Custoner No. 32914 Attorney Docket 368614-2037 PATENT APPLI CATI ON WHI PSTOCK
ATTACHVENT TO A FI XED CUTTER DRI LLING OR M LLING BIT PRIOCRI TY CLAI M Thi s
appl i cat iwo 20i0zi38877t he benefit of United States ApplicaPconstanw/oRabent No.
12/ 789,416 filed May 27, 2010, which clainms priority fromUnited States
Provi sional Patent Application No. 61/182,442 filed May 29, 2009, the

di scl osures of which are hereby incorporated by reference. TECHNI CAL FI ELD
The present invention relates generally to mlling and drilling nmethods and
t ool s, (An@MsHNe: Plti cularly to the attachnent of AHATPSt Beskst 368364#203hg or
drilling bits used in mlling and drilling operations. BACKGROUND M I I|ing
tools are known for use in renoving a section or w ndow of existing casing
froma well bore. In a known inplenentation, a whipstock-m |l conbination
tool is run into the wellbore. This conbination tool typically conprises a
mlling bit which is secured PATENOHPBEIGABEOMI pstock. The milling bit is
in sonme instances a starting mll. At a desired wellbore depth, typically
set with a packer, the whipstock (which is hanging fromthe mlling bit) is
set at a BHIPSEOCKr AERAGHMENAAD SddNERCCURTPRAYYLLTNG OR MILRENGIRITi s t hen
freed fromthe whi pstock and 1 DALLAS 2 1423 54v.| Custonmer No. 32914
Attorney Docket 368614-2037 rotated with applied pressure. The concave face
and t apioRiTY 0. Wi pstock forces the mlling bit against the inside of the
casing to cut an initial casing window (this initial mlling operation may

a! SO renove t he TS %%Bhéa@o%[acﬁgs et ﬁe%laﬁfjof J@ﬁitécp gta?Js Aﬁlﬁic%npﬁ)tr %léen{ Riot he
mlling bit). The

12/789.,416 filed May 27, 2010, which claims priority from United States Provisional Patent
Application No. 61/182,442 filed May 29, 2009, the disclosures of which are hereby

incorporated by reference.

TECHNICAL FIELD
The present invention relates generally to milling and drilling methods and tools,
and more particularly to the attachment of whipstocks to milling or drilling bits used in milling

and drilling operations.

BACKGROUND

Milling tools arec known for use in removing a section or window of existing
casing from a well bore. In a known implementation, a whipstock-mill combination tool is run
into the wellbore. This combination tool typically comprises a milling bit which is secured to a
top of the whipstock. The milling bit is in some instances a starting mill. At a desired wellbore
depth, typically set with a packer, the whipstock (which is hanging from the milling bit) is set at

a correct orientation and secured in place. The milling bit is then freed from the whipstock and
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starting mll is then renoved fromthe well bore and a window m |l bit,
attached to a nore flexible drill string, is lowered into the well bore.
This wi ndwar2nio/138857t is then rotated to m |l down from Ph@/UsSRéi0ad6e6Easi ng
wi ndow as the window m Il bit rides further down the concave face and taper
of the whipstock. This fornms a casing w ndow opening. The window m || bit
is then renoved. Additional m Il bits may be run in the wellbore to define
the size and shape of the opening in the casing. To the extent additional

f or mat Co8toHEr Nei #7§1#s desired after opening the caS{HEXPATSWO504+-28%EnI e
in connection with directional drilling operations, a drill bit would then
be run rotated witheppldd myessureardic sancavh fase gid teher dfoharwhipstael fogeanithrapillingbiengage
the formation. It will be recognized by those skilled in the art that the
oper at iagangtdire wpilé phidre aat@sionyt w matclvcassngyeindewt(ihaeingrhsulhihg gpaaitbnexmensi ve
since it requires several different tools and nmultiple trips down the

wel | borBo rbhofaithicheechbgismathion agichbd ihegtop SfrtRgwhipstclafid efc @pind ba). t ke

casing w ndow, yet another trip is needed to run the formation drilling
equi pmeRktidamkl iNten trbBoVl Fbar e WaBbR WRUL dviRgovdmiadvant@ard b MMHe
efficient mlling and drilling nmethods and tools were available for use in

connect ) Wi gD s&iﬂg, irf%%\lv&r@&l,ir% e %gﬁﬂofil&l WhRAGWIAR IniliNge Qrihdd toRe®io mill |

formations t rough that casling w ndow. n connection wth %(HOWH one trip

1L dri . ;- = . ‘ X .
m r 'o!w \X}{S]oin% fsht%gi?glklal\r'%%l%? r\;&%‘fﬁdolﬁ gset%lgw)i\ﬁ}io%ﬁlﬁfzglt Pgé;sgfrl%gﬁ ,ecfot\x%]lgtﬁ? %Ac \é_ Of N

drill for\ _ orientation, and p _ the |% net hod
i eaddt Sutet B 3Pt REkr dhidBrios shwsssPioTprEnEET Sl b FOREER Eis bi ¢,
ALt or nEy OBtk QBB b5 M1 Een b SR e e S bR BiE S0 ARSI
upper portion of the whipstock assenbly. Operation of the systeminvolves
shear i Rgeng in he wonged ocbaseient %ﬂditwnﬁﬁform@ti@p@ﬂii@&ﬁ dmired afig qyieningribe
casing window, for example in connection with directional drilling operations, a drill bit would
then be run into the wellbore and out through the formed casing window to engage the
formation.
It will be recognized by those skilled in the art that the operation for milling a
casing window is quite time consuming and expensive since it requires several different tools
and multiple trips down the wellbore. If further formation drilling is required after opening the
casing window, yet another trip is needed to run the formation drilling equipment back into the
wellbore. There would be an advantage if more efficient milling and drilling methods and tools
were available for use in connection with the milling of a casing window and the drilling of
formations through that casing window.
In connection with known one trip mill-drill systems, which utilize a whipstock
hung under the mill or mill drill for whipstock run in, orientation, and placement, the typical

method for attaching the whipstock to the mill or mill drill utilizes one or more threaded sockets

or a threaded nozzle port in the lower portion of the bit. An intervening component is then
2
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rotational force. This weight and rotational force, through the concave

face and taper of the whipstock, further urges the mll drill into the
casi ng waWwp 2019/138870 conmence wi ndow mlling. For effi cip€mas@nm3cons p
savi ngs reasons, tool designers try to design the mll drill to be capable
of both mlling out the casing w ndow and effectively drilling ahead into

and through the rock formations beyond the casing. This design goal has not
general ly been satisfactorily achieved. One reason for this is that th

di anon&UPRYEE Noot29%hC drill bit cutters which toolAGEERgHekst %ﬁ&é%ﬂo%r use
in effectlvelx renoving formation material are not as effective for use in
m | | i ngo¥ecelel the Hueadgd mkem)aﬂnd te thej uppRinesiHon hithe otthestookeassanibdy.s Opetigon as
tungsten carbide, or cubic boron nitride (CBN), are better at cutting

f er r oust et sysical mvolviekehfmihg offathie tgdted bomncatien nith ths apiflfcegéni vE watghtatd i ng
rock that is encountered for instance after the casing has been penetrated.
To addr@stordahif@cd. s TUB, weighti shdkimdaiwdnal fotdaethadight the RoMal €l €adeRDaddtpdrlofhd s

Wi th tungsten carbide, or cubic boron nitride (CBN), cutting features to

assi st whipstdckl fuRtfleraRgdsahd ANSdrilMtd ﬁietcﬁ'sﬁn%o Wil §aiid B lcEmBHenédW@inBbw nhiliiHgt | on i n
connection W th subsequent formation drilling. The performance of these

cormbi nation m I £gr ilicRlyt $hd BB sHAhg PREDNENbH] rcﬁeki%néﬁ%‘ty%%él Iﬁﬁl dpue

al so arises wt h respect ‘to connectl ng the i pstoc bit.

VoSt PRESLINLE Bt R off b1 GLfl 30Rb.£ 308 OREy e geﬁ{@z{aufn Cg j ed

W th bodles S ex icult

and ti n tte tp . retrofit trle bi t desi

©hr caadoSdu it 18, b faftiset dbkonf techirdin - ABisnmetn e e ok SERTARY 7't oo
hard for . standard machining. Alternatiyel the read t can be

[ nel udagish ar?tqrﬁxé g}lvﬁdnﬁn%@giqn H%%isgtﬁa i o W?és ?ﬁ%l?grfl( bt PH{Syrity
of the bit can be conprom sed by the inclusion of the threaded socket

(ei t hewhigdc Fiohelgsiprers girefeadar pye) in sHecdiwelyr splo8ing Boxngiony nateriphafAgon a3 423

54v. | Custonmer No. 32914 Attorney Docket 368614-2037 well for bits whose bit
bodi es cHediveaide ube ommmbingrstal cotimematdiah tlumgktem dat bilde maidrals, such as

tungsten carbide, or cubic boron nitride (CBN), are better at cutting ferrous materials, like well
casings, but are not as cffective at cutting rock that is encountered for instance after the casing
has been penetrated. To address this issue, it is known in the art to provide PDC drill bits with
tungsten carbide, or cubic boron nitride (CBN), cutting features to assist in milling operations,
while the PDC cutters of the bit function in connection with subsequent formation drilling. The
performance of these combination mill/drill bits has not been entirely satisfactory.

An issue also arises with respect to connecting the whipstock to a PDC drill bit.
Most PDC drill bits used in oilfield applications today are manufactured with bodies cast from a
tungsten carbide matrix. It is extremely difficult and time consuming to attempt to retrofit a
matrix PDC bit design with a threaded socket for whipstock attachment because the matrix
material is too hard for standard machining. Alternatively, the threaded socket can be included
in the original casting design. However, the design and integrity of the bit can be compromised

by the inclusion of the threaded socket (cither machined in, or cast in). These problems exist as
3
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i ncorporation of threaded sockets for whipstock attachment in steel bit
bodi es, for exanple, may al so conprom se opti mum design or bit body

i ntegritywORhwyBssrccordi ngly exists a need in the art f@®CTAS2@0a@HENt
mechani sm for hangi ng a whi pstock froma drag-type PDC drill bit.
Preferably, a non-invasive way of attaching a whipstock to a standard
drag-type PDC drill bit would be provided. This solution could al so be
applied to apﬁjication specific mlls or mlIl drills so as to elimnate the
necessi‘tomst Nan33%dasi ve t hreaded socket to att achitrRey RAGKSEIGEk+-2037
Reference is nmade to prior art U S. Patent Nos. 7,178,609, 5,887,655,

3, 652, 138 foncbis, 9By botlise i seddesiiorasmatfrightber thea thegsédyy cirthidlor pdhat ed
by reference in their entirety. Reference is also made to the Knight

Fi shi ngnc8grovatmesf theddeSisogiets for whipWoclpsttasbipnttih eteSnbit bodsasy {ar cesmille ankyrast er
Plus Wel |l bore Departure System the Watherford Quickcut Casing Exit

Sy st emalsardmpioeni e itierum dBidn ofditlbollip imtéPitat i ng Protectors, prior art

devi ces (incorporated by reference). SUVWARY A non-invasive assenbly for
attaching a whi psh@skact&dmgi bAibtdrd hbeddid tHeSa$ for 6@ laktdéhn¥at Ghochsnifth aed
around the shank of the niFI/driII bit. The mlIl/drill bit may conprise a

PDC dr ihhlllgibér!l \x)MHsfli):Ek IS nCORhE ST D lefiu ][BRF @réﬁrhﬁl&ﬁﬂncﬂﬁﬁ{v%ﬁ%‘ WhNGF &dgkd onal

operation. The collar serves as a platformfor an attachnent "appar at us

connect i fude MRSk e - A58 ERBILLIRGL. bAGi@ISHIRLYAOTBLAPES; Lo

upper co I asse nne nore connecting

g, f PBRGE-© AR E BAR TaPt BT oo O e PG Y AL S 1 423

54v. | Cust oprer No. 32914 AttorneK Docket 368614-2037 through the flange. The
upper dYFIdse sedsbivmittgeh e ihmgiedkon one side and incl udes a | atching

Reference is made to prior art U.S. Patent Nos. 7,178,609, 5,887,655, 3,652,138
and 5,069,297, the disclosures of which are hereby incorporated by reference in their entirety.
Reference is also made to the Knight Fishing Services, X-1 Single Trip Whipstock; the Smith
Services Trackmaster Plus Wellbore Departure System, the Weatherford Quickcut Casing Exit
System, and the Western Well Tool Non-Rotating Protectors, prior art devices (incorporated by

reference).

SUMMARY

A non-invasive assembly for attaching a whipstock to a mill/drill bit uses a collar
which is placed around the shank of the mill/drill bit. The mill/drill bit may comprise a PDC
drill bit which is configured for both milling and drilling functional operation. The collar serves
as a platform for an attachment apparatus connecting to a whipstock.

In one embodiment the assembly comprises: an upper collar assembly including a
channel (or slot); one or more connecting members secured on the channel; a lower ring

assembly incorporating a lower ring flange; and a whipstock attachment mechanism passing
4
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mechani sm on anot her side. The upper collar is constructed, when | atched
closed, to firmly grip a bit shank and its breaker slot flats. In a

pr ef er r edworzbwdissasmt t he upper collar al so i ncorpor at es PChiusSQe1alo3dsseaker
slot inserts that fill the breaker slots on both sides of the bit shank
when the upper collar is |latched cl osed. An advantage of using the breaker
slots as a clanping and locating area is that they are held to a tol erance
to mte with standard bit breakers. Another advantage is_that after the
drill Biustopst Nede?lp to the string the bit breakerA®BesDagkst 30O1EL0$T zed
again until the bit is ready to be renoved fromthe string. Yet another
advant dyeughstheHiange.hdhpiuppr edlrie pssambly is hunegd onofnet ssdegind hickydesse dadelynh
steel and can support the weight of the whipstock assenbly transmtted

t hr ougmechaisn baehethertsideo rifhe aippergotranb episstrofted, ehanrstelndd dosed Ab tthmilyggrin he
advant ages of using the breaker slot as a location for |ocating the upper
col | ar alhitwhatiead idesaketds flake i nvention is not linmted to using the
breaker slot. The upper collar can be deployed on the shank surface at any

poi nt between thg 4 pRf@fedlcRdodmgdt RRAPpANGDILNEsdhdopBRites FhtedAELERer slot
connection. Alternatively the upper coFIar can be configured to clanp on

al I, O'ins@rtf)ﬁlra]E E Qhéjf)veallgel?%lol?é' ﬁﬁijﬁgcﬁ s?deg)tof G5kt Qﬁgk @iqllgh rtﬂeo%le} yolfak MRy part

of the full cylindrical shank section above and/or bel ow the breaker sl ot

. i . I I i t L th
ohog. Ly 8905 DAoL, RASPLEE L1 L LOURAAS SIRPIRAED |
Th | i Lt tach t t.hqd, t hat | f
e R e SO SR BB o SRR S A AR
nmber ( ttached at i tial ] tif t hat coi nci ith
et T AT, T BRI ST BT BFAIER 1

bit. These channels are commonly referred to as junk slots. If the bit 5
DAL LASremaved Jroza ¢ho stiiag. orfst angsher adeantagatis dran ie b bieaker 368618 qnaplg 37 tough,

high strength steel and can support the weight of the whipstock assembly transmitted through the
attachment connecting members of the invention.

Although the advantages of using the breaker slot as a location for locating the
upper collar have been described the invention is not limited to using the breaker slot. The upper
collar can be deployed on the shank surface at any point between the top of the gage pads and the
mud scal of the API connection. Alternatively the upper collar can be configured to clamp on
all, or a portion of, the breaker slot arca and additionally clamp on part of the full cylindrical
shank section above and/or below the breaker slot area. If the bit does not have breaker slots
built into the shank then the upper collar may be clamped solely to a cylindrical portion of the
shank.

The upper collar incorporates a positive attachment method that allows for one or
more connecting members to be attached to the collar. The connecting member(s) are attached at
a circumferential location that coincides with the top of one of the channels that is formed

between the blades of the bit. These channels are commonly referred to as junk slots. If the bit
5

DALLAS 2142354v.1



gage sections at the boundary of the junk slot(s) are vertical, then the
mati ng connecting nenber is oriented vertically. If the gage sections at

t he boundsiOyowil3sgie j unk slot(s) are angl ed, then the nRCIAS2¢10/08668 | Ng
menber (s) are angled to nmatch the angle of the gage sections. In an

enbodi nent, the angle of the connecting nmenber is |locked in place to match
the angle (or vertical orientation) of the corresponding junk slot(s). The
connecting nmenber(s) have a length that extends a short di stance beyond the
face ofCusRECHNE. 323 connecting nenbers incl ude a PEENeY Veckst %@é%’éﬁp

met hod that allows themto be firmy connected to the |ower ring assenbly.
The | owege sertepsas deorgdanngl e Junklaie) algecricply then thagatingf configpting mendt e,
only one connecting nmenber is used then the |Iower ring assenbly will only
be a shoorengdovettivatly.i ¥ thugdgeseamnd gyt the bewhdaxy afrild wdk skole) gposngleds ¢hen the
attachnment neans to the connecting nmenber, and to carry the lower ring bolt
f | ange mabagecoahecting mahledrisilase bhgtd aarmbieh visednglo ofohs tgaye tsedttods. melinnan
conponents of the assenbly include steel, cast iron, alum num titanium

copper emdbiigienf AR iaﬁ%l@'o@ the tadrc@ipd mhibey & 10BRRAINRI place EOMRARAI theangleybper ,
or conbi nati ons of the above. Any of the conponents can be designed to

shear %&%&Hmﬁﬁﬁﬁﬁmﬂk%%ﬂnkﬁ?ﬁ%nd%@?mﬁﬁﬁﬁ&)cirCU”ference of the upper collar

assenbly need not be circular. In"the 1 nstance where only one or two

connecting nenbe{l‘ﬁee X\Anlnlectﬂl% IH(%g er#s?ﬁ%\}épaol%fi%[ﬁ a:t %%teﬁ%&%?%%ﬂt?ﬂ?:ﬁ%ef&%%ﬁé | c

for nounting to upper “en 0 e connec est of the
58 chi ROt D PRBSUBRER T B TS DB G RO RO REhr t -
i e
additional (but optional) md-ring nmay be depl oyed bel ow t he upper collar
but abdubringelfuloparstagegyenlyeangicoptectipgmginber isneed thensthe ilgweraig apwengdly will
only be a short arc that is sufficiently sized to include the positive attachment means to the
connecting member, and to carry the lower ring bolt flange.

Some of the materials that can be used to construct the main components of the
assembly include steel, cast iron, aluminum, titanium, copper, other applicable metals and alloys,
phenolic, composites, rubber, or combinations of the above. Any of the components can be
designed to shear apart under given loads. The outer circumference of the upper collar assembly
need not be circular. In the instance where only one or two connecting members will be used the
upper collar may have lobes specific for mounting to the upper ends of the connecting
member(s). The rest of the upper collar may be of a lesser cross section than these lobed areas.

The latching method for the upper collar can be one of many known in the art,
including: bolts, catches, pins, or cam-locks (it being understood that this is not an exhaustive
list).

To further stiffen the assembly, an additional (but optional) mid-ring may be

deployed below the upper collar but above the upper gage bevel of the bit, and this ring can be
6
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DALLAS 2 1423 54v.| Custoner No. 32914 Attorney Docket 368614-2037 used to
further interconnect the connecting nenbers. The md-ring can al so be used
to tight eso208V13887¢ connecti ng nmenber agai nst the i nner PSuAfSaei®/08d668 he | unk
slot so as to limt any tendency of the connecting nmenber to bend away from
the bit or to twist. Alternatively a tie down strap may be used to pull on
the I ower inner surface of the lower ring or connecting nenber. The tie
down strap is_drawn across the center of the bit face, run up a generally
opposi GgSOkNel ¥14nd tied or fastened into the o‘b‘ff&’é‘ﬁ@o‘éﬁeg@%g“ﬁﬂg upper
collar. The tie down strap may be made of braided copper or steel wire, or
any ot fegd tagdushar mtenchlmecttgn cenngpling merabapptapmidatieg eanoakyn beofsed enidghien 2 o
hold the |l ower ring and connecting nenber tightly in place. The connecting
menber ¢melemmayndséng hepdbdr igimpibe oxicnaitréct hethe jogkssigec by triahit sipaedaky bhe
junk slot they are deployed through. The connecting nmenbers have a |length

t hat | shesdoagettibg nexibend Hendswhh&omtthabinoewitwat.ea on t he upper collar to a
point proxinmate to or below the outer bit face. In a preferred enbodi nent,

a single attachmanbmR@idN a@R dok@ P SayCc dsed té Suldbh ARk Mndr SirfgE 6f
connecting nenber that carries an attachnment neans at the |ower end of the

connecti g AERRELr &ﬂ{ne&?&gﬂﬁ&ﬁﬁé}? TR Raddmnargliy alen QY&d dat LARh TR e Bpans

fromthe top of a i pstock. I'n this enbodi nent, the preferred shear bolt

h is.| : h ' h
o5 SRS L S SRl LR AT 0 e

upper collar. |Bs I'i ca

force in the form of. i gh or ward force, i,n the formof. pull, causes
the. SheRPeriaher TG 5 R “peabd Brge phBRHH SoPRT orit) SrrePl FhuBT ¢ o
be rel eased fromthe whi pstock, In this_enbodi nen the mll drill can then
be ret MAGEYhat ?a@wupﬂéttﬁep%np&pﬂ% PRRYPhAT EHI9 o i e YV UG aﬁlgcsper&ct%
i mediately mll up the connecting nmenber prior to conmencing the rest of
t he mi MapRgr tighily inRbxcat i on of the bit may then conmence to effectuate
mlling operations. Initial

The connecting member(s) may be shaped to approximate the cross-sectional

shape of the junk slot they are deployed through. The connecting members have a length that is
sized to extend from the attachment arca on the upper collar to a point proximate to or below the
outer bit face.

In a preferred embodiment, a single attachment point on the upper collar is
attached to a single connecting member that carries an attachment means at the lower end of the
connecting member for attachment to an upwardly deployed attachment means from the top of a
whipstock. In this embodiment, the preferred shear bolt or other shear component is located at or
necar the attachment point on the upper collar. After setting the whipstock, the application of
downward force in the form of weight, or upward force in the form of pull, causes the shear
member to break. This allows the drill bit and/or mill drill to be released from the whipstock. In
this embodiment, the mill drill can then be retracted a few feet prior to beginning its milling run
in order to immediately mill up the connecting member prior to commencing the rest of the

milling task. Rotation of the bit may then commence to effectuate milling operations. Initial
7
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7 DALLAS 2 1423 54v.| Customer No. 32914 Attorney Docket 368614-2037 mlling
operations will destroy the connecting nenber and any remai ning part of the
shear coryonrerw13887m one speci al i zed enbodi ment of the appaNsus/036668
additional |obe is provided on the upper collar that can be used to depl oy
sensors capabl e of conmmunicating information to the | ower housing of a nud
not or, or capable of recordi ng downhole information. In another specialized
enbodi nent of the apparatus, an additional |obe is provided to operate an

i nt er n&vstoRICANENT A4 mechani smto unl atch the uppeﬂ“@ﬁﬂﬂbpo%wbﬁﬁﬁi@ﬁpﬁb
menber after the whi pstock has been set. An option in this enbodinent is to
r enot elyillimgt epgeations mell (dabtegyc thiereynpecting rinembear Fand Laghi teheinipgepat of thd gival sent
fromsurface via wired drill pipe or a conbination of wired bottom hol e
assenbleympomponent s and nud pul se signaling. In this enbodinment, the mill
drill can then be retracted a few feet prior to beginning its mlling run
in order to i mrethaleadpycintidell etpodinencoiihe appangud@niklitional obe tspreddeEsnci ng
the rest of the mlling task. The assenbly is advantageously used in

connectiOippdt EdlaP BAPEMD ANt PEPREKschdodtapablE of borRbinicdthat infbimbdiodiotthd S
preferably a PDC drill bit which is configured to support both mlling and

dri 11 1 nav@Rglaht oNSmud Méfor. dEpMid of A lHORSWHANIL ifbiubp. M || @ wi ndow i n
an drill the

t he casi ng, thereafter functions to formation outside of the

. i ndow. Thi s | " ¢ : SOl i "
For m111ng of ¢ 1o aaBrnSSaad ARbeiniP e, B D S el 1808 12
In a preferred ig@ enen%gtion (%he cutters use e PDC dEi

|t uad O catals damse i) AftbRR S R R R S &F piear e

| Pped co of % s an, (1110 capl, e of o syl Lable mter gl el car

cap s thrLD#nTaEtS}gngE (r)ne?halzli:grcn gllflcglfg%rthg\ﬂsiecor% acsci)nglel{ iseite?ror?l sqlirf%(r:? \r/]ig vsig%edrﬁ‘lnlgpe ora
combination of wired bottom hole assembly components and mud pulse signaling. In this
embodiment, the mill drill can then be retracted a few feet prior to beginning its milling run in
order to immediately mill up the connecting member prior to commencing the rest of the milling
task.

The assembly is advantageously used in connection with hanging a whipstock
from a drill bit. That drill bit is preferably a PDC drill bit which is configured to support both
milling and drilling operations. Thus, the bit functions initially to mill a window in the casing,
and thercafter functions to drill the formation outside of the casing window. This is
accomplished by configuring the drill bit cutters for milling of the casing and subsequently for
drilling earth formations. In a preferred implementation, the cutters used on the PDC drill bit
include a cap (such as a tungsten carbide cap, a tungsten carbide or CBN tipped cap, or a similar

fitted cap) made of a suitable material that can be fitted as an integral part of the existing PDC

cutting structure. The cap is mounted to a PDC cutter which comprises a diamond face and
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under |l yi ng tungsten carbi de substrate. The cap may cover, without directly
bondi ng tWO 2at0/138813t sone portion of the dianond face ofPCThHES2RDE3@GSt er .
The cap on the PDC cutter is used to effectuate mlling of the casing

wi ndow. When the bit noves into the formation outside of the casing w ndow,
the cap is destroyed by interaction with the formation to expose the

under | yi ng PDC di am)nd tabl e. The dianond table of the PDC cutter is then
used t &UsPPBENGai@ drilling of the formation. BRI EtOESCARPET §6EE291E

DRAWNGS Figures 1 and 2 are a side view and top view, respectively, of a

non- i nvaddrlyengawesids garthide sehistratehilig cap Wiy pevacwithent alinggtly banding) topgttleasti gur e
3 show side and front views of a connecting nmenber for the assenbly; Figure
4 showsome portion of thic leanasd dadsl of theoRIDE edttdero a mi [ 1/drill bit; Figure 4A shows
the attachnent of a whipstock to the assenbly and drill bit; Figures 5 and
6 show a top vi ethaosh sh de: PDEWuuttEeSpeed ity eftystuaé ndhinal dfehd adsinpgeweidoadi ment
of the assenbly; Figures 7-9 show nodifications of the assenbly shown in

Fi gur e WhenFhg bitandds SAOWEe Sorfilaflen BiSMe QF tie EXagChitntiew; thEicay ﬁﬁ&esﬂr@;ltéjd‘lby
illustrate different shapes for the portion of a cap used on the

cutter qnt@a%neﬁltﬂﬁlem%@n It la £ Hein er‘l:}nhngBbe(ﬁgtﬁéncftﬁﬂg 13} g}ﬁﬁloﬂﬂ table

depression forned in the front ace of t'he cap; Figure 17 illustrates an

32014 A 1SR A B 635 B RS s how an end vi ew and a
side view, respectively, of an
BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1 and 2 are a side view and top view, respectively, of a non-invasive
assembly for attaching a whipstock to a mill/drill bit;
Figure 3 show side and front views of a connecting member for the assembly;
Figure 4 shows a view of the assembly mounted to a mill/drill bit;
Figure 4A shows the attachment of a whipstock to the assembly and drill bit;
Figures 5 and 6 show a top view and side view, respectively, of an alternative
embodiment of the assembly;
Figures 7-9 show modifications of the assembly shown in Figure 6;
Figure 10 shows a side view of a PDC cutter;
Figures 11-14 illustrate different shapes for the portion of a cap used on the PDC
cutter;
Figures 15 and 16 illustrate a chip breaker type groove or depression formed in
the front face of the cap;

Figure 17 illustrates an optional siderake feature for the cap;

DALLAS 2142354v.1



alternative inplenmentation for the cap; and Figures 20 and 2 1 show an end
view and a side view, respectively, of an alternative inplenentation for

t he cap. WATPAWBEY7DESCRI PTI ON OF THE DRAW NGS Ref er ence PC3/USQMT0/08@68 t 0
Figure 1 which shows a side view of a non-invasive assenbly 10 for
attaching a whipstock to a mll/drill bit. Atop view of the assenbly 10 is
provided in Figure 2. The assenbly 10 of Figures 1 and 2 conprises an upper
collar 12. The q? er collar 12 is formed of a generally circul ar sha

whi ch iGYetogesiog gnnel (or slot) 14 that is forﬂ@ﬁ”P%’%ﬁ@mbﬁgﬁé4ﬁp§ﬁlthe

under si de of the upper collar. The upper collar circular shape is fornmed
fromtwo arcuat eFighess Bxanpll8, shosiriagi anduyigy) ande abedes Ve, trspectayedy, nefngred

t oget her at one point and which are capabl e of being | atched together at an
opposi mbcpativetimpnicatathn fg thecipamidsm 18 is provided to detachably connect
the two arcuate nmenbers 16 of the upper collar 12. The hinge 20 allows for
the unl atched en#iguat 2(hand 10 sfoduah ecndeviber sndle dide bews apgreatietly,fsfomm each
ot her when the collar 12 is unlatched. The | atching nethod for the upper

CO||araﬁ&ngﬁQiﬁ@kﬁﬁﬂmﬁBnHﬁQM3&@Qmﬂ in the art, including: bolts, catches,
pins, or camlocks (wherein this is not an exhaustive list). It wll be
recogni zed that the outer circunference of the upper collar assenbly 10
need not be circular in all inplenentations. The inner surface of the

CO"arQﬁﬁ%ﬁﬁﬁﬁﬁ§§&¥F§?5&§5€§T%9D§%5fmﬁ?9 shape to the shank portion of a

bit to e Cco e Installed. Each arcuate nenber 16 may
urface of the SFEUETES ReRBLr 6. FRErb GNGr TS T Sh 52 REE BRI Dot de
Sur 1 ac8SAOGRED S BRSPS EONVEE S PRLAT e n T DRV oF e CORRY 1diile
surface of the arcuate
provided in Figure 2. The assembly 10 of Figures 1 and 2 comprises an upper collar 12. The
upper collar 12 is formed of a generally circular shape which includes a channel (or slot) 14 that
is formed in and opens from the underside of the upper collar. The upper collar circular shape is
formed from two arcuate (for example, semicircular) members 16 that are hinged together at one
point and which are capable of being latched together at an opposite point. A latching
mechanism 18 is provided to detachably connect the two arcuate members 16 of the upper collar
12. The hinge 20 allows for the unlatched ends of the two arcuate members 16 to be separated
from cach other when the collar 12 is unlatched. The latching method for the upper collar 12 can
be one of many known in the art, including: bolts, catches, pins, or cam-locks (wherein this is not
an cxhaustive list). It will be recognized that the outer circumference of the upper collar
assembly 10 need not be circular in all implementations. The inner surface of the collar 12
preferably conforms in size and shape to the shank portion of a bit to which the collar is to be
installed.

Each arcuate member 16 may include an integral breaker slot insert 22 positioned

across an inside surface of the arcuate member 16. The breaker slot insert 22 has an inside flat
10
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menber 16. Wen the two arcuate nenbers 16 are | atched together, the inside
flat surfaces 24 of the integral breaker slot inserts 22 are parallel to
each ot hewo 208/B&Cussed above, the inner surface of thecealsk@o/opices er abl y
conforms in size and shape to the shank portion of a bit to which the
collar is to be installed. The integral breaker slot inserts 22, if

i ncl uded, accordingly conformto the size and shape of the breaker slots on

the bit_ shank, Connected to the upper collar 12, and extendingg%ommmardly
t her ef (ORCMERNOaEPddbl y 10 further includes at | eadtoraReledshéolHg%knber

30. Reference is now additionally nmade to Figure 3 which shows front and

si de viseifgeedft and aormitsede qvgvadeifeec Zowhishfcopiorme frdarBRsig sedads of flad ardesde
connecting menber is secured within the channel 14 forned in the upper

col | ar nkbeAl 6.eddrd, thopposictas memie34l 6adre dadied itopcthed gble oonlndlat surfpceeiber 30
i ncludes an attachnent opening 36 (a |lower ring attachnment hole). A

posi t i e tlat inaghiibriakdreddtaniestn238ye paralclas cachcaher. | &s pisaskadiesbol e, tat irmeh t he
first end 32 of the one or nore connecting nenbers 30 within the channel 14

of the sG@dedf tHeooll fohably b MEQR RRE bhdhaB FPAE Shatlk Rk ftaain@dyiieh a
collar 12, those nenbers are preferably, but not necessarily,

ci rcuniyer &b @l M%tﬁ)@t%ﬁ&ﬁ PRGHc ool r IR o ﬁ@!:tjrt]saz"z-, ifihQHi& flccio}di E&HGiS, t hat

the connecting nmenbers 30 are connected to the upper collar I n a manner

such t?@{he%ﬁgﬁn @%ﬁlgg{!h@%re%n%%?lrtsn!éﬁh‘érbit%ﬂé&q perpendicul ar to the upper

collar. I'n"an a Ive e he connecti ng nenbers 30 are
connected to the upper ,collar 12 in.a nner such that the orientation of
each connecting HERBEIRAS HEcurREr selitli aral SEerdie dipupardly) thareiros, dhe
Figure 4 and discussion herein. Figure 4 shows the assenbly 10 as. nount ed
to a maﬁaemaﬂ/d%ﬁl‘%ﬁli unplus?%ati@.st MeFGRReCHng BEIbes é%u Retetheins Wtﬁ@it‘r?ﬁa t he

assenbly 10 to a drag-tgpe PDC drill bit as an exanple onl¥. 11 DALLAS 2
1423 5aadp tuEiesreet wiish sBogs from andselsy i kiet cawegmg-mamger 30. A first end 32

of each included connecting member is secured within the channel 14 formed in the upper collar
12. A second, opposite, end 34 of each included connecting member 30 includes an attachment
opening 36 (a lower ring attachment hole). A positive attachment mechanism 38, such as a cam,
is provided to attach the first end 32 of the one or more connecting members 30 within the
channel 14 of the collar 12. When multiple connecting members 30 are attached to a collar 12,
those members are preferably, but not necessarily, circumferentially spaced about the upper
collar.

Figure 1 illustrates that the connecting members 30 are connected to the upper
collar 12 in a manner such that each connecting member is oriented perpendicular to the upper
collar. In an alternative embodiment, the connecting members 30 are connected to the upper
collar 12 in a manner such that the orientation of each connecting member is not perpendicular to
the upper collar. See, Figure 4 and discussion herein.

Figure 4 shows the assembly 10 as mounted to a mill and/or drill bit 40. Figure 4

specifically shows mounting of the assembly 10 to a drag-type PDC drill bit as an example only.
11
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The ml1/drill bit 40 may conprise a PDC drill bit which is configured for
both mlling and drilling functional operation as discussed herein. It wll
be under swoadiw138877t he assenbly coul d be configured i n $CTASaNG/03¢sape f or
nounting to any desired type of bit. Figure 4 further shows additional
conponents of the assenbly 10 which are not shown in Figures 1-3. The

addi tional conponents of the assenbly 10 include a lower ring 50 which is
nount ed, through the Iower ring attachment holes 36 (see, Figure 3) to the
second (@8@MaNgF3294¢h i ncl uded connecting nmember . ﬁﬁﬂ?@%ﬂh@*fg$ﬁ@1%@037
assenbhy i ncorporates a | ower ring bolt flange 52. A mhigstock at t achnment
bol t 54hp gniffdsili biedOvinahcoreripect PPE diile bitovkieh iy eqpfissred for datlemilingyande 4A
shows the attachnent of a whipstock to the assenbly 10 using the flange 52
and boldtillsy. fugtoanll epefation tak discwnséd bereiat ilowilbbe tihdersidn dothhiothk assembhotould
illustrated, it being recognized that generally speaking any whi pstock

coul d Ibe catfigneddad sizo ahdchaps senmiduntid@toamgt desieedapid ofdir at i ons of whi pst ocks
are well known to those skilled in the art. To install the assenbly 10 on a

mll/drill bit 4igutdie il bhol RRItOAS HRRVAAOLE Bfe hZnitty ODENEEh #BGhot he

two arcuate nenbers 16 are spread using the hinge 20. The upper collar 12

is t he@hcﬂﬂ? b F@ﬁﬁg laé’.O‘FHéj a&cﬁﬁorﬁa{f‘@ rpé}%n@fofttﬂ@agﬁzﬂlbllydlrd %Elu@é b 161\961‘,91‘?1% idhe

latch 18 is clO0sed. The Integra eaker slot I1nserts are positioned,

when the.gol | ar i . i I I { ch
are i niion B, Rulef BB f HBE HchhRybhdils I GedTRRTT) & Sectda thY
constructed to fir rip the sha 42 and hreaker slot 44 flats. The
br eaker 14 5t gL oo Fes e pridnipp dbe (517 A 39 B EIRRG 4GP R BRI ¢ he
manner 0 clapp to secure the paosition of the upper collar and . preclude
t he co|bP£\ﬂaa¥lgf‘oﬁ%-r ét‘éi?lpﬁ@éi‘aﬁ&‘jt’mf’?‘?é’oéth%‘n’lﬁ Pj .lé"ﬁh‘@“]& ISPt 1 hedewsh dhh Bl
serves as a:ﬁlatforn1for attaching the assenbly 10 to the bit 40 and
suppor flanpge- t Hieukaddgsheaysche attaghmgat akwhipgack toehppisembly Mapsingghe flangeas2
54v. | Cust oner No. 32914 Attorney Docket 368614-2037

and bolt 54. Details for the configuration of the whipstock are not illustrated, it being recognized

that generally speaking any whipstock could be attached to the assembly 10 and the
configurations of whipstocks are well known to those skilled in the art.

To install the assembly 10 on a mill/drill bit 40, the latch 18 on the upper collar 12
is opened and the two arcuate members 16 are spread using the hinge 20. The upper collar 12 is
then positioned around the shank 42 of the mill/drill bit 40 and the latch 18 is closed. The
integral breaker slot inserts 22 are positioned, when the collar 12 is latched closed, to fill the
breaker slots 44 which are included on both sides of the shank 42. The upper collar 12 is
constructed to firmly grip the shank 42 and breaker slot 44 flats. The breaker slot inserts 22 of
the upper collar 12 accordingly function in the manner of a clamp to secure the position of the
upper collar and preclude the collar from rotating about the shank 42. The collar 12 accordingly
serves as a platform for attaching the assembly 10 to the bit 40 and supporting the hanging of a

whipstock from the bit.

12
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An advantage of using the breaker slots 44 as a clanping and | ocating area
is that they are held to a tolerance to nmate with standard bit breakers.
Anot her awoantoagss7’s that after the drill bit 40 i s nad@CuSe@ob@sest ri ng
the bit breaker slots 44 are not utilized again until the bit is ready to
be renoved fromthe string. Yet another advantage is that the bit breaker
area i s made of tough, high strength steel and can support the wei ght of

t he whi pstock_assenbly transmtted through the attachment connectinﬁ
menber $U80M5F Nene?%3dsenbl y 10. Al though there are 2gant Badst $6866E2AY t he

breaker slot 44 as a location aid for fixing the rotational orientation of
t he upper col | ar Anadvartgeeof apiag fict wpakar ploedtas agkinng dral loeasimR@rcags drat The
upper collar 12 can be depl oyed on the shank 42 surface at any point

bet weerthdyhee hdp tof tolhengagenpadathasichdahiebinbigalseal AobththalvaRhge srihgaificon.
Alternatively the upper collar 12 can be configured to clanp on all, or a
por t i omheodrill bingo by madeeup ®lthd sthdg deet Bbskeasdistd4anahdtyutitizehmpatmumpirtc ©t t he
full cylindrical shank 42 section above and/or bel ow the breaker slot area.

I'f the iDichdyd@as r&iQbvdaan eBkR! Yok Ahcthd4dPibkdgt id Mhiahé bl bhRHard3s agh the
upper collar 12 may be clanped solely to a cylindrical portion of the

shank. C i I : dl. 5t ance
beyondOfﬁgﬁPé@gHE%&%ﬁg?%gm@?f?§%g?%§;§%%?§g¥?%ggigﬁﬁg%ﬁﬁﬁgmﬁgﬁggﬁ&ggb engt h

Y be ANt 0 RIS RSS9 uitya0. e upger collar 12 v o

. t A
poi nt pro 0 or € ou The positive attachnent

provi ded for eac onnectin nmbers 30 in th %gan el 14 firnly attaches
Phe. connecti ng. naHBRIER Gor ge ADBBPECo WiTtee DRBEoTE: 45yt IO AL P8
further, proyided, through the |Iower ring attachment hqgle 36, between each
connec ™ e FrSdnAneNPFE o Ghile YPPHLHE b diin PiF alteahvesde siaB Aokt | ng
menber 30 is attached at a circunferential |ocation on the collar 12 that
coi nci g, Thpepper kellas d2|can bp derlevadraythe shank e 2suifaecyd pry point petivigen He teop of
one of 13

of the gage pads and the mud seal of the API connection. Alternatively the upper collar 12 can

be configured to clamp on all, or a portion of, the breaker slot 44 arca and additionally clamp on
part of the full cylindrical shank 42 section above and/or below the breaker slot arca. If the bit
does not have breaker slots 44 built into the shank 42 then the upper collar 12 may be clamped
solely to a cylindrical portion of the shank.

Each connecting member 30 has a length that extends a short distance beyond the
face 46 of the bit. For example, the connecting member 30 length may be sized to extend from
the attachment area on the upper collar 12 to a point proximate to or below the outer bit face 46.
The positive attachment provided for each connecting members 30 in the channel 14 firmly
attaches the connecting member to the upper collar 12. A positive attachment is further
provided, through the lower ring attachment hole 36, between each connecting member and the
lower ring 50 assembly.

Each included connecting member 30 is attached at a circumferential location on

the collar 12 that coincides, when the collar is secured to the bit shank 42, with the top of one of
13
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DALLAS 2 1423 54v.| Custoner No. 32914 Attorney Docket 368614-2037 the
channel s 48 fornmed between the bl ades 43 of the bit. These channels 48 are
comonl y wef2erwB88770 as junk slots. If the bit gage 45 PETISI19/03¢668 he
boundary of the junk slot(s) 48 are vertical, then the mating connecting
menber 30 is oriented vertically (as shown in Figure 3). If the gage 45
sections at the boundary of the junk slot(s) 48 are angled, then the mating
connecti ng nenber%§) 30 are angled to match the angle of _the gage sections
(as sh&WAoMET Bpgiddd44) . In an enbodi ment, the angl m@ﬁﬂég@ﬁfbgﬁ%é%ﬁpﬁb
menber 30 is |ocked in place to match the angle (or vertical orientation)
of it s theoeheasgpddifagngdupitwedrothe4gadeTd cohaddt | Repsershtnaels36 araycopenasiiaped
to approxi mate the cross-sectional shape of the junk slot 48 in which the
menber réfsrrédtobs jdelpklowedf tHobif gagddy setiphisf @rth¢ heuralsyentbthy jur, slet(s) dddire i onal
(but optional) md-ring 60 may be depl oyed bel ow t he upper collar 12 but
above twheicuppen tigagetinkscopasteing dicnitee 30id oricand eativalle (dss@owh dn Figutd®r If

i nt erconnect the connecting nmenbers 30. The md-ring 60 can al so be used to

ti ght emhgagt 19k&t6RNCRE bRAJAR P ale jBtk AGR) A8 tard 4@ 1ddMMEH ﬂﬁuﬁa&ﬁ\%%@ﬁecﬁﬁg«e j unk
slot 48 to limt any tendency of the connecting nmenber to ben away from

the bi tmdelllrﬁ)eﬂg) §(Palre%§lted td Rt s ﬁﬂﬂgop@le!gﬁg@&%m;&i @9 Lyovﬁpfﬂrﬁgﬁr@ql).t & gach
nber 30 and

i ncl uded connecting e r Is positlToned at a conveni eént [ocation

bet wee Qm%?%ln}e\ﬁne él?e? ﬁl%gee%be%c %01%1%0 drPrgI;I‘}b‘%]; O;[jlg fo k2R %158 l%%egl%rrg%gﬁ? ﬁlresa'nﬁ?f-:g%}

| ocati on pl acemen riven I ons

between the bi.t shapk_.42 and the. bi.t bo 7...Jhe | ower ring 50 assenbly,

i t houdfrier SevSieRROF R eRhrananggval S (487 B SonsgiTromeRdvoss A P 1 o
configuration. If, for instance, ly o connecting nmenber 30 is used then
the | o peiiF%@%%l@g@é%?%ﬁsﬁ%@%ﬁ%%gp e SHhr0t 48 &1 PR (S MEHPF] TR | y
sized to include the positive attachnent to the connecting nenber and carry
t he | odeployddag bolt flange 52. See, for 14

To further stiffen the assembly 10, an additional (but optional) mid-ring 60 may
be deployed below the upper collar 12 but above the upper gage 45 bevel of the bit, and can be
used to further interconnect the connecting members 30. The mid-ring 60 can also be used to
tighten a single connecting member 30 against the inner surface of the junk slot 48 to limit any
tendency of the connecting member to bend away from the bit 40 or to twist. The mid-ring 60 is
accordingly connected to each included connecting member 30 and is positioned at a convenient
location between the two opposed ends 32 and 34 of the connecting members. That location for
mid ring 60 placement may be driven by the relationship between the bit shank 42 and the bit
body 47.

The lower ring 50 assembly, although illustrated in Figure 4 as a full ring, need
not have a full ring configuration. If, for instance, only one connecting member 30 is used then
the lower ring 50 assembly need only be a short arc that is sufficiently sized to include the

positive attachment to the connecting member and carry the lower ring bolt flange 52. See, for

14
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DALLAS 2 1423 54v.| Custoner No. 32914 Attorney Docket 368614-2037 exanpl e,
Figure 6. The use of a lower ring nmay not be required at all, in which case
t he fl angeo2R10/s88at ached to the | ower end of the conne@Ciragg2omemdess 30.
Some of the materials that can be used to construct the main conponents of
t he assenbly 10 include steel, cast iron, alum num titanium copper, other
applicable netals and all oys, phenolic, conposites, rubber, or conbinations
of the above._ Any of the conponents can be designed to shear apart under

gi ven (3s@aer Ref 2%dfhce is now made to Figure 5 whi%teraniolieckst 3659141289 of an
alternative enbodi nent of the assenbly 10. In the instance where only one
or two csamplediipwg ondwives of BDWer Fihg bry neklr reheiradms ell, isothidy cagothedlanghi2d ude a
correspondi ng | obe 70 specific for nmounting to the upper end of the
connects atgcinelth dre. loWheended theafontdveing pperbecd).| ar nmay be of a | esser cross
section than in any included | obed area. Reference is now nade to Figure 6
whi ch shows a si 8emyio€wethattlidls @ms eabby usddawrongirubt g meaid cofshichisastahd y, in
the context of a single connecting nmenber 30 inplenentation, a tie down

strap agchmly b iMseR &1 CRMRSE AnehineantitaRfinl, QOBper! biker APlicMHlc GARNEGAd NI
menber 30) and the upper collar 12 at a position opposite the connecting

menber ) JRe phdn81id YOMpbYicdBruBbt §rAR mbnatiBAL of i %cﬂ)lé’.n A AR E&ﬁpogﬁgt% €n Of

t
the bit gace, runs up a genera1§y opposing junk slot and is tie

fasten%gd%ﬁgﬁgggﬁggf%%hggaﬁg v&g@Qﬂ? upper collar 12. In this

configura unctrons to pull on the | ower inner surface of

the lower ring 5 and/ or the inner_.surface. of the connecti nber. 30 at
Lhe Setend ong aashRRRLS ndW St 6 miRu S5 Gied waNS aoRP oSk iR, o
steel wire, or any othe terial that can supply the appropriate anpunt of
t ensi oﬁmpeﬂlm?mofﬂﬁ% aﬁsemélry g t%?)lnétﬁ’éFec%‘Pﬁﬁ%E‘%iV PG RefeFonaectinggrimery +

| ace. 15
P will be used the upper collar 12 may include a corresponding lobe 70 specific for mounting to

the upper end of the connecting member. The rest of the upper collar may be of a lesser cross
section than in any included lobed area.

Reference is now made to Figure 6 which shows a side view of the assembly
shown in Figure 5. Additionally, in the context of a single connecting member 30
implementation, a tiec down strap 72 may be used to connect between the lower ring 50 (or
connecting member 30) and the upper collar 12 at a position opposite the connecting member.
The tic down forms a strap 72 that is drawn across the center of the bit face, runs up a genecrally
opposing junk slot and is tied or fastened to the opposite side of the upper collar 12. In this
configuration, the tie down functions to pull on the lower inner surface of the lower ring 50
(and/or the inner surface of the connecting member 30 at the second end 34). The tic down strap
72 may be made of braided copper or steel wire, or any other material that can supply the
appropriate amount of tension to hold the lower ring 50 and connecting member 30 tightly in

place.

15
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DALLAS 2 1423 54v.| Custoner No. 32914 Attorney Docket 368614-2037 In a
preferred enbodi nent of the assenbly 10, |ike that shown in Figures 5 and
6, the siwgl2eloiessrect i ng nenber 30 extends downwardly f PORIUS26:10/080668
attachnent point in the channel 14 of the upper collar 12. That single
connecting nmenber 30 carries an attachnment neans at the second end of the
connecting nenber (for exanple, through the use of the |ower flange 52) for
attachnent to_an _upwardly depl oyed attachnment nmeans at the top of a

whi pst 6¢ROMEANe D 1dbodi nent, the preferred shearAHIngy ]8?"1‘6{&&6%1%@%1?
conponent is located at or near the attachnment point on the upper collar 12
(al t hough ot her Yhepicfarisd smbodisncabefi the preemblyddl bikp thatshpwn s Brepien§ anié,
position and orientation of the whipstock that is hanging fromthe bit

t hr ouglthe fieglassemstiyg nidmbeapplaxcatls dowowardwiremr d singlecatacihmért goofirarim thd

wei ght, or upward force in the formof pull, causes the shear nmenber to
break. chnsl & lo6Wse tfper dolldrl 1201 Thatnddgde cordettir imkinbtio3Meartied easaachHnicdm t he
whi pstock. Rotation of the bit may then comrence to effectuate mlling

oper at in@afs atl the Wedohd REd W BRI ShAQENE Reimbeh ot BtdnkAd, thioubh A RRRFAd BASr
performed after rel easing the whipstock will destroy the connecting nenber

30 and m@apy. 5578 MaBmBA'H aR luplyBRISAGRSy 8 ATRGRRAE mediat WRPBH o€ AlWiRfstdck MBY

remain i ntact, and could be reused in fabricating a subsequent assenbly.

e Shand ST S0 G hia P B oen BOR B RR ek SRl T MR B ity RS 00
Coi | ar il iR b Sel RS ohb s er ke s ens bt ity Mot PP
Db bt P P o SRSeb T o

a nmud notor, or capable of recordi ng downhole information. This additional
| obe 8@SSEbERRRDD catiog 9f dognwarg force in the form of weight, or upward force in the form

of pull, causes the shear member to break. This allows the drill bit and/or mill drill to be
released from the whipstock. Rotation of the bit may then commence to effectuate milling
operations. It will be understood that the initial milling operations performed after releasing the
whipstock will destroy the connecting member 30 and any remaining part of the shear
component. The upper collar 12 may remain intact, and could be reused in fabricating a
subsequent assembly.

Figure 7 shows a modification of the assembly shown in Figure 6 to include a
shank shroud 78 which extends downwardly from the upper collar 12. The shank shroud 78 is
provided to add further grip and stability to the upper collar assembly.

In one specialized embodiment of the apparatus an additional lobe 80 is provided
on the upper collar 12 that can be used to deploy sensors capable of communicating information
to the lower housing of a mud motor, or capable of recording downhole information. This

additional lobe 80 is shown in Figure 8.

16
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DALLAS 2 1423 54v.| Custoner No. 32914 Attorney Docket 368614-2037 In

anot her specialized enbodi nent of the apparatus, the |obe 70 which supports
t he connewoi2ny/13e8Ther is provided with an internal deta®hirAg20memb@Ens sm 90
operable to detatch the upper end of a connecting nenber 30 after the

whi pst ock has been set. An option in this enbodinent is to activate the

det achi ng nechani sm 90 t hrough the use of a signal sent fromthe surface
via w red drill pe or a conbination of wired bottom hol e asse
conponéitemehly Orﬁ[}é’ Ihul se signaling. In this errbodlfﬁ‘écﬁfleylpﬁ%‘eh%qglmﬁépﬂ can
then be retracted a few feet prior to beginning its mlling run in order to
i medi ately mi || Iupnothes spesipliged pmbodieiteo! the apparates, éhﬁﬁﬁbndgn@l@h@p@e@% of
the mlling task. As discussed above, the bit may conprise either a mll or
a dril Ithdaciomnecﬁhgrrr@mf@uisd)r@xédahwﬂldmmt@rgai defaching nigichangsou P opaatilo tawlddgtin
mlling and drilling function. In a preferred inplenentation of a system
for m lthd @ipet bndpls abnmRosngC mBbestMgftdribe adistvok had bsmuss ednadpdive in this
conbination with a bit, the bit may conprise a PDC drill bit |ike that

shown ichbbHigHenER t¢ a@RdtcHhe ders ﬁ%m%&}ﬁlhlsinhﬁ) Dkdugh Med WARTF adidhdl GUEREALthOT
capped PDC cutters as described below. Reference is now nade to Figure 10

whi ch a %Ju‘éﬁ dHIEYHOEr @ BRbiaHbE 6F w'hQQ Hoﬁéﬁlaﬂoll@gsslerﬁb@ &ﬂ%ﬁénté%d of a

drill b|t |ike that present in Figure 4). The PDC cutter O conprises a

di amon gnutd ls% r%l%}éﬁl:iﬁ 1%1 gsoermb%ld l?dtgé %cfl? hl‘lﬁ an ﬁ1@n %ff.qg{ac%ld%gfe@%g L%f& ch 1 0i6

whi ch may un sten car he cutter

forrredlna i b whi ch be. made n ncarbldelnama.trlx The
b} emondeRading ifs 8 4 ﬁw tﬂolﬁmr Ll MR RS P eRte el PP S hdt
or resubstrated fully_|eac s desired. The configuration of PDC cutters
and drlcPlFm’SP?m%H’&lr%%O@\]}‘FW“ s is well known to those skilled in the art
and will not be described in further detail except as is necessary to

under st and t he pfesgsaessehahane. thabit Tag cpmprigaither a molb of & deil) bitc dhpip wakdir ed

within the cutter pocket 102 by brazing, although other methods may be

used. Phenbrdyzetagratfethe dlit 408l psdarnt bobenillies thé dRDOgciunttem. 1002 preferred
implementation of a system for mill/drill operations comprising the assembly discussed above in
combination with a bit, the bit may comprise a PDC drill bit like that shown in Figures 4 and 4A,
except that the bit includes a unique set of capped PDC cutters as described below.

Reference is now made to Figure 10 which shows a side view of a PDC cutter 100

installed in a pocket 102 of a drill bit (like that present in Figure 4). The PDC cutter 100
comprises a diamond table layer 104 (or diamond face) and an underlying substrate 106 which
may be made of a tungsten carbide material. The cutter pocket 102 is formed in a bit body which
may be made of tungsten carbide in a matrix. The diamond table layer 104 may be non-leached,
shallow leached, deep leached, or resubstrated fully leached, as desired. The configuration of
PDC cutters and drill bit bodies with pockets is well known to those skilled in the art and will not
be described in further detail except as is necessary to understand the present invention.

The PDC cutter 100 is typically secured within the cutter pocket 102 by brazing,

although other methods may be used. The braze material 108 used to secure the PDC cutter 100
17
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17 DALLAS 2 1423 54v.| Custoner No. 32914 Attorney Docket 368614-2037 wthin
t he pocket 102 typically has a nelting point in a range of 1300 degrees
Fahr enheiwo0t2010138Y7degr ees Fahrenheit. The thi ckness of PChaSheianasoant eri al
illustrated in Figure 10 is shown overscale in order to make its |ocation
and presence clear. Figure 10 further shows a cap 110 which has been
installed on the PDC cutter 100. It will be understood that the cap 110
can, in a first inplenentation, be installed on the PDC cutter 100 after
the PDEURIEENONYY Iheen secured to the cutter pock@forngrDegket #SohtL03bdy .
Alternatively, in a second inplenentation, the cap 110 is installed on the
PDC cutxithin thopodket &0%typiselly hasg meleng peihl inedaragtof é EOQ:@qgr@g $ahronkeittto 185k
cutter pocket 102 of the bit body. Thus, the first inplenentation

r epr esdngrses Farenbrianithe thicknesst ofahe braze gnagfriabillvematédot Eigad 1PDEsbiovwnh bvdsi t t o
include a cap on desired ones of the included PDC cutters. Conversely, the
second stapinaredtitaiiakaits Rpatesent prestse cexsanpl e, the fabrication of a new PDC
drill bit to include a capped PDC cutter at selected |ocations. Figure 10

specifically ill gglrat®furthRe shs Pta1 1M RARhERs GREDIHRIIE®RN (the BDC Git@AP
made fromtungsten carbide material). The material for the cap 110 may

compri §60 a iyfNbd QHL%%élédstzhaﬂ RY APNIG AN iheStist &Hﬁlf&aﬁﬁ%&?ﬁc %Eatl)liegglntthe

material, for exanple, a tungsten carbide material contalining co

percen tp%e?ut%::f' fl P&' Srdtnd %0 g ange asTlpe%? %gcglrr%dgﬁ‘% tﬂ@‘Xutpe?\f)gflg?x 0968 't}{?eoqt §(Q@p e

and severa erent shapes and contl I ONs are cussed hereiln.
21t or naV VB e g TR SR B O L Ope i 0 ey ARt ar & PR ner
et o el o Sab L0 Y ADSLUE 3 Lyneelen, gaLtis, o B
choice (nonlimting exanples of materials for the cap include: steel,
titani dWst impkREntating rersesppdefol prammkea égdpinting pla meandfactyrqd) Blee Bl bihéo ppC
cutter 100 through a bonding action
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.
Figure 10 specifically illustrates the use of a tungsten carbide cap (i.c., a cap made
from tungsten carbide material). The material for the cap 110 may comprise a high toughness,
low abrasion resistant tungsten carbide material, for example, a tungsten carbide material
containing cobalt percentages in the 14-18% range. The cap 110 may have any desired shape,
and several different shapes and configurations are discussed herein. Alternatively, as will be
discussed in more detail herein, the cap 110 may alternatively be made of a metal (or metal
alloy) material. Still further, that metal/metal alloy cap 110 may include a tungsten carbide or
CBN tip. The cap 110 may alternatively be made of another suitable material of choice (non-
limiting examples of materials for the cap include: steel, titanium, nickel and molybdenum).

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
18
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bet ween the cap and the substrate 106 of the PDC cutter. Mre specifically,
a portion of the cap 18 DALLAS 2 1423 54v.| Custonmer No. 32914 Attorney
Docket 368612410208%7110 is bonded to a portion of, or a mararszep/0sdesst he
substrate 106 of the installed PDC cutter that is exposed outside of the
drill bit body (i.e., 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 materi al
108 usédsioBresNewd@lthe cap to at |east the substr a8y PagkepiaBostnzp et
typically has a nmelting point of |ess than 1250 degrees Fahrenheit (and is
t hus | ééé ist brmded toea pastion afy op &inpriorfty v dhofubiBao | e gt hie snskaled EMiteputter Hag 330
degrees Fahrenheit for the brazing material used to secure the PDC cutter

wi t hi nig érposadt ¢uesidp ol toetdyill Bihkodyhiick nesslcafl thdheuttsr peekerh®Dr i Hic dapl1d8tis at ed
in Figure 10 is shown over-scale in order to make its | ocation and presence
cl ear . aftadhtetaihk YD higtet 80, 1d Ond isnphditicnipitian ewhidg brezing tostheedbsahtt g€ hdgddted 0 t he
di anond table | ayer 104 of the PDC cutter 100. Rather, a first portion of

the caparbil} Qu&fatd, Fer Eaaiple)f AR Whzct MeteHhiamBNgcl abk&ulcaih@rcap @4 apfeadthie PDC
cutter sinply rests adjacent to that face, while a second portion of the

cap ovefnddf FURSphet &tt%P@piri]c%ll?%%y Egﬂelﬁlﬁ’g bhat o SKRSTHEARAT 85PY RORGt MR thi's

context, it is recognlzed that PDC dianond Is not wetable with standard

braze r(r%;[defsi fbs le%sg &hegiy][htgplgéﬁlﬁ%tpvc\)}r{{' ﬁr%reéehgagé(gggg eetsagéth?enfh@ﬁ %1) ;‘;38{()) %gg%co t he

cutter "be protecte he ca eing direct

face. The second rti.on of .the p 110 adjacent the.substrate 10 t he
P cut e T00T U et mamae e Rt ate A ehh e S B bR skt Ty | ey
further be attached through brazing to the bit body in an area at the back
of t he THEKCEY Otﬁt@eﬁ@?? T ilﬁlétratﬁ%m FigHreok0 i paowm gV raigals e grdse abpkc Hed

t hrough brazing to the cutter pocket (nore specifically, the base of the
cut t er lgretipeandiEpssnes Hearf ace of the PDC cutter). In some enmbodi ments

shorter substrate PDC cutters are used to increase the bond area of the cap
at the base of tRefaahlyecthe pogkéd is hat bsaned (i.c., 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
diamond table layer 104 of the PDC cutter simply rests adjacent to that face, while a second
portion of the cap over the substrate 106 is secured to that substrate by bonding. In this context,
it is recognized that PDC diamond is not wetable with standard braze material. It is important
that the diamond table face of the PDC cutter be protected by the cap without the cap being
directly bonded to the face. The second portion of the cap 110 adjacent the substrate 106 of the
PDC cutter 100, which is brazed and attached to the substrate material, may further be attached
through brazing to the bit body in an area at the back of the cutter pocket. The first portion of the
cap may also be attached through brazing to the cutter pocket (more specifically, the base of the
cutter pocket below the face of the PDC cutter). In some embodiments shorter substrate PDC
cutters arc 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.
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enbodi nents the pocket base is configured to increase the bonding area
available to the cap at the sane location. 19 DALLAS 2 1423 54v. | Cust oner
No. 32914wet0tw13es877Docket 368614- 2037 Sone braze nat eri CTABG3010M§6668
advant ageously be present between the cap 110 and the front face of the
di anond table |ayer 104 of the PDC cutter 100, but this material does not
serve to secure the cap to the dianond table layer. In a preferred

enbodi nent, the braze material used to braze the cap to the cut
subst r &U8BEANPeE M the i nner surfaces of the ca&?%ﬁ?yg?%‘eb%ﬁgéé‘éﬁpﬂo t he

di anond tabl e face and periphe of the PDC dianond | ayer. This braze

mat eri al provi de§ome briizpmatesinl U%ﬁ my ddypetegeopsly ibgiptesenidctyegn giceqap dfl 0 paghact

| oads to the dianond |ayer while the caps are in use for mlling casing or
casi ngilastouifateed tbgdiapmeditablOmyer t(Heointhé PDGgcwisel 6@,ibon this maenpl ddesdot and
the drill bit begins formation drilling, the cap (at |east over the dianond
t abl e kavejo weakshodaphs erkBarovaiytalslo 1:86r. t1a agjrtfomed habaiiasmnthe badak enatadial
function as the primary cutting structure. In this way, the drill bit can

be fir stedi®eblaiOtheap!th M8 tWck Rubda@tcCamlreans thhBReUsLhcEOsf ﬂﬁ'é'da{y ithd oM t h
the diarmond table), thus obviating the need to use and then pull a

speci alyfizedh i fk 'dﬁﬁ:ho% tatfid FA@: Eﬁb&éi‘@lll}??r o'f%@f‘b@'dﬁa‘?ﬁo’ﬁﬁtléyé? AR BHL Rt cap

110 can be pre- nDunte on 100 using a high tenperature braze

mat er | %lrov’}(P ? a tﬂln%[&s}g§mg %{ ‘%oalﬁ%nﬁ?hektp T OP 1 C;Ea%‘% f%%%s to-IEFee dﬁéﬁﬁ@?&gld ‘{VEUSI ng

cutter ‘can then b raz er
Wt h

known razrn neth d t enperatures for %razrn tters i.nto bit
oopocthe gt fis ekt wili GRTRGt SR af e R bRt b milisR el o o

wi t hout directly hondi stanti of the dianpnd. fac 4 of
the PDE aﬁlﬁ%trd 0] theArirquIﬁgrgl% Ormaft%%ék %cwfﬂ @wgreﬂﬁrg gﬂ‘;l&eect ly
bonding nore than 50% of the dianond face 104 of the PDC cutter 100.

Al t er ndtdey Bieys of Recakapway savesytocblpat the Wianwadtaldf feftnggjon as the primary cutting

structure. In this way, the drill bit can be first used for milling (with the cap) and then used for
drilling (with the diamond table), thus obviating the need to use and then pull a specialized
milling bit from the hole.

In an alternative embodiment the cap 110 can be pre-mounted on the PDC cutter
100 using a high temperature braze material 108 in an LS bonder 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
brazing methods and temperatures for brazing cutters into bits.

With respect to the shape and configuration of the cap 110, the cap may cover,
without directly bonding to, substantially all of the diamond face 104 of the PDC cutter 100.
Alternatively, the cap 110 may cover, without directly bonding to, more than 50% of the
diamond face 104 of the PDC cutter 100. Alternatively, the cap 11 may cover, without directly
bonding to, approximately 50% of the diamond face 104 of the PDC cutter 100. Alternatively,

the cap 110 may cover, without directly bonding to, less than 50% of the diamond face 104 of
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bondi ng to, approximately 50% of the di anond face 104 of the PDC cutter
100. Alternatively, the cap 110 may cover, wi thout directly bonding to,

| ess t harwBQ9s0i3887me di anond face 104 of 20 DALLAS 2 14P8TAs2010@®6®ner No.
32914 Attorney Docket 368614-2037 the PDC cutter 100. Exanples of different
shapes with different covering percentages are shown in Figures 11 and 12.
Figure 11 illustrates a rectangul ar shape for the portion of the cap 110
whi ch overlies the dianond face 104 of the PDC cutter 100. Figure 12

i |1 ust (AeeEeENer 3944 0i dal shape for the portion ofAfgiBecRpckes FaRhF2A37
overlies the dianond face 104 of the PDC cutter 100. Figures 11 and 12 are
end vi éwsPPOekitaid 00 olmaraeles ofedifergntohapds adth dffoent doaclimmpsireantiganire akgven of
the PDC cutter. Again, in Figures 11 and 12 the thickness of the braze

mat er i ab Figoresgéend ihg the PDC cutter within the cutter pocket has been
exaggerated for clarity. OQther geonetric shapes may be used to provide nore
or less or diffeFgnte coviarsages afrettheguttirastiomd fdrate pota, off the caxanplvehich
Figures 13 and 14. Figure 13 illustrates a curved segnent (eyebrow) shape

for thevaaed ilkighoddacs e Jlf@c WicChutRy €00.1 esuth e divei@eda tag@oit@rshape t he
PDC cutter 100. Figure 14 illustrates an oval or elliptical shape for the

POr U1 ORy,Ofhc LIRS HABE ﬂal%amg@*\vﬁ’i}ﬂ?rokz&‘ﬁés tReqidhnBP ete ! R CrLHd I‘ﬁ%tc{i‘@er . q

cutter 100. Figures 13 and 14 are end views | ooking towards the di anbn

face d%\t(ggliréshﬁ a|n8 qgia]ff? %jd%éwsaféiol?ing fé%\%ag?s tﬁ%a&%ﬂlﬁ $lee détgfﬁléﬁ'eijlﬁh&é ucftlrgalll LE8 o 3 and

14 the ckness of e braze ma Oor securing er wthin

embod M EDE G g pr o FRVG: naan o pi ke RE b taTaPhRuceeEhedie

back rake angle.relative to the mlling target than the back rake angl e of
the und&q GitHEY B eter Rockogos benevBesipd e dd | n F gures 15 and 16,
wherein Figure 15 shows an end view and Figure 16 shows a side view of the
i npl enent ati on. Rthohgeiretys ghapes may bhvird tg afovidsangiepr less or different coverage

of the diamond face. See, for example, Figures 13 and 14.

Figure 13 illustrates a curved segment (eyebrow) shape for the portion of the cap
110 which overlies the diamond face 104 of the PDC cutter 100. Figure 14 illustrates an oval or
clliptical shape for the portion of the cap 110 which overlies the diamond face 104 of the PDC
cutter 100. Figures 13 and 14 are end views looking towards the diamond face down the
longitudinal axis of the PDC cutter. Again, in Figures 13 and 14 the thickness of the braze
material for securing the PDC cutter within the cutter pocket has been exaggerated for clarity.

In a preferred embodiment the caps 110 have faces that are inclined to produce a
lower back rake angle relative to the milling target than the back rake angle of the underlying
PDC cutters 100. This is illustrated in Figures 15 and 16, wherein Figure 15 shows an end view
and Figure 16 shows a side view of the implementation. Although Figure 15 shows yet another
different shape for the cap, it will be recognized that the differently inclined face of the cap (with
respect to the diamond table) as shown in Figure 16 to provide a lower back rake angle is equally

applicable to any desired cap shape including those shown above in Figures 10-14. The angular
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different shape for the cap, it will be recognized that the differently
inclined face of the cap (wth respect to the dianond table) as shown in
Fi gure l1ewoecowwiess7de a | ower back rake angle is equal | yprPapalSeeialob@ecs o any
desired cap shape including those shown above in Figures 10-14. The angul ar
2 1 DALLAS 2 1423 54v.| Custoner No. 32914 Attorney Docket 368614-2037

di fference between the dianond table face and the cap front face nay range
froma few degrees to ten to twenty degrees. Flgures 15 and 16 furt
iIIustﬁ%@@nﬁhg> %onal presence of a chip breaker ﬁ%@qﬁ93%35$3@@@28§7

depr essi on forned in the front face of the cap 110 near the cutting end at
i ts outddferericp betptvien thet digmmend ebleeyee andrts eappleert drogamayerangrefiom a few degrees

m | 1i ng/ machi ni ng of casing or casingassoci ated equi pnent. In an

al t er n&t ieudo bydnpddagesss, serrations or grooves may be in the configuration
of the cap to not only inprove mlling performance but also create
predet erm ned fr Agutesd Spdndniesiuitbebluttedte el eprohflepre@pse dOa dhipi bitakgr L2 @
following the conpletion of mlling operations and the comencenent of

for mat ige dilsdvlelor ABpresMTOMRQIOY @8 Bbnt FRIT ARORS 190 nbAt@h&ARBnAERIt itTBhLY €
cooling and cleaning of the caps during mlling operations. Figure 15

furthe,shepg sﬁﬂ%&eﬁlaﬁhﬁﬁﬁov‘é%&fo&ﬁﬁ&k'@ﬁw Rllilhhgﬁla{%lﬁﬁmél& cabfhgldH &ish@se,

t he outer peri pher al ape of the cap is a hal l'1 psée mhose maj or axis is
coul d. ?‘%sg%l%ﬁ ety e%“éfhﬁievref‘%ﬁd‘ﬁéﬂt@%ﬂoﬁ? of s iy B 3 REP

prOV|ded nd| |n fro is half c Ioff hape the cut .out tion
i ng QRFRFAITy TS C@aﬂél"t;%fﬂﬁémosegﬂ 198 raSERERs Bl drrs R SFmaRdhe. of
t he cap. Al though pecifically illustrated in th for 0j ng F| res
10- 16, Tagtogg plnge o fter Y Gva e Y tt%éilel?teg%ﬁtefgéeweg e Eegetlf@oo ﬁf’
formed to include a siderake angle that is different than the siderake of
t he und@ePRYIHGNAHT mrpecemeg of formstipe drillne d Sugthgroprisci sersafiops op Hie dapont

face portion of the cap is greater on one side (for exanple, the outboard
si de) efsotilhprogapooling and cleaning of the caps during milling operations.

Figure 15 further shows another shape configuration for the cap 110. In this case,
the outer peripheral shape of the cap is a half-ellipse whose major axis is oriented towards the
cutting tip. Alternatively, this half-cllipse shape could instead comprise a hemispherical shape.
A cut out portion 122 is provided extending in from this half cutoff shape with the cut out
portion having generally the same geometric shape as the outer peripheral shape of the cap.

Although not specifically illustrated in the foregoing Figures 10-16, it will be
understood that the front face of the cap 110 may be formed 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 example, the outboard side) of the cap
than the other side (for example, the inboard side) of the cap. This optional siderake feature is
illustrated in Figure 17 with the dotted line 160.

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

improve the flow of braze material to the inner mating faces of the caps when they are being
22
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than the other side (for exanple, the inboard side) of the cap. This
optional siderake feature is illustrated in Figure 17 with the dotted |ine
160. I n awprefeerssssd enbodi nent the caps 110 i ncor por at e PAGIUS2010/03&b®t s 130
that inprove the flow of braze material to the inner mating faces of the
caps when they are being 22 DALLAS 2 1423 54v.| Custoner No. 32914 Attorney
Docket 368614-2037 installed. In a preferred enbodi nent these sane holes or
slots 130 are configured to accelerate the d|5|ntggrat|on and_sheddi n

the cap3SBMEENotHE1Hi11ing is conpleted and as t heM¢IPYy Begich3a88 14183 nt er

rock formation. This is illustrated in Figure 17 which illustrates a side
vi ew ofinstalledp I 2 Orafereesk grahragimeny thase stod beles piotlets 130 arcRiogligered 1o peeoleraties an
enl arged side view of the cap structure. The cap 110 includes two inner

sur f acds dilhcphrafioeaskthepdng ehtic capsaftct the ealiimgos ¢vampletéd and stthofaps hoge to

per pendi cul ar surfaces 132, associated wth a first portion 133 of the cap,
i S posich¢omned ralt] fageniont Mhisdis dllmadtet ab Fyufarewhich tihgtriioCa cidetvédw o0N@tcas hown
in Figure 17). A second of those perpendicular surfaces 134, associated

Wi th ai1seeaRbfhoR@ink tmoldRic 13he cap, is positioned adjacent the side of
the PDC cutter. A front surface 136 of the cap is set at an acute angle

Wi th respect to pg.d | Shois PENAHIGYLRLidS WilRGf tﬁé”ﬁaﬂ Rir@eer Tﬁ% ?eﬁPYl(Sje for

t he desired back rake change in conparlson to i‘anmond tab e tace

si de Sll'r{cfhﬁfégnt%’ !:r Eﬂ?a ?Qvﬂu%si% %ge QA t@n&c V{he oS Iesgcéf frdsd

second perpe ar surtace ination G ront and

Y S%Z%%&%i iul%%%rﬁmsﬁ B %ﬁh&ﬁﬁrﬁ%&é‘éﬂi e %%g?sos?osﬁf?ﬁ cia%ﬂ%%ﬁ :
t. | t at the f t d d f 136
rr”ggt att etﬁ@mpil tgﬁgnfa% %ﬁéhecBB%ﬁ%?e?mn?Q?@Y'q &%ﬁurgﬁeihme% fgﬁwée 17,

an additional surface 142, which is generally parallel to the second
per pendrpandisulaisurfices 134 aspesiied petht heceongd| Raation daY cArhe sPRicisshasTiped 136

and 138 at the tip portion of the cap. The
adjacent the side of the PDC cutter. A front surface 136 of the cap is sct at an acute angle with

respect to the first perpendicular surface 132 in order to provide for the desired back rake change
in comparison to the diamond table face. A side surface 138 of the cap is set at an acute angle
with respect to the second perpendicular surface 134. The combination of the angled front and
side surfaces 136 and 138 provides for a thickening of the cap towards a tip 140 where the first
and second portions 133 and 135 of the cap 110 meet. In an implementation, the front and side
surfaces 136 and 138 may meet at the tip 140 of the cap 110. Alternatively, as shown in Figure
17, an additional surface 142, which is generally parallel to the second perpendicular surface
134, connects the angled front and side surfaces 136 and 138 at the tip portion of the cap. The
cap is an integrally formed article comprising the first and second portions interconnected at the
tip portion.

In a preferred embodiment the outer tip 140 of the cap is circumferentially
forward of the outer tip of the PDC cutter it is protecting even when cutter back rake is taken into

account. If a line normal to the bit profile is drawn through the cutting tip of the PDC and a line
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cap is an integrally formed article conprising the first and second
portions interconnected at the tip portion. In a preferred enbodi nent the
outer ti pvo20100f3887Me cap is circunferentially forward ofPCrhs2e0086668 i p of
the PDC cutter it is protecting even when cutter back rake is taken into
account. If a line normal to the bit profile is drawn through the cutting
tip of the PDC and a |ine 23 DALLAS 2 1423 54v.| Custoner No. 32914 Attorney

Docket 368614-2037 nornmal to the bit profile is drawn through the quter tip
of the CSIFENSNRMG cutter cap then in this enbodhiEAEY PA&et 3650442027

substantially parallel and the line through the outer tip of the cutter cap
i s of f setmdltethe bie profiteistdipwn howghethppates tiptadith prdsporulingaetittgl cafi demmte of
at least .030". Also, in a preferred enbodi nent the outer tip of the cap is
of f set this pmbodimeeiche bmesraor srbbtantoalty peradlic barpirtble tisdtheouzhdles outeram dftilec autet er
tip of the PDC cutter by a forward di stance of at |east .030". Enbodi nents
di scus saslisalffsvtefr@npita#iczBroufie the PO ©tutteu fig B @aradialr bistaec @ belehal 0300r Aldae cap.
In an alternative enbodi nent, the caps are instead made prinmarily of steel

(or ni ¢kebre®rrdd dndiddinBnt @l Y tRtITERe APRE O, aha dieét@n Mimal t e diaene
mlling operations are better perfornmed with a netal, as opposed to a

t Ungst qibiCRAEDIFLR (6 Aucr HVT e MO cER b BN R iSaR0ARG: RAY SRR T gurati on as

shown in Figure n an alternative éenbodi nent, a cap 180 nmade of the

metal /metal all Oﬁﬂgai%hﬁ;digﬁn%leg%%vteie ?154&’6 tlﬂglu?eﬁgsftt‘lﬁélésgeg%a%bl‘f%g%tat%ﬂalcf?%b i de

or CBN outer tip enentation 1s 1 stra I i gures and

19, wherein Figure 18.sho an view and Figure 19 sho sid i ew of
the T miecHBnmt B RS el s Cos fsages ety of fe (8 e b
brazed to.the netal base cap 180 in the tip portion, or noynted thereto
with atifasiingpsany SihepanEont i melg) %feaélaybﬁqmﬁ lat}Bﬁ% pRegatpns aret%sasrewrﬁ&rl on
the face of the netal base cap). Alternatively, the tungsten carbide or CBN

out er tifh 4 @®talays pePdsed e daRISHEN HWikjfe. aBs stHee peassadd hpe Hsndepe and

configuration as shown in Figure 17.

In an alternative 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 18 and 19, wherein Figure 18 shows an end view and Figure 19 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 18 and 19 may have the same forward and radial

offsets as discussed above with respect to Figure 17.
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ot herw se adhered to the base cap 180 material in the tip portion. In the
enbodi nents where the outer tip is brazed or LS bonded to the netal base
cap a hi ghotempBssrrur e braze material with a nelting poiPoT/ishave3dhs
melting point of the braze material to be used to nount the PDC cutters in
the bit is recommended. The cap configuration of Figures 18 and 19 may have
the sanme forward and radial offsets as discussed above with respect to
Figure 17. 24 DALLAS 2 1423 54v.| Customer No. 32914 Attorney Doc

368614 98McRNPeiPde i s now made to Figures 20 andftorney IPﬁd‘)‘f‘E%@é%‘tz%?
enbodi nent the front face of the cap is offset fromthe dianond table face
(for exanple, byRafeginge s@ne@wlﬂadcascfp 1gurpu20 rhé 2dutleryed gnoth¢rpengfodihentdhp i s
either radially aligned with the PDC tip or is offset rearwardly fromthe
PDC ti profii fage of ihe chpld sffsbfremdhs timnoed labld fade (e exuile, by a digtanfe dfh@30”)
correspondi ng PDC cutter as indicated at reference 190). In either of these
i nst anoeasthe bbhermost tiplo€ feeap ik dither taddlt iabgncdfwitthhe PIICEtip bi P obkctirbawaaipy f r om
the front face of the tip is acconplished through the use of an intervening

bevel , fioahe BN tipQi.c S iteRis bdn@bistahBS bR thet RRIBUILET the Robspoh@ng @A s in
rel at| vely cl ose pI‘OXI mty to the cutting tip of the correspondi ng PDC

cutter LRaans ifidm a@{ref!:tjaﬁcenl@'@) bengae: éf{tﬁ&g A OREsOThe AHITENL G th%‘ll?c%%ﬁ%?

cuttlng structures of t e prior art. his is advantageous in that when a

bit is e 515‘[91]( fis & (tjlﬁ% élgq%lg gl%ﬁbﬁar&g oli”tﬁie i}yé QQco %&g}?ﬁdlb ql?ﬁqlﬁeah% %)1b fes of

the bit are m W |
benefit fromt nde force bal anced | a not her.

advant JYEEINE ?stﬁ’ 02 steRg tlﬁ‘é“té’tcreé Q}l\ét#@s R PR R 1 ng
pur poses nmay be enhanced by falling sl.ightl behl d the P cutter tip. The
out er EHFIP{T toithy C%B%&Pt@rt{*ﬁaetrtﬁpe%agt@i Rt %vayl At gqc the panghagded han
pl ow netal surfaces making for nore efficient machining. In sone

enbodi fepddonaaugmped substigg clEngapicyesdofdhe v asmiThé 19 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 perceived advantage of this layout is that the effectiveness of the tip
for milling purposes may be enhanced by falling slightly behind the PDC cutter tip. The outer
cap tip will be better positioned to shear away metal surfaces than plow metal surfaces making
for more efficient machining.

In some embodiments, the caps 110 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.

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
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backream ng sections of the drill bit to enhance the ability of the bit to
mll back through mlIling debris, whipstock attachnment equi pnent, or pul
back t hr osghos/B8&i7Tng Wi ndow or drilled casi ngassoci at e@CEGIS2@OBHAE668 | t Wi | |
be recogni zed that existing bits or bit designs can be readily retrofitted
to accept the caps 110. The caps are robust enough to acconplish the

mlling tasks asked of them while being structurally predisposed to
accel erated disintegration and shedding when mlling is conpleted and the
bit no¢dgomst NartéHdr drilling the formation. Bit sAERNSPPEedPEflER0? he

caps 25 DALLAS 2 1423 54v.| Custoner No. 32914 Attorney Docket 368614-2037
can be casbelused tddiill] oup steelshodiad depiag elbeckitsi agayhg shdsi hits copstaigteidritpre hther bi t s
constructed fromother materials extending the casing shoe bit choices of
casi ng nohtdrials exgendperth¢ caonw shBe bg cbiceshe casing éntling ppentioon Rismidhsairtret used
inone trip mll drill systens where the bit is attached at the top of a
whi pst aoknfi@r caniidl gused it bee il il drilesyRidmsdrhdrd tHaitit is aahdhdd AQthe agsoBs
descri bed herein can be advant ageously used in conbined mlling and

f or mat ivipseyck Ifbi MBNIAPET AL heRS, such as when used in conbination with the
whi pstock attachnment assenbly described herein. In accordance therewith, a

PDC cutter drill i pplayiingis teRidile@dabt ¥s @\?]sa%d%}%@em LR aR@ELRLR REBES Of
C t he PDC

the cutters including a mlling cap attached to cutter is provided

I
22 EEOMEL e G5 S0 DURE 500 1L LB SOOI SR

whi pst oc u usi Ag cl'osed asse
cap is conf. urg% for mlli erations an a casi ng-associ b&? 0 ent
ocat ed™ HPHACHEREMBE o SGFRHIE b ke iteg MRty e AP gt
operations..Afte{ t he mhiestock is placed in éﬁg bor ehol e,. and tren
rel eas@ RIS RIUWHEY Shiddri Yes pRiinerigHn aseel HeFugpsvacluding agmillpe sir i s
rotated and the mlling cap on the drill bit used to performa down hole
m | i ngtteshed & the KDEncytise isqueYiAkfhios aidichment te grisdndnng of atherididlingsaupment e of
the whipstock. Drilling with the drill bit continues
and the whipstock is hung from the bit using the disclosed assembly. 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. After the whipstock is placed in the borehole,
and then released through the shearing operation described above, the drill bit is rotated and the
milling cap on the drill bit used to perform a down hole milling operation on the casing-
associated component with the assistance of the whipstock. Drilling with the drill bit continues
after milling of the casing-associated component to drill the carth formation outside the casing
window. 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 carth 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.

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

invention is not limited to the disclosed embodiments.
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after mlling of the casing-associated conponent to drill the earth
formation outside the casing w ndow. Inportantly, the sane drill bit is

bei ng usewp 2arvd3887as there is no need to pull a mllingPlirtUskeloosdshe hol e
before resumng formation drilling. The drilling of the earth formation
causes the mlling caps on the drill bit to be destroyed and thus reveal
the di anond table surface of the PDC cutter which are then used in engagi ng
the earth formation. Enbodi nents of the invention have been descri bed and

i || ust CAsemeaN8ve??1fhe i nvention is not |inited toAEdBEYIPeICHAGKG14-2037
enbodi nents. 26 DALLAS 2 1423 54v.| Custonmer No. 32914 Attorney Docket
368614-WdaT WWARAIMEIDIN MED |'S: 1. Apparatus, conprising: an upper collar
adapted for installation around a shank of a mll/drill bit; at |east one
connecting nmenber nmounted at a first end to the upper collar and extending
downwardly therefrom the connecting nenber adapted to fit within a
junksl ot of the m ||/ Adppdrhtubicompaisingti ch t he upper collar is attached; and a
whi pstock attachnment structure nounted to a second end of the at |east one

connecting menbepn ugper ISR apRIdAbEms@flatndkdind 2MRSEIM hilldirAonRect i ng
menber has a length which is |ong enough to extend to a point proxinmate to

or bel ow an out eht lghstt ofn@cfzgn&fctiﬁ e .b!e{ %ﬁb\ﬁsh alP!atﬁlrsPeﬂ’émopt}ﬂe tulﬂgilu&)@l%f ak® Il ar

is attached. 3. The apparatus of claim1 erein the whipsto at t achnment

adapt e EafBTRRVRSTAR RIS, [ETRRcHERRLC AR FRGMERLIRIOATAD |
claim %ni %Iil%iitnto twrlll(lachutﬁcp lelprpe(r: gcl)lia?'lis aittra]lc le%i?a?risd a channel, and

a whipstock attachment structure mounted to a second end of the at least one

connecting member.

2. The apparatus of claim 1 wherein the connecting member has a length
which is long enough to extend to a point proximate to or below an outer bit face of the mill/drill

bit to which the upper collar is attached.

3. The apparatus of claim 1 wherein the whipstock attachment structure
comprises a flange member supporting an attachment mechanism adapted to attach the flange to

a top of a whipstock.

4. The apparatus of claim 1 wherein the upper collar includes a channel, and

the first end of the at least one connecting member is mounted within the channel.
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the first end of the at | east one connecting nenber is nounted within the
channel . 27 DALLAS 2 1423 54v.| Custonmer No. 32914 Attorney Docket

368614- 2080 2810/1BR&y7appar at us of claim 1 further includi RgTAISkabm3seesber
extendi ng outwardly fromthe upper collar, the first end of the at |east
one connecting nenber being nmounted to the | obe nenber. 6. The apparatus of
claim5 further including a renotely actuated detachnment nmechanismin the

| obe menber, the detachnment mechani sm being renotely controlled to cau
the fi KIFoRISHNSF3IN4 at | east one connecting nenbe$“@6%b@@3ﬁé‘a@ﬂééﬂgﬁ from

its mounting to the | obe nenber. 7. The apparatus of claim1l wherein the
whi pst ock attachfent the geraigtes ebrepaiins bsfurter| ippleding aidobsemember exvapdied] t o
each of the plural connecting nenbers at the second ends; and a whi pstock
at t achwerwardly dnge tex uppai qodjad dhvnest ding dfrtbenat fest owee comicetngsmgmbert beis The
apparatus of claim1 further including a | obe nmenber extendi ng outwardly
from t h@udpdes theddbdcangmbdre | obe menber including a downhol e sensor. 9. The
apparatus of claiml wherein the at | east one connecting nmenber conprises a
plurality of nmenbers connected at their first ends to the upper collar and
extendi ng downwardly therefromfitting within correspondi ng junkslots of

the mil/drill bgt. 28, ONLARSDIEARS S M<£§M§ﬁ £N%Qnd§%&&ﬁe&ﬁ&gaﬁﬁ§h
Docket 368614-2037 10. The apparatus of claim9 urther including a
md-ri Iﬁ%cﬁﬁﬁ'& %gtheqol%aﬁ;l mBér, the detachment mechanism being remotely controlled to cause

the first end of the at least one connecting member to become detached from its mounting to the

lobe member.

7. The apparatus of claim 1 wherein the whipstock attachment structure
comprises:

a lower ring segment coupled to cach of the plural connecting members at the
second ends; and

a whipstock attachment flange extending downwardly from the lower ring

segment.

8. The apparatus of claim 1 further including a lobe member extending

outwardly from the upper collar, the lobe member including a downhole sensor.

9. The apparatus of claim 1 wherein the at least one connecting member
comprises a plurality of members connected at their first ends to the upper collar and extending

downwardly therefrom fitting within corresponding junkslots of the mill/drill bit.
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the plural connecting nenbers between the first and second ends. 11. The
apparatus of claim9 wherein the whi pstock attachnment structure conpri ses:
a | ower rwogosegsemnt coupled to each of the plural conn®CTiusgodsdses s at

t he second ends; and a whi pstock attachment fl ange extendi ng downwardly
fromthe | ower ring segnent. 12. The apparatus of claim1 wherein the at

| east one connecting nenber is nounted to the upper collar at a first side
of the upper collar, further conprising a tie down strap having a first end

connect@dopit Nee33¥dper collar at a second side oppd&eraey Pogket 36642046, a

second end of the tie down strap being connected to either the second end
of the connecti n0-menbes apparatseofvghdims? Gutheninchdmgemmidgting counied to1@ch he
apparatus of claim1 wherein the upper collar includes at | east one breaker
sl ot i tisgrlurabchapt@thg nengrgapewenbhehiseanddeotndamds.he shank of the mll/drill
bit. 14. The apparatus of claim1l wherein the upper collar conprises a
first arcuate nenber hinged to a second arcuate nenber and including a

| at chi ng nechanismfor latching the first and second arcuate nenbers

together. 29 DALLAS 2THAZRpaedts loEUsdi@ne rwit¥dein 3RO IehipNid Rl RBY¥hORKSFucture
368614- 2037 15. The apparatus of claim1 further including a shank shroud

extend%ggpggﬁnmardly fromthe upper collar. 16. A nethod for hanging a
whi pstock on a mll/drill bit, the mll/drill bit including a shank

g?rtLg”hifrfdf?fF%gyﬁﬁﬁgé%%hﬁﬁfc§$&é%4%ﬂggh%@ﬂ%PBELﬂ%SRk%ﬁmﬁh%Hﬂgmﬁﬁ%héha”k

second ends; and
a whipstock attachment flange extending downwardly from the lower ring

segment.

12. The apparatus of claim 1 wherein the at least one connecting member is
mounted to the upper collar at a first side of the upper collar, further comprising a tic down strap
having a first end connected to the upper collar at a second side opposite the first side, a second
end of the tie down strap being connected to either the second end of the connecting member or

the whipstock attachment structure.

13. The apparatus of claim 1 wherein the upper collar includes at least one

breaker slot insert adapted to engage a breaker slot on the shank of the mill/drill bit.

14. The apparatus of claim 1 wherein the upper collar comprises a first arcuate
member hinged to a second arcuate member and including a latching mechanism for latching the

first and second arcuate members together.
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hangi ng the whi pstock fromthe upper collar. 17. The nmethod of claim 16
wher ei n hangi ng conpri ses attaching the whi pstock to the upper collar
t hrough awol2erst3sginme connecting nenber wi t hout naki ng aPCOAISREVi086668 0 a

face portion of the mlIl/drill bit. 18. The nmethod of claim 17 further
conprising fitting the connecting nenber to extend through a junk slot of
the mll/drill bit. 19. The nmethod of claim 17 further conprising

configuring a shearing nenber. 20. A nethod, conprising: providing a PDC
cut t er (getomer Bpt339adi ng a plurality a PDC cutters MUASRPekst }168@#8@0%? t he
cutters including a mlling cap attached to the PDC cutter, wherein the
mlling cap i s cohfi glihedriasstugriof |clavg bgeithari beladibata skankoshreyst extandingr
earth formation drilling operations; hanging a whipstock froma shank
por t i odowhwatdéy fBRC ticamptper cadiai.| | bit; 30 DALLAS 2 1423 54v. | Custoner No.
32914 Attorney Docket 368614-2037 |lowering the drill bit and hanging

whi pstock into a borehol e; detaching the whipstock fromthe PDC cutter

drill bit; using the mlling cap on the drill bit and whipstock to mll a
casi ng w ndow, amng COAtmBHbdTort Randirlgl 4 whiffs@edhorad nigrdiin bir@thinni 6ih t he
same drill bit follow ng passage through the casing w ndow, the drilling of

the eart Q) MBLLOBoGBHShO I8 Ihplidii@ cap to be destroyed so as to reveal
a dianond table sur?ace’ of the PDC cutter for use in engaging the earth

formation. 21. Tgt?ac\[ﬁ%?ﬁq‘g écrc il@ria?%&gtﬁ uithess &Q ﬁ/’tdﬁié@% %q(ar m ng structures

inthe mlling cap elera estructron o ing cap in
response to dril Lan%lir}g tﬁg%%‘g{é‘éﬁhogme upper collar.

17. The method of claim 16 wherein hanging comprises attaching the
whipstock to the upper collar through at least one connecting member without making a

connection to a face portion of the mill/drill bit.

18. The method of claim 17 further comprising fitting the connecting member

to extend through a junk slot of the mill/drill bit.

19. The method of claim 17 further comprising configuring a shearing

member.

20. 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, wherein the milling cap is
configured for milling operations but is not optimal for carth formation drilling operations;

hanging a whipstock from a shank portion of the PDC cutter drill bit;
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the earth formation. 22. The nethod of claim 20 wherein hangi ng conpri ses:
attachi ng an upper collar around the shank portion of the PDC cutter drill
bit; and wergiogsgmme whi pstock fromthe upper collar. 2BCTHse01018466%81 Of

cl aim 22 wherein hanging further conprises attaching the whipstock to the
upper collar through at | east one connecting nenber w thout nmaking a
connection to a face portion of the PDC cutter drill bit. 24. The nethod of

claim23 further conprising fitting the connecting nenber to extend through
a j unk QPlemepNot HE1pC cutter drill bit. 3 1 DALLAStonaubacksuio§odt2pdher

No. 32914 Attorney Docket 368614-2037 25. The method of claim 23 further
conpri si ng conf i pwering the dildat anddhanging sthipstogl ithebeicholdet achi ng conpri ses
detaching at the shearing nmenber. 26. A system conprising: a drill bit

i ncl udi ng: a shard#taghorg thowhipatook frobottly PDcduttdi drgl bit;pl ural ity of cutter
pockets; a PDC cutter including a dianond table |ayer and an underlying
substrate | ayer iisg tklngitlingrtaeac theclulltter andedkedtocka thikh a@agingtvindoivtiael on at
| east one of the PDC cutters, the cap structure including a first portion

overlying, but ngdntialiin@abemilt @roudhfahakth fraestieh wihetdi amenmilt gbaldwayer and
a second portion extending perpendicularly fromthe first portion which is

over | yin&a?e”tﬂrcﬁl‘gB ARNGLink i v WSS IRRE bR Lt RihlRGaBling! LSRN to
substrate Tayer, and a Wwhi pstock hanger assenbly, conprising:
be destroyed so as to reveal a diamond table surface of the PDC cutter for use in engaging the

earth formation.

21. The method of claim 20 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.

22. The method of claim 20 wherein hanging comprises:
attaching an upper collar around the shank portion of the PDC cutter drill bit; and

hanging the whipstock from the upper collar.

23. The method of claim 22 wherein hanging further comprises attaching the
whipstock to the upper collar through at least one connecting member without making a

connection to a face portion of the PDC cutter drill bit.

24, The method of claim 23 further comprising fitting the connecting member

to extend through a junk slot of the PDC cutter drill bit.
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an upper collar adapted for installation around the shank portion; at |east
one connecting nenber nounted at a first end to the upper collar and

ext endi ngvOamwiassil’y t herefrom the connecting nenber asaptusdomo3dess w t hin
a junkslot of the drill bit; and a whipstock attachnment structure nounted
to a second end of the at |east one connecting nmenber. 32 DALLAS 2 1423
54v. | Custoner No. 32914 Attorney Docket 368614-2037 27. The systemof claim
26 further conprising a whipstock, the whipstock having a top end, the top
end of GUREMFANEsIZFEk being attached to the whi pst otlkoraet Besksesft8odt208t ur e.
28. The systemof claim26 wherein the cap structure is nmade of a tungsten
car bi de mat eri al 25.29. Tithenathask e ddinc 23 frther whmpesing tdvafigengs er sheeing i s
made of a nmetal/nmetal alloy material. 30. The system of claim 29 wherein

t he camestbeucndmdcfeur ddhingrropdes dataching st tha slwaribg thembat er tip nmounted to
the netal/netal alloy cap material. 31. The system of claim 29 wherein the
cap structure further includes a CBN outer tip nounted to the netal/netal
alloy cap material. 32. The system of claim 26 wherein the cap structure
further includesygut ep shitbmn@grRinga material different fromthe material
fromwhich a majority of the cap structure is formed. 33. The system of
clai m 26 wherei n, 4Af pRWGhditd.P of the different material is offset
rearwardly froma front face of the first portion of the cap structure.

a shank portion;

a bit body including a plurality of cutter pockets;

a PDC cutter including a diamond table layer and an underlying substrate
layer installed in each cutter pocket; and

a cap structure on at least one of the PDC cutters, the cap structure
including a first portion overlying, but not attached to, a front face of the diamond table layer and
a second portion extending perpendicularly from the first portion which is overlying and attached
to an outer peripheral surface of underlying substrate layer; and

a whipstock hanger assembly, comprising:

an upper collar adapted for installation around the shank portion;

at least onc connecting member mounted at a first end to the upper collar
and extending downwardly therefrom, the connecting member adapted to fit within a junkslot of
the drill bit; and

a whipstock attachment structure mounted to a second end of the at least

one connecting member.
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33 DALLAS 2 1423 54v.| Customer No. 32914 Attorney Docket 368614-2037 34.
The system of claim 33 wherein the offset places the outer tip of the

di f f er entwoebayi3s877behi nd the front face of the di anondPCahiseoloagess 35.
The system of claim 26 wherein the outer tip of the different material is
aligned in sane plane with a front face of the first portion of the cap
structure. 36. The system of claim 26 where the cutter is nounted to the
cutter pocket with a brazing material, the brazing material al so bein

pr esentCUpEMFENA- 13744 i rst portion of the cap struchiBBeYReckehed&OLERP3 T ace
of the dianond table |ayer to provide an intervening cushioning |ayer

bet ween the firs&7.por Thopystim vhelagnposturthet eraprayms & yehipstepht theawbipstbck he
di anond table | ayer without attaching the first portion of the cap

struct hreng @ tohesnfly 8wt tob amd o tht hehiphitenkobang attdobed ay dre. wBipstoth ettasheicem of
claim 26 wherein the cap structure further includes a structural feature
whi ch agaeler ates disintegration and shedding of at |east the not attached
first portion of the cap structure follow ng conpletion of the mlIling of
t he casi ng wi ndow. 34 DALLAS 2 1423 54v.|

28. The system of claim 26 wherein the cap structure is made of a tungsten

carbide material.

29. The system of claim 26 wherein the cap structure is made of a metal/metal

alloy material.

30.  The system of claim 29 wherein the cap structure further includes a

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

31.  The system of claim 29 wherein the cap structure further includes a CBN

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

32.  The system of claim 26 wherein the cap structure further includes outer tip
made of a material different from the material from which a majority of the cap structure is

formed.

33.  The system of claim 26 wherein the outer tip of the different material is

offset rearwardly from a front face of the first portion of the cap structure.
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34, The system of claim 33 wherein the offset places the outer tip of the

different material behind the front face of the diamond table layer.

35.  The system of claim 26 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.

36.  The system of claim 26 where the cutter is mounted to the cutter pocket
with a brazing material, the brazing material also being 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.

37.  The system of claim 26 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 following completion of the milling of the casing window.
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