads to the diamond layer while
the caps are in use for milling casing or casing-associated equipment. Once the milling operation
is completed, and the drill bit begins formation drilling, the cap (at least over the diamond table
face) wears or breaks away so as to allow the diamond table to function as the primary cutting

structure. In this way, the drill bit can be first used for milling (with the cap) and then used for
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Figure 4 illustrates a curved segnent (eyebrow) shape for the portion of
the cap 110 which overlies the dianond face 104 of the PDC cutter 100.
Figure 5 illustrates an oval or elliptical shape for the portion of the cap
110 which overlies the dianond face 104 of the PDC cutter 100. Figures 4
and 5 are end views | ooking towards the dianond face down the | ongitudinal
axis of the PDC cutter. Again, in Figures 4 and 5 the thickness of the
braze material for securing the PDC cutter within the cutter pocket has

been exaggerated for clarity. _ In a preferred enbodi ment the
caps HPidawueitf acegiahdoall @k1e), ithed bkastidotRr QEHGE Rel PWethePPaH o FhRiadingl ©
relative to the mlling target than the back rake angle of the underlying

PDC C?&hﬁ%ﬁd#ﬁQmmﬁ@ﬁ ols illustrated in Figures 6 and 7, wherein Figure 6
shows an éend view and Figure 7 shows a side view of the inplenmentation.

Al t hough Figure .6 shows yet of.her different shape for the cap, it wll be
fecognized Chat B MIFRPLFosPYRE Mhaad 1 50ewDpe prramauytd G dit PRl ¢ o

t he di anond table) as shown in Figure 7 to provide a | ower back rake angle
i s equlPypingop ighmneparguienrage siatatl dA8 8npbSi bravdgd Phdhrengs etheh digrizbhove
in Figures 1-5. The angul ar difference between the dianond table face and

t he capcthodsris if Aoewmay theaarge The pm-eaphbedvPiEgrets cho thenba brazedemto thdegittees .
Figures 6 and 7 further illustrate the optional presence of a chip breaker

120 t yREK@INOQ\GE aQtiildEPuEHS kAdwih OFa¥RG mbthbikeardd @Afpcfadges ffr bid¥enLaptcisldtnear
the cutting end at its outer tip. This structure may inprove perfornmance
when ¢kl i ng/ machi ni ng of casing or casing-associ ated equi pment In an
alternative enbodi nent, serrations or grooves may be in the configuration

of the cap to nqgf..only i.marove mllin rformnce but reate
%u 1C ectn{8 the %l%aé)ebantd c%nplgl]lra 1011 toﬁghec%aésl @O%Igei gﬁpnrt%é rcg eér,

predet erm ned fracturé planes etter ["ow

followi.ng the c letion of mlljng operatjons dt 0 cenent of

f or macTIERU H}rﬁqtﬁ%ndsz&w, éPlE)%a(}’é]éhﬁ%lls(gfrti‘ﬁt iR fice HBE @Eﬁgﬁﬂ C‘iltFFﬁrlg\()e
coolinq and cl eaning of the caps during mlling operations. 19

Fi gur élgriaivelyerths isaps! lAnoen eoveh apghosb ifiicgilir Aondingftor mae thap S9A00f Ithe t hi s
case, the outer peripheral shape of the cap is a half-ellipse whose ngjor
axi s idsanosridefate d04 ofvdie PDE kettarult0Di NgtdrngiveAl, ther caat li lviahy cotdn) withalt fdirettlyt pse
shape coul d instead conprise a hem spherical shape. A cut out portion 122
i's proevhdiag «©xdpprekimstelynsdon Mthdiamdad faceutoal It tehape witleh 1bhe AGtdinadivtly,

portion having generally the sane geonetric shape as the outer peripheral
shape ypf c&;ﬁ?l (*fBy cover, without directly bonding to, less than 50% of the diamond face 104 of
the PDC cutter 100. Examples of different shapes with different covering percentages are shown
in Figures 2 and 3.
Figure 2 illustrates a rectangular shape for the portion of the cap 110 which
overlies the diamond face 104 of the PDC cutter 100. Figure 3 illustrates a trapezoidal shape for
the portion of the cap 110 which overlies the diamond face 104 of the PDC cutter 100. Figures 2
and 3 are end views looking towards the diamond face down the longitudinal axis of the PDC
cutter. Again, in Figures 2 and 3 the thickness of the braze material for securing the PDC cutter
within the cutter pocket has been exaggerated for clarity.

Other geometric shapes may be used to provide more or less or different coverage

of the diamond face. See, for example, Figures 4 and 5.
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Al t hough not specifically illustrated in the foregoing Figures 1-7, it wll
be understood that the front face of the cap 110 nay be fornmed to include a
siderake angle that is different than the siderake of the underlying PDC
cutter 100. In other words the thickness of the front face portion of the
cap is greater on one side (for exanple, the outboard side) of the cap than
the other side (for exanple, the inboard side) of the cap. This optional
siderake feature is illustrated in Figure 8 with the dotted |ine 160.

In a preferred enbodi ment the caps 110 incorporate holes or slots 130 that

improve the flowi@frcri@zgrdi@t £eiRbd k&nidhe (&yRBRIwW)NBRupODAE g&ﬁ% dffiBe eaPS
when they are being installed. In a preferred enbodi nent these sane hol es

or 1 Qg Jith 1 &GORL IR ho. FELH BF PR bl dioh! MhEEE 3118 ARG RGEGE N
of the caps after the mlling 1s conpleted and as th caps beginto
encounter. rock farmation. This is |]Jlustrated.in Figure ich illustrates
" oF e gHish Frre N aR® pBon bttt [y Tihe Rdics s idoRq Jut i or he BB
Figure 8 provides an enlarged side view of the cap structure. The cap 110

i ncl udaset W-i nigrres ut faaée‘g ajghiceth Vapws deakipe ipeds cit dianendeficn dvwerthe A
first of those perpendicul ar inner surfaces 132, associated with a first
porti dongi®@8inef axtihef thapDG sutppos AghionadFigdicadend Stthe thitkanpd thabiaec fratoeiabf
the PDC cutter (not shown in Figure 8). A second of those perpendicul ar

i nner feilct @at@stht PHC agsoslidietic Wuitdt pcBe tanbeddxhi@natddorefarithe cap, is
positioned adjacent the side of the PDC cutter. A front surface 136 of the

cap is set at an,3GhteranghSodilcht tHe&3PEEI0 he! MeslthitShe RRIREND GHlde a
surface 132 in order to provide for the desired back rake change in

conpari s t he back .r.ake le.of th i n a f ace. S| rface
135" oo a8 S RAF ol RS oAE LB B 8 MR PE B UEOAE BT B B

per pendi cul ar face.134. The. conbi nati of the_angl front and sid

sur f a'cf;g)sé S’E%er%i@dr- 1@8‘5 bsrlg‘\‘)?tﬁlaé%de‘r“d—‘ﬁg‘émf iaeﬁg nWB@reB‘f Flﬁl’ﬂ% éca “WePEs A #19 140
where the first and second portions 133 and 135 of the cap 110 neet. In an
i npl eddgirat? sowe hesida gty ahdhsimplengpfatioes ABoughdFies® frepioweetct gnothhe tip
140 of the cap 110. Alternatively, as shown in Figure 8, an additional

sur f acléffdrdt, shupd ©h thescageimernhbt yegogniatd thlat the di fifiercstécmntinquiefa peaftthe vh@fwith
surface 134, connects the angled front and side surfaces 136 and 138 at the
tip peEdpeeitohc JiBRoRARDIHNE SE&Pn iSFArd Ntegoddeln IbRENMpRLatikd &lg8 BRLILST NY
the first and second portions interconnected at the tip portion.

In a : j ot ap: | iLEC ially
For ar By rS SR P S HRFR IRk (AL AR h obBE: PP S TURLSRERH
cutter,. back rake is.taken int ccount. |If line normal to the bit profile
s ar AiCEReaaRe e duvrnddeete Bsrind e namdes i ETs g o deY chehT
profile is drawn through the outer tip of the corresponding cutter cap then
in thitetBiPSUFHEAESERe | i nes are substantially parallel and the line
through the outer tip of the cutter cap is offset fromthe |ine through the
PDC cutter tip Bygucy adidl fditstraligerats thatoptiesd presod@of arthsp breakeral 20rtgper r ed
enbodi ment the outer tip of the cap is offset, in a direction normal to the
di anongodvaldreleh@esgon forem tihehectdrt €icetdfph®apt e RREHRUtETg dy A it @uwaRi.

di stance of at |east .030".
This structure may improve performance when milling/machining of casing or casing-associated
equipment. In an alternative embodiment, serrations or grooves may be in the configuration of
the cap to not only improve milling performance but also create predetermined fracture planes to
better allow the caps to disintegrate following the completion of milling operations and the

commencement of formation drilling. Such grooves or serrations on the caps also improve

cooling and cleaning of the caps during milling operations.
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Enbodi ment s di scussed above enphasi ze the use of tungsten carbide material
for the cap. In an alternative enbodi nent, the caps are instead nade
primarily of steel (or nickel or titanium or any other appropriate netal
or alloy). Sonme mlling operations are better performed with a netal, as
opposed to a tungsten carbide, cap. Such a cap could have the shape and
configuration as shown in Figure 8. In an alternative

enbodi ment, a cap 180 nmade of the netal/netal alloy material may
additionally be set with a tungsten carbide or CBN outer tip 182. This

i mpl ement ati on iSgirk loUskh@t Bewk AnbtheUdRpe SordGirakn WHAEHRIP 1F0IUA €hid c&Rows
an end view and Frgure 10 shows a side view of the inpknmentation. Such a

t ungs i (A 3 { he: ap
18077 i el PP St Lol ke HHE Tt RhoRk AERY b e el S B 2P e
secured t hrough, use.of t .hole on the.face of the netal,h bas ap) .

At or ittty Mt (g deb TR NG Ral el sbRER Bingtitgs Thaprbe g efte)
pressed, high pressure pressed, LS bonded or otherw se adhered to the base
cap 180 cHaPer PYtion n22He mpydgbexicedng iin frame teindwdi erint shawpreiatht the whioet tip
is brazed or LS bonded to the netal base cap a high tenperature braze

mat er ipattioni taing gestiallnthepoimstgeatmotre shhee asshe puigr poiphtrabshaphef breazp. nat eri al
to be used to mount the PDC cutters in the bit is reconmended.

The cap confi gursthonph afot Fpeeifiedlyd ilandattd irbghe hvveoidie Fiamn® for iardllans
radi al offsets as di scussed above with respect to Figure 8.

Ref er eRE& stodd AW tHBASnL Bcd ;cbfg‘el{eeo%%) ThoaRg, B2 forhRd %8 in Rt a?ﬁﬁer%ﬁ@ QRl ek i he

front face of the cap is offset fromthHe dianond table face (for exanple,

by a di of ..030" t o] t 1RO he c [ ither radially
ot andTRRR bl st g7 e HORIPHL T BhudiPar i PGSR Bl St =1 )
falls so di stance_behind the cutting.tip of the con-espondi.ng PDC cutter
as i ndiWaf¥d P&E“%?%&@r?@@ 19 gspter PR i or vite Thetdn idgypd the Sap
difference in the |ocation of the outer tip of the cap fromthe front face
of t hehan hejosheg sisierifir exhegle Hrcombpared hided 96 thef capn Tt eptiaal pigetslsy étature anm,
arc, or step. In all instances the outer tip of the cap is in relatively

cl ose iusatediin Viguoe 8 methatit tiotngl liepl66f t he correspondi ng PDC cutter than in
any of the non-bonded standal one or augnented substrate cutting structures

of the prior art apiFeir&d JBVBARACAS chph U D@tinvipsa Rblks ios JI&E rB0I thhed

with the caps the underlying force balance attributes of the bit are
improve the flow of braze material to the inner mating faces of the caps when they are being
installed. In a preferred embodiment these same holes or slots 130 are configured to accelerate
the disintegration and shedding of the caps after the milling is completed and as the caps begin to
encounter rock formation. This is illustrated in Figure 8 which illustrates a side view of a cap
110 incorporating the holes/slots 130.

Figure 8 provides an enlarged side view of the cap structure. The cap 110
includes two inner surfaces which are set perpendicular to each other. A first of those
perpendicular inner surfaces 132, associated with a first portion 133 of the cap, is positioned
adjacent the diamond table face of the PDC cutter (not shown in Figure §). A second of those

perpendicular inner surfaces 134, associated with a second portion 135 of the cap, is positioned

adjacent the side of the PDC cutter. A front surface 136 of the cap is set at an acute angle with
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mnimally affected. During mlling or drill out the bit will benefit from
the underlying force bal anced | ayout. Another perceived advantage of this
| ayout is that the effectiveness of the tip for mlling purposes may be
enhanced by falling slightly behind the PDC cutter tip. The outer cap tip
will be better positioned to shear away netal surfaces than plow netal

surfaces nmaking for nore efficient machining. In sone
enbodi ments the caps 110 nay be depl oyed on upream ng or backream ng
sections of the drill bit to enhance the ability of the bit to mlI| back

t hr oughspattl tb tigfi e SndioMMrRSHREK] Bt ih B NFRA broRlH RBFBRtdesiBEd Rtk Iralka@iinge
t hrough a casing window or drilled casing-associ ated equi pnent.

towil . ot . Lt dasi. .
et rof FRpRean ok pils Sl IRl Rg Mol Phde AL RERD 136 of B U ¥
acconmplish the mlling tasks asked of ,them while bein tructurall

o eat Spoddn Toeaseln Whar SRS €T SsPd PORCIHhediRna> hndE ki Pilon of
conpleted and the bit noved forward for drilling . the formation. Bits .

r et r ofthe gdedaren apg sidegyefacasn Spantd 8§ prayidpsifpr a Bugkesingf thverrdgvaelsiany shoe
bits or casing shoe bits constructed fromother materials extending the
casi nd48hderdiht frckeind esconfl poasinad 3drind 13hgf heerptl il @ nect. Bintay ighlanmatatiwny ent
invention can also be used in one trip mll drill systens where the bit is
at t achiedfraiit dntigidcoprdécsa 3ehnpg 8o elayfdct bUMBItPG 40rdftecdpol 1@, Alternatively, as

The PDC drill bit including caps as described herein can be advantageously
used isRoGRMRI PR digl ldhngyBichal QupmEd QR dritidd RY %@H@r‘é% | RRg1l No aGE 0l Agnee
therewith, a PDC cufter drill bit having a plurality a PDC cutters with
certain_ones of the cutters includi m || i ng,.cC t d PDC

cut t o SRR el L EO Tk ehy pEa T et SRPRRRER BRRER Y M fisg

equi pnent. The mlli cap.is configured for mlling .aoperations on a

casi n@pggloe{] ﬁ}ee%ﬁpcoﬁg% R s FBARIREHTY noFREs RBICL BRRBTShEAke &5t 4n) serod
earth formation drilling operations. The drill bit is rotated and the

m | 1§ mgrteap igercomeectdiat fheginpaige to performa down hole nilling operation
on the casing-associated conponent. Drilling with the drill bit continues
after mlling ofntherdasithgmbsdiocinatted oammgnedd dfothdr ¢dpl isacireumderchyialiyg
earth formation. Inportantly, the sane drill bit is being used, and thus

t her e fb&va@ oN@e butcd tiprwfltheq?m'@ lcLit&rat Ripkoth &ty &b wheh euteefatierdke séakéifinto
formation drilling. The drilling of the earth formation causes the mlling

caps Qg ‘?.t ﬂ"eai lﬁﬁdmg&laf { tﬁﬁmﬂ ‘?ﬁ&ﬁl&’?(se@rﬁ@ﬁ‘?hﬁoﬁ%? threechﬁﬂlg dder tﬂ% @W&dﬁa@ﬁﬁee

surface o utter arc then used I n engaging the eart

formati on. . . Referring,nowto Fig 13, there is _shown, an.
examp 8B} 9 thkitgre e i e LR oy il Fr B PRt e TR oD Sy
which includes a plurality of cutter pockets gjor exanpl e, positioned on
radi althiy e@»b@@mﬁnhgwmnaaé@)subﬁée@wllwﬁfaélﬁl pukteding dHouglpihe outer Hpatheautteh of
a PDC cutter of the type described herein which may include a protective
m | | i ngp capfahtomhtbs lipethrought the PBXG cutferritip Ibyli rtadiabdiftanct ofoat [¢ast OBET.| xisas a
mlling tool (using the cap structures) and then as a drilling tool (using
t he undempksfemegd Bbodimanind oueblip odflicetaptineffeapinhadirdetiok @srmedl toveHendi@anaryd -
The PDC drill/m Il bit of Figure Il is shown in an exenplary manner as a

full holierdce0komite Wil RS HRAFISTERRY by RAVRY.EH didkhRE of Aacdt ighbr m | | concept
described herein using mlling caps ovér PDC cutters is equally applicable

to any downhol e ér&oddiﬁiérpyﬁisa%g cﬁ% tv%regn hﬁﬁreﬁll)éqg?lo?tun%%n g{n’bL(ie/IHattlell[ial% cept
coul d be used in Connectt on W th downhol e fools conpr st ng: -center hits,
casi ng, shoe bits, PDC reapers, P hol e openers, .expandabl e reaners, A PDC
set StbiiM 288 AIBRRTKE FMORAIInG FEctpa Atk INHAH RACGBIHATBHISLS (uekel or
generally, the drill/mll concept is applicable to downhol e tools expected
t o endidpeudr oicoryeothey appispaete mgtelrorahlpy b aSemgmilbing easiaHensaas beftetnseformed
conponent” as previously described.

with a metal, as opposed to a tungsten carbide, cap. Such a cap could have the shape and

configuration as shown in Figure 8.
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It wll further be understood that the mlling cap may need to be oriented
on the PDC cutter (for exanple, with respect to installation in the cutter
pocket of downhole tool) in such a way as to keep the PDC mill/drill bit
(i.e., the downhole tool) from going over gage or over drift diameter (that
is the dianeter of the inside of the casing that can be "drifted,"” or the
nost constricted dianmeter of the inside of the casing).
Enbodi nents of the invention have been described and illustrated above. The
invention is not limted to the disclosed embodi ments. WHAT IS CLAIMED | S:
1. Apparatus, COARhla$eRftive embodiment, a cap 180 made of the metal/metal alloy material
may additionally be set with a tungsten carbide or CBN outer tip 182. This implementation is
illustrated in Figures 9 and 10, wherein Figure 9 shows an end view and Figure 10 shows a side
view of the implementation. Such a tungsten carbide or CBN outer tip 182 may be brazed to the
metal base cap 180 in the tip portion, or mounted thereto with a fastener (such as a screw secured
through use of a tapped hole on the face of the metal base cap). Alternatively, the tungsten
carbide or CBN outer tip 182 may be hot pressed, high pressure pressed, LS bonded or otherwise
adhered to the base cap 180 material in the tip portion. In the embodiments where the outer tip is
brazed or LS bonded to the metal base cap a high temperature braze material with a melting
point above the melting point of the braze material to be used to mount the PDC cutters in the bit
is recommended.
The cap configuration of Figures 9 and 10 may have the same forward and radial
offsets as discussed above with respect to Figure 8.
Reference is now made to Figures 11 and 12. In yet another embodiment the
front face of the cap is offset from the diamond table face (for example, by a distance of .030”)
but the outermost tip of the cap is either radially aligned with the PDC tip or is offset rearwardly
from the PDC tip (i.e., it falls some distance behind the cutting tip of the corresponding PDC
cutter as indicated at reference 190). In either of these instances, the difference in the location of
the outer tip of the cap from the front face of the tip is accomplished through the use of an
intervening bevel, ramp, arc, or step. In all instances the outer tip of the cap is in relatively close
proximity to the cutting tip of the corresponding PDC cutter than in any of the non-bonded

standalone or augmented substrate cutting structures of the prior art. This is advantageous in that

when a bit is retrofitted with the caps the underlying force balance attributes of the bit are
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a cap structure configured for installation on a PDC cutter including a

di anond table | ayer and an underlying substrate |ayer, the cap structure

i nduding a first portion shaped to overlay w thout being attached to a
front face of the dianond table |ayer and a second portion extending
perpendicularly fromthe first portion and shaped to overlay and be
attached to an outer peripheral surface of the underlying substrate | ayer.
2. The apparatus of claim1 further conprising the PDC cutter and a
material for attaching the second portion of the cap structure to the outer

per i phghahal BUsF@ER!. Obutihe nRMAgCHM 48l out the bit will benef8: froth@h@BRGHBAMS fRke
claim2 wherein the material for attaching is a brazing material and that

o LRI | kSRRl Ry e B LS LA By ey

e layer to provide an

and HG' FRORE PRABS roY He Caranoniy 1aire el o B euldhing TREOHT St ©

portion of the cap structure to the front face of the dianond table |ayer.
4. ThéRpparidtkpsbesier epyiiones tarsbpaiayayHactintistacey thee mloyy MmeeH isHgages makidzi ng
mat eri al and wherein the second portion of the cap structure includes at

| east fonmowpdnéing rhavhirfihgwi ng brazing material for attachi ng between the
second portion of the cap structure and the outer peripheral surface. 5.The

appar atus of cl ah mdmovh@iRidimédie ©apcgisr UCd uhey hies deployedt of ageeandgwber ei n
the front face of the cap structure is parallel to a rear face of the first

por ti QRcMBkARQU&Tdnk 88 tHc&il bR fPAthah &hE abBYLEF the bit to mill back through milling
debris, whipstock attachment equipment, or pull back through a casing window or drilled casing-
associated equipment.

It will be recognized that existing bits or bit designs can be readily retrofitted to
accept the caps 110. The caps are robust enough to accomplish the milling tasks asked of them
while being structurally predisposed to accelerated disintegration and shedding when milling is
completed and the bit moved forward for drilling the formation. Bits retrofitted with the caps
can be used to drill out steel bodied casing shoe bits or casing shoe bits constructed from other
materials extending the casing shoe bit choices of casing drilling operations. Bits of the current
invention can also be used in one trip mill drill systems where the bit is attached at the top of a
whipstock for running in the hole.

The PDC drill bit including caps as described herein can be advantageously used
in combined milling and formation drilling operations. In accordance therewith, a PDC cutter
drill bit having a plurality a PDC cutters with certain ones of the cutters including a milling cap
attached to the PDC cutter is provided for attachment to a drill string or other drilling equipment.
The milling cap is configured for milling operations on a casing-associated component located in

the hole but is not optimal for earth formation drilling operations. The drill bit is rotated and the
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6The apparatus of claim 1l wherein the cap structure has a front face and
wherein the front face of the cap structure is not parallel to a rear face
of the first portion which overlies the dianond table | ayer.

7. The apparatus of claim6 wherein the not parallel front face of the cap
structure provides for a different back rake angle than is provided by the
front face of the dianond table |ayer. 8. The apparatus of
claim6 wherein the not parallel front face of the cap structure provides
for a different side rake angle than is provided by the front face of the

di amongi(itabte LANRE -drill bit used to perfBrm INQoARPRSIALHIIRS opéraiidA onWAET@biAgt he
cap structure further includes a cooling and cleaning structural feature. |

0. The ,2RRAAL Hinfhe adiMihg Wil A1 rifiPPLInEhG AL nfifre S¥ilELasADd VRERE N

component to drill an underlying earth formation. Importantly, the same drill bit is being used,
and thus there is no need to pull a milling bit from the hole before resuming formation drilling.
The drilling of the earth formation causes the milling caps on the drill bit to be destroyed and
thus reveal the diamond table surface of the PDC cutter which are then used in engaging the
carth formation.

Referring now to Figure 13, there is shown an example of a PDC drill/mill bit.
This drill/mill bit includes a bit body which includes a plurality of cutter pockets (for example,
positioned on radially extending blades). Each cutter pocket can support installation of a PDC
cutter of the type described herein which may include a protective milling cap and thus permit
the drill/mill bit to function initially as a milling tool (using the cap structures) and then as a
drilling tool (using the underlying PDC diamond table after the cap has broken or worn away).
The PDC drill/mill bit of Figure 11 is shown in an exemplary manner as a full hole tool. It will
be understood, however, that the drill/mill concept described herein using milling caps over PDC
cutters is equally applicable to any downhole tool using PDC cutters. For example, the drill/mill
concept could be used in connection with downhole tools comprising: bi-center bits, casing shoe
bits, PDC reamers, PDC hole openers, expandable reamers, PDC set stabilizers, PDC set guide
shoes and reaming guide shoes. More generally, the drill/mill concept is applicable to downhole
tools expected to engage or come in contact with any “casing” or “casing-associated component”
as previously described.

It will further be understood that the milling cap may need to be oriented on the

PDC cutter (for example, with respect to installation in the cutter pocket of downhole tool) in
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the cap structure further includes a structural feature which accel erates
di sintegration and shedding of at |east the not attached first portion of
the cap structure fromthe PDC cutter. Il.The apparatus of claim1 further
conprising the PDC cutter and wherein the first portion of the cap
structure covers nore than about 50% of the front face of the dianond table

| ayer. 12. The apparatus of claiml further conprising the PDC
cutter and wherein the first portion of the cap structure covers |ess than
about 50% of the front face of the dianond table |ayer. 13.

The appaf atHs Aftodeah Molpphangidil Be ir sle RRFIHORNRS) fdif oAl Sl yetdbe has

a shape selected fromthe group consisting of a rectangul ar shape, a

t i .o S iptical s ‘
DRy RO A S0 0 S S gy s

The appar at Ufr.cg%‘d(%lagletrenrloft er e&enofttﬂeecgsﬁ%)‘structure is made of a tungsten

car bi deOSHEYY ¢ st

Embodiments of the invention have been described and illustrated above. The

invention is not limited to the disclosed embodiments.
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15. The apparatus of claim| wherein the cap structure is made of a
netal /nmetal alloy material. 16. The apparatus of claim15
wherein the cap structure further includes a tungsten carbide outer tip
mounted to the nmetal/nmetal alloy cap material. CBN outer tip nmounted to the
nmetal /metal alloy cap material. 18. The apparatus of claim1
wherein the cap structure further includes an outer tip nmade of a nateri al
different fromthe material fromwhich a majority of the cap structure is
f or med. 19. The apparatus of claim 18 wherein the outer tip of
t he divwfarertcnaigeEDals-is offset rearwardly froma front face of the first
portion of the cap structure. 20. The apparatus of claim19
wherein the offset pl h er tip of the different nmaterial behind a
d Aﬂ&ﬁwﬁ&gﬁﬁgﬁﬁé' overlies the dianond table |ayer.

rear face of the first 'porti

a cap structure configured for installation on a PDC cutter including a diamond
table layer and an underlying substrate layer, the cap structure including a first portion shaped to
overlay without being attached to a front face of the diamond table layer and a second portion
extending perpendicularly from the first portion and shaped to overlay and be attached to an

outer peripheral surface of the underlying substrate layer.

2. The apparatus of claim 1 further comprising the PDC cutter and a material
for attaching the second portion of the cap structure to the outer peripheral surface of the PDC

cutter.

3. The apparatus of claim 2 wherein the material for attaching is a brazing
material and that brazing material is also present between the first portion of the cap structure
and the front face of the diamond table layer to provide an intervening cushioning layer between
the first portion of the cap structure and the front face of the diamond table layer without

attaching the first portion of the cap structure to the front face of the diamond table layer.

4. The apparatus of claim 2 wherein the material for attaching is a brazing
material and wherein the second portion of the cap structure includes at least one opening for
flowing brazing material for attaching between the second portion of the cap structure and the

outer peripheral surface.
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The apparatus of claim 18 wherein the outer tip of the different materi al
is aligned in sane plane with a front face of the first portion of the cap
structure. A nmethod, conprising: providing a PDC cutter dril
bit having a plurality a PDC cutters with certain ones of the cutters
including a mlling cap attached to the PDC cutter, but not a dianond table
surface of the PDC cutter, wherein the mlling cap is configured for
mlling operations but is not optimal for earth formation drilling
operations; using the mlling cap on the drill bit to performa down hole
m | 1ing operatian; anthe apparatus of claim 1 wherein the cap structure has a front face and
wherein the front face of the cap structure is parallel to a rear face of the first portion which

overlies the diamond table layer.

6 The apparatus of claim 1 wherein the cap structure has a front face and
wherein the front face of the cap structure is not parallel to a rear face of the first portion which

overlies the diamond table layer.

7. The apparatus of claim 6 wherein the not parallel front face of the cap
structure provides for a different back rake angle than is provided by the front face of the

diamond table layer.

8. The apparatus of claim 6 wherein the not parallel front face of the cap
structure provides for a different side rake angle than is provided by the front face of the

diamond table layer.

9. The apparatus of claim 1 wherein the cap structure further includes a

cooling and cleaning structural feature.

10.  The apparatus of claim 1 further comprising the PDC cutter and wherein
the cap structure further includes a structural feature which accelerates disintegration and

shedding of at least the not attached first portion of the cap structure from the PDC cutter.
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continuing to drill an earth formation with the sanme drill bit follow ng
conpletion of the down hole mlling operation, the drilling of the earth
formati on causing at |east the portion of the mlling cap not attached to
the di anond table surface to be destroyed so as to reveal the dianond table
surface of the PDC cutter for use in engaging the earth formation. 23.The

met hod of claim 22 further conprising formng structures in the mlling cap
whi ch accel erate destruction of the mlling cap in response to drill bit
engagenent of the earth formation. A drill bit, conprising: a bit body

including a cuttigr pagkedparatus of claim 1 furthePBSmpHShEhIPBCNGItRr dh@wmBtit abl e
| ayer and an underlying substrate |ayer, the PDC cutter being installed in
cutt erthé)ﬁf\skﬁ&;tioﬁiagthe cap structure covers more than about 50% of the front face of the diamond

table layer.

12.  The apparatus of claim 1 further comprising the PDC cutter and wherein
the first portion of the cap structure covers less than about 50% of the front face of the diamond

table layer.

13.  The apparatus of claim 1 wherein the first portion of the cap structure has
a shape selected from the group consisting of a rectangular shape, a trapazoidal shape, an oval
shape, an elliptical shape, a curved segment shape, a half-elliptical shape, and a hemispherical

shape.

14.  The apparatus of claim 1 wherein the cap structure is made of a tungsten

carbide material.

15.  The apparatus of claim 1 wherein the cap structure is made of a

metal/metal alloy material.

16.  The apparatus of claim 15 wherein the cap structure further includes a

tungsten carbide outer tip mounted to the metal/metal alloy cap material.

28



a mlling cap structure including a first portion overlying, but not
attached to, a front face of the dianond table |ayer and a second portion
connected to the first portion, the second portion being attached to an
outer peripheral surface of an underlying substrate layer. 25.The drill bit
of claim24 wherein a first brazing material having a first nelting point
is used to nmount the substrate |ayer to the cutter pocket and a second
brazing material having a second nelting point is used to nount the second
portion of the mlling cap to the substrate layer. The drill bit of claim
25 wherein the sgcondhelpphReisPei Ahinh 95! @BShN@B dapestluicfusd flck iiRduRQi Nt -

CBN outer tip mounted to the metal/metal alloy cap material.

18. The apparatus of claim 1 wherein the cap structure further includes an
outer tip made of a material different from the material from which a majority of the cap

structure is formed.

19. The apparatus of claim 18 wherein the outer tip of the different material is

offset rearwardly from a front face of the first portion of the cap structure.

20.  The apparatus of claim 19 wherein the offset places the outer tip of the

different material behind a rear face of the first portion which overlies the diamond table layer.

21. The apparatus of claim 18 wherein the outer tip of the different material is

aligned in same plane with a front face of the first portion of the cap structure.

22. A method, comprising:

providing a PDC cutter drill bit having a plurality a PDC cutters with certain ones
of the cutters including a milling cap attached to the PDC cutter, but not a diamond table surface
of the PDC cutter, wherein the milling cap is configured for milling operations but is not optimal
for earth formation drilling operations;

using the milling cap on the drill bit to perform a down hole milling operation;

and
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The drill bit of claim24 further conprising a cushioning material between

the first portion of the mlling cap and the dianond table | ayer.

The drill bit of claim27 wherein the cushioning material is a brazing
material used to nmount the second portion of the mlling cap to the
substrate | ayer. The drill bit of claim24 further
conprising a structure forned in the mlling cap which accel erates
destruction of the mlling cap. 30. The drill bit of claim?24

wherein a front face of the mlling cap structure presents a different back

rake angl e than cbhenfii @t dfipgecfih fohfatirpwRRehd Akleairli By following completion 31.
The drill bit of claim?24 wherein a front face of the mlling cap structure

F;gls g %}fgl;/egclip%t{ lflcﬂé ﬁﬂflin@ io‘ﬂ@raﬁé‘ﬁ,"th@&ﬁhﬁg tolP% éaptﬁ fglrrl%{?fonfc%ﬁﬁné) th 1%&‘? tlfé:i M&{j

of the milling cap not attached to the diamond table surface to be destroyed so as to reveal the

diamond table surface of the PDC cutter for use in engaging the earth formation.

23.  The method of claim 22 further comprising forming structures in the
milling cap which accelerate destruction of the milling cap in response to drill bit engagement of

the earth formation.

24. A drill bit, comprising:

a bit body including a cutter pocket;

a PDC cutter having a diamond table layer and an underlying substrate layer, the
PDC cutter being installed in cutter pocket; and

a milling cap structure including a first portion overlying, but not attached to, a
front face of the diamond table layer and a second portion connected to the first portion, the

second portion being attached to an outer peripheral surface of an underlying substrate layer.

25.  The drill bit of claim 24 wherein a first brazing material having a first
melting point is used to mount the substrate layer to the cutter pocket and a second brazing
material having a second melting point is used to mount the second portion of the milling cap to

the substrate layer.
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26.  The drill bit of claim 25 wherein the second melting point is less than the

first melting point.

27.  The drill bit of claim 24 further comprising a cushioning material between

the first portion of the milling cap and the diamond table layer.

28.  The drill bit of claim 27 wherein the cushioning material is a brazing

material used to mount the second portion of the milling cap to the substrate layer.

29.  The drill bit of claim 24 further comprising a structure formed in the

milling cap which accelerates destruction of the milling cap.

30.  The drill bit of claim 24 wherein a front face of the milling cap structure

presents a different back rake angle than the front face of the diamond table layer.

31. The drill bit of claim 24 wherein a front face of the milling cap structure

presents a different side rake angle than the front face of the diamond table layer.
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