MULTI PLE DI ANOND LAYER | PCLYCRYSTALLI NE DI AMOND COWVPOSI TE CUTTERS

AND A METHOD FOR, MAKI NG THE SAME Background of the Invention The
present invention relates to polycrystalline dianond conposite ("PDC")
cutters used in drag bits for drilling bore holes in earth fornmations.

PDC cutters are well known in the art. They have a cenented tungsten
carbi de body and are typically cylindrical in shape. The cutting surface of
the cutter is forned by sintering a‘PtKTIayer to a face of the cutter. The
di anond | ayer serves as the cutting surface of the cutter. The cutters are
inserted on a drag bit outer body 8 exposing at |east a portion of the.
cutter body 10 and the dianond cutting surface 14 as shown in FIG 10.
Typically, the cutter makes contact with a formation at an angle, i.e.,
the dianond cutting layer is at an angle to the formation surface.” As the
bit rotates, the PDC cutting | ayer edge nakes contact and "cuts" away at
the formation. At the sane tine portions of the exposed cutter body al so
make contact with the formation surface. This contact erodes the cutter
body. As the carbide body MULTHPIH DRIAMONDHILLER ess and | ess car bi de

material is avai |l ZyrrdrrSrIONE DEAMEND QUGS ITR CUBlERs resulting in
the eventual det achrrenéuﬁ)nq\ Imoq; Etdlze pﬁ%fé’t{ﬁﬁ%ﬁﬁé’er . Consequent |y,

the cutter. is disable

- Background of the Invention

The present invention relates to polycrystalline
diamond composite ("PDC") cutters used in drag bits for
drilling bore holes in earth formations.

PDC cutters are well known in the art. They have a
cemented tungsten carbide body and are typically
cylindrical in shape. The Cutting surface of the cutter
is formed by sintering a PDC layer to a face of the

"cutter. The diamond layer serves as the cutting surface
of the cutter. The cutters are inserted on a drag bit
outer body 8 exposing at least a portion of the cutter [
body 10 and the diamond cutting surface 14 as shown in
FIG. 10. Typically, the cutter makes contact with -a
formation at an angle, i.e., the diamond_cutting layer is
at an angle to ﬁhe formation surface. As the bit rotates,
the PDC cutting layer edge makes contact and "cuts" away
at the formation. At the same time portions of the
ekposed cutter body also make contact with the formation
surface. This contact erodes the cutter body. As the
.carbide body of the cutter erodes, less and less carbide
material is available to support the diamond cutting
layer, resulting in the eventual detachment and loss of
the PDC cutting layer. Consequently, the cutter. is
disabled. '



- 2- Furthernore, as the PDC cutter body erodes, the cutter which is
tightly fitted into the bit body |oosens and falls out. As the cutting
process continues, the fallen cutter can cone in contact with or | odge
agai nst the renmining cutters causing themto also fail. For inproved
cutting action it is preferred that tﬁe substrate formng the cutter body
have high stiffness and hardness. A stiffer substrate tends to better
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Accordingly, there is a need for a cutter with
increased resistance to body wear and erosion so as to
prevent the detachment of the PDC cutting layer and the
conseqﬁential "fall-out® of the cutter. There is also a
need for a cutter which can still function after the
diamond cutting layer is detached. Such a cutter will™
have an enhanced useful life resulting in less frequent
cutter changes and in fewer drilling operation stoppages
for replacing failed cutters. Moreover, there is a need
for a cutter having a stiff, hard substrate supporting the
cutter cutting layer to allow for,improved cutting but

which prevents the propagation of crack growth through the
cutter body.

Summary of the Invention

This invention relates to an improved polycrystalline
diamond composite ("PDC") drag bit cutter comprising
multiple cutting surfaces resulting in an enhanced useful
life. The invention also relates to the method for making
such an improved PDC cutter. Generally, PDC cutters have
a cylindrical shape. The cutting surface of a PDC cutter
is formed by ~ sintering polycrystalline diamond to the



- 3- PDC cutter face. Wth the present invention secondary cutting

s surfaces are fornmed on the body of the PDC cutter. These cutting

‘surfaces are formed by sintering polycrystalline dianond in grooves
formed on the outer surface of the cutter body. The secondary cutting
surfaces take the shape of the formed @ ocoves. Shapes of secondary cutting
surfaces can conprise a plurality of spaced rings spanning the whole of a
part of the PDC.body circunference. These rings can be inter-connected by
finger-|ikéeDierdrtemhfate ar e Wiltdo the t Prgsentf dewent iSec osriendaxyti ng

surfaces cahtiSrd s aRaP8rel £61RE8, of WHEDodiPbE thel BPE &sut&LCt angl es,
squares. Myreover, h can-be in the shape of an ipverted "V', they can

t hey t
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surfaces t gl yeatydealbineddisndndi dal Igrdovdsn fetmed oamhilzat d@beof
cutting surfaces shatoet[slhrra e inl%:o(ixporated in single cutter. In a
preferred ot Freft: e Futt¥Y has at least a two-| ayer substrate.
For descri ptive The prsmndare catlisinon tsarifagess take &heosheperofdthe herein
as "wafers.g ha P N (o] n '
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formed on surface rooves” preferabfy span the
hei ght of t$quawgrs. MoTaevegreovdwexasabe b¢ anmy thepeshapeewdr afhy, the

shape and ofjgdt@dd oyof {hey, AEHQVISS ién%it@&&iﬁgl,byCiPéutfnPéP@ﬁi:Qﬁlt0 be
cut. In addition,_ the orientation of the grooves,_ and hence, of_ the

secondary ¥ t§kRyed  A8esshanpspel Ve ityindnfages that can be

formed is basically unlimited. A combination of cutting
surfaces shapes may be incorporated in single cutter.

In a preferred émbodimeng, the PDC cutter has at
least a two-layer substrate. For descriptive purposes,
the substrate layers are also referred to herein as
"wafers." Each wafer has a top end, a bottom end and a"
body therebetween.

The cutter body is formed by bonding the wafers of
cemented tungsten carbide togethef, one on top of the
other. It is preferred that a stiffer grade cemented
tungsten carbide is used to form the uppermost portion of
the cutter which interfaces with the primary PDC cutting
layer. A stiffer substrate provides better support for
the cutting layer which results in enhanced cutting.

The secondary cutting surfaces -are formed by
compacting and sintering diamond on grooves formed on the
body surface of the wafers. The grooveslpreferably span

the height of the wafers. The grooves can be of any
shape. Generally, the shape and orientation of the
grooves is dictated by the formation to be cut. In

addition, the orientation of the grooves, and hence, of
the secondary cutting surfaces, may be varied by rotating



- 4- the wafers in relation to each other. For exanple, the wafers may be
oriented such that the grooves on their surfaces are aligned formng
grooves that are continuous between the wafers. Mreover different grades

-of dianond may be conpacted and sintered in different grooves. Bri ef
Description of the Draw ngs FIGgq 1L is an isonetric view of a PDC
cutter wwth a ring-shaped secondary PDC cutting surface. FIG 2 is an

i sometric view of. a PDC cutter with a plurality of ring-shaped secondary
PDC cutti ngtlselrvflaﬁeSs in refbGiod it® Jadiswtier £ VFew ekampP®C eheter with

a plurality, of, e a cutt] ces 4 is
an i sonetri Cg%/I egv O %E%ggggg S%ﬁ%g.)%ihra()ﬁs{-:g% % ogleecon%r §'th% cutti ng.
sur f ace. surfacgsbare ahigredeforuingegrobvaspPbiatuarer canthngopisural ity
of finger-|pkewsehorHaryafds CUMd LY fd%Cf%rent Bé'éki@s ©f &idRohsomet fﬂ' c

view of a PDC cutter wth a triangul ar secondar cutting surface.

CFIG 7 is aR?YsbRefPreagted andasppeerat: ép ﬂﬂf%eﬁepécgﬁﬁﬁﬂﬁﬁr secondary
PDC cutting surface. FIG 8 is an isonetric view of a PDC cutter with
a ring-shapgd, s c-ndar urface_and a plurality of finger-Iike
PDC secondat i€ B30GB,5s-wi se between t he primry
cutting surface ROG. tmelsla@rammmsinmdtvﬂqysnﬁfacEDC cuttérGwifhi & an

i sometric vj o a [ ed secondary PDC
cutting sur L?Q E?ﬁé%g&bgﬁrpﬂPEc gg?kngcggcﬁgggrence FIG 10 is
. an isometric w efl6r & esagnbuntsqmettrrwgﬂaw f i BPCaFutper withess.

FIG 11 is ghuk8Q8eYr b€ ¥hify-8hapedr 88cbhla thC”%h%khQ@ BUe feldddsar s

having a primry d secondary cutt,ng sur 12.is an
ISOHEtrIC Vlem/of%g 18,80 A qg;r1c iew o a PDC cutter w1t%

plurality of "dot"-shaped secondary PDC cutting surfaces.
FIG. 4 is an isometric view of a PDC cutter with a
crosgs-shaped secondary PDC cutting surface.

FIG. 5 is an isometric view of a PDC cutter with a

plurality of finger-like secondary PDC cutting surfaces.
"FIG. 6 is an isometric view of a PDC cutter with a

triangular secondary PDC cutting surface.

FIG. 7 is an isometric view of a PDC cutter with a
rectangular secondary PDC cutting surface. )
| FIG. 8 is an isometric view of a PDC. cutter with a.
ring-shaped secondary PDC cutting surface and a plurality
of finger-like PDC secondary cutting surfaces positioned
crogss-wise between the primary cutting surface and the
ring-shaped cutting surface.

FIG. 9 is an isometric view of a PDC cutter with a
half-ring-shaped secondary PDC cutting surface spanning
half of the cutter circumference. |

FIG. 10 is an isometric view of a drag bit with
installed prior art PDC cutters.

FIG. 11 is an isometric view of a drag bit with
installed PDC cutters having a primary and a secondary
cutting surface. .

FIG. 12 is an isometric view of a PDC cutter with
secondary cutting surfaces.



secondary cutting surfaces. - 5- FI G
13 is an isonetric view of five cenented tungsten carbide wafers, three of
whi ch have grooves, which when bonded formthe PDC cutter body of FIG 1.
FIG 14 i's an isonetric view of a PDC cutter having curve shaped secondary
cutting surfaces. FIG 15 is apn gsonmetric view of a PDC cutter having
squar e shaped secondary cutting surfaces. FIG 16 is an isonetric view
-of a PDC cutter having inverted "V' shaped secondary cutting surfaces.
FIG 17 is an i $orfet r’ig% Viewdd 3SPBEtEdCt eV1R¥vi Af skkV@d niethed
secondary auirigsuersuchabgde waferd,G tABeés oFn wishekt havevigo®fes, PDC
cutter forned firomfour c ed tun carbid er re the grooves
on the vvafewslce{'f ew-ar}Sbﬁenofﬁr%né%ﬁmm%b%ﬁ%o%%%er%%@a?tts)ng ‘ngl'cutter body.
FIG 19 is an i ifet rid 18 em oisemdDOcWiew of té RDPlaeuttier yhafimguar e
shaped seccgqgﬁ; | ' ' | i cal pattern. Det ai | ed
c n o ét/he rée(?gsrérc'fa{;drg %d@%ﬁ%ﬁg%ﬁ & P _
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surfaces) are formed on the PDC carbide bod¥ hese secondary cutt

. tting
surfaces caF¥PafWe GRBERES FyRFiGTh 6 PFrge wafers where the

grooves on the wafers are aligned to form continuous
grooves along the cutter body.

FIG. 19 is an isometric view of a PDC cutter with a
plurality of square shaped secondary cutting surfaces
oriented in a helical ﬁattefn.

Detailed Description of the Preferred Embodiment

The present invention is an improved polycrystalline™
diamond composite ("PDC") cutter comprising multiple PDC
-cutting surfaces, resulting in enhanced cutter useful life
and increased cutter efficiency.
Generally PDC cutters have a carbide body 10 having
a cylindrical shape with a cutting face 12 (FIGS. 1-9).
A PDC layer 14 is sintered on the cutting face of the
cutter (FIGS. 1-9). While the present invention is
described herein based on a cylindrical-shaped cutter, the
invention is equally applicable to other shapes of
cutters. In the present invention, the PDC layer forms a
primary cutting surface. Additional cutting surfaces
(referred herein as "secondary" cutting surfaces) are-
formed on the PDC carbide body. These secondary cutting
surfaces can span the whole or a portion of the
circumference of the cutter body. In many situations, the

secondary cutting surfaces span only the portion of the



circunference of the cutter body. In many situations, the secondary cutting
surfaces span only the portion of the - 6-

cutter body exposed to the earth formation during drilling. To formthe
secondary cutting surfaces, grooves are forned on the cutter body outer
surface. D anond crystals are conpacted into the grooves and the cutter is
processed in a high pressure, high tefiperature press to form

pol ycrystal line dianonds in the grooves. The process of formng the grooves
and t he sulosidieant bodyceexpoisesi ntter i dpeaneaadripadidma tpadry crdustiald | ne

di anond i”dgjﬁﬁﬁ ooves is known in the art. For exanple, U S. Patent No.
5, 031, 484 éscribes a process for fabricating helically fluted end
mlls with PDC d¢t tfioxg el secondaryl sustiing sawfaceshpaaaugs are

pol ycryst alflgrited 8hafRE cut teP YdBAbLY erOETREa8EQ0MSSathdnd |dityast £rgl mills.
General |y speaking, th rooves for polycrystalline diapond have a_hal f
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and span ti?é)lé’icrr&ﬁ%ag’l e "ﬁﬁgaascdﬂ gtlhe( =RESM 'aggﬁ% PO I%Eri ng or
mul tiple rifigenigan dewn groos r el r e ersrpe@fenthe picess bonlfy or only
a portion qf; | . .2 f Eaenk: Ut il hz f ring
(or band) ngervﬂd;%rnd‘segg@%Sﬁéﬁ? Hé;psﬁxg%??%{jﬁf%gﬁ%{éao t e%tter and
which is p&waqwas 115 t KaOoWR| kar Fhepart cut FPRgexamplgce U-(H atgnt ™ | n
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surface are _.Jinter-connected .wt finger-like cutting surface 2 whi ch
are paral | dIef i S5 ot DA QP E P DED CHHiE Arich PSR AASER T

cutting surdiateeriihg (Rrid &ompactiny emidrorndtsalisimeg ndddmguh@ sigondary
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cutting - speaking, the grooves for polycrystalline diamond have a

half round cross section without sharp corners. Typically

a groove may be 0.060 inch wide and 0.050 inch deep.

Secondary cutting surfaces can be in the shape of
rings 16 which are parallel to the primary cutting
surface, and span the circumference of the cutter (FIGS. 1

and 2). A single ring or multiple rings can span the
entire circumference of the cutter body or only a portion
of it. For example, a further embodiment utilizes a

half ring (or band) 28 which spans half of the
circumference of the cutter and which is-parallei to the
primary PDC cutting surface (FIG. 9). In another
embodiment, the secondary ring surface and the primary
cutting surface are inter-connected with £finger-like
cutting surfaces 22 which are parallel to each other and
perpendicular to the ring and the primary cutting
surface 14 (FIG. 8). In embodiments using mﬁltiple
secondary ring cutting surfaces, the rings can also be
inter-connected with finger-like cutting surfaces.

In a further embodiment, the secondary cutting
surfaces can be in the form of "dots" 18 which are
generally equidistant from the primary diamond layer
cutting surface and which are equally spaced (FIG. 3).



surfaces can be in the formof "dots" 18 which are general |y equi di stant
fromthe primary dianond | ayer cutting surface and which are equally spaced

(FIG 3). -7- These "dots" can span the
entire circunference of the cutter or can span only a portion of the cutter
ci rcunference. Anot her enbodi nentyutilizes |ongitudinal finger-Ilike

cutting surfaces 22 which are parallel to each other and perpendicular to

t he prinnfykgégnuggt%utthg gggga $% e en?@gecgkgg%&-geg%(nu# ?ﬁgsurfaces

can be equal Ty space can~span I'Te Circunference cutter
body or on¢yttepore¥oncah |$p<u|¥| G®nky. a porhigat affukhker cekbedi nent,
the secondgyycehiLi8gcsurface has a triangular shape 24 (FIG 6). Instead

of a triangular_cutting surface, a rectangular cutting surface_ 26 (FIG 7)
or a cross- shapRRother Rubodinentgutdlizes &P@GlﬁédhfﬁgoﬁﬁBESFéél ke ot her

shapes of eutting sutrfaees ganwnkén ageuga@lanel tbneaeht behe2mhad nent,
t he secondar 16), or may

tlng su facg have .an i.nvert "V' .shape %FIG

be square PE ¥€fn 18y a5u£ eHPEFPELMRRY dFBW@Pﬁu&Pﬁ&FPQCBPE AFSr &Atial or
skewed (FlThe&€) fingaredskaceutthegseurfidary cant begeguaildgespaeedbe of any
shape. né 886°BHaLY e W&Ht %hE?ré“EF?Eﬁng?Bﬁée' ift ¥Rk Cg'u'déeg' ga%‘& ed by the

shape of t e groove  on secondary cu g surface
serves twoopuPpd¥es. PPrEdPN PE $Er §EBEGasSan additional cutting surface,
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erosi on and the cutter iag Fi’lﬁat occurs he cutter body S
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In another embodiment, the secondary cutting surfaces
have an inverted "V" shape (FIG. 16), or may be square
(FIG. 15), curved (FIG. 14), longitudinal, circumferential
or skewed (FIG. 17). 1In essence, the secondary cutting
surfaces can be of any shape. A secondary cutting
surface shapes is typically directed by the shape of the ~
groove on which it is formed.
A secondary cutting surface serves two purposes.
First, it serves as an additional cutting surface,
increasing the cutting efficiency of the cutter. Second,
it delays the erosion and wear of the cutter body that
-6ccurs.when the cutter body is allowed to make contact
with the earth formations during drilling.
PDC cutters are sometimes inserted on a drag bit
outer body at an angle exposing the primary cutting
surface 14 and a portion 11 of the cutter body 10
(FIG. 10} .- As the bit rotates during the drilling
process, the primary PDC cutting surface 14 makes contact
with the formation first, followed by contact of the
exposed cutter body portion 11. With the " present.
invention, contact of the primary cutting surface with the

earth formations is followed by contact of the secondary



exposed cutter body portion 11. Wth the present invention,
contact of the primary cutting surface wwth the earth formations is

foll owed by contact of the secondary. - 8-
cutting surface (shown as ring 16 in FIG 11) which is forned on the cutter
exposed outer surface. As the secondary cutting surface nmakes contact

with the formations, it prevents the Bortion of the exposed cutter body
surroundi ng -t he secondary cptting surface from I g tact. with the
formation gﬁg‘}"lpﬁersé’fr e SIRREAR FRBICdf: & : efg i § _1c\{\1" 18 As a
result, théopeedodomf thhenecuttéakexdaxmed hoeutealt esutialyet 0 wear tdewn to a

" poi nt wher | mar ut tJ rf 4 f th tter is
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"fall-out." In addlt,_lgg V\A%h this |rr$r ved PDC cutter, evep if the primry
PDC cutti n§UPSE YethBchbe Eprparien ampd. cersiots, Fews ¢ i (i.e.,
cut) usi ng culte exebadyareyrodiion.ng surfaces. In a preferred enbodi nent,
t he body of the PDC c I s farned by, bopding toget t Jeast, two
cenent ed tungstér?%rg%%gi&af é:&‘s? HH* eggfa]r'é}&g aJ?ce Q%%?%dlff)galstkh%vi ng a
top 118 andutdetoned®P tadwead addodytbaw mpimtci vbeneetdet imtimater
~surface thegpb F : f B5CUEL SN bERY. & f are
st acked one on%{u\ggﬁoq’fg(tﬁgrgt]ah%r g%d g%%gges lt'I'OS orm%lhe ‘gt?ll;grr\gr eI%DC
cutting | apdelangsidal | et HrRA | siRpr egBh8RERIt he AT Ce &i nt er ed
in a high trifgicdindr, hicgle presaraatRbasSof TochOtstrt NfodeC aEds yorg Ut ti ng

Span the f PR ERSS CRRESRAr SIS sy BHEER s 3aR0 bhe SFEE R of the
waf er are dudi dongerf,oderseasing hehgrfoemmeray bégeut bead ‘tfall htowach end
face 118, 120 plaf #G erwiéR EniSthbrobBl BHROVERLEY) NANG "BXI (RO depth

fromtheir onset.
primary PDC cutting layer detaches or fails, the cutter

can still function (i.e., cut) using the secondary cutting
surfaces. _

In a preferred embodiment, the body of the PDC cutter
is formed by bonding together at least two cemented
tungsten carbide wafers 116. The wafers are cylindrical ~
having a top 118 and bottom 120 end and a body having a
circumferential outer surface therebetween (FIG. 13). To
form the cutter body, the wafers are stacked one on top of
the other and bonded. .

To form the primary PDC cutting layer, typically,
diamond is spread over the surface and sintered in a high
temperature, high pressure press. To form the secondary
cutting surfaces, grooves 126 are formed on the wafers.
Preferably, the grooves span the full length of the
wafers. Grooves which span the length of the wafer are
easier to form since the groove can begin and end at each
end face 118, 120 of a wafer. As a result, the grooves
can have maximum depth from their onset. _

With this embodiment, the groove (and secondary
_cutting surfaces) orientation may be varied by rotating
the wafers .in relation to each other prior to bonding.



Wth this enbodi ment, the groove (and secondary cutting surfaces)
orientation may be varied by rotating the wafers in relation to each other
prior to bonding. -9-  For exanple, the
waf ers may be aligned such that the grooves on their surfaces are aligned
form ng grooves 130 that are conti n_ugus_ bet ween the wafers 116 (FIG -18).
The secondary cutting surfaces can bé oriented along the cutter body, as
necessary, to acco date the tdask at hand. For exanple, the secondary

cutting suFPEc&ES e bRfeMtaf®iT B2KeMcatlhawedr FustorPdthe BPEngt h of
the cuttergtbbeslOn.their HbrLaves,atdeaXigridedE armifimr e oeaesba3ar r anged

on the cutfier,body so as to vector the.cutti.ng f e pliged by.the cutter
as needed f:g?tt?\légc%??'fjr@u?%s eeta"l:ec%h%qesw 5.egﬁdgﬁ§i gﬁgﬁgl yll,ae)g‘r oﬁ‘\}/1 s, and

t her eby sesendadaryutcuhngisgr fsaudsacesf vani dass shdpasednyabendgottied in a

si ngl e waf Siyad.ar | er r S i.f ferent
shapes. Sﬁt%ﬁg &g%gﬁs ¥gaﬁﬁbe %g ! o?°g?¥F89§%?atgrg§§§ %?Q%e%%hted
tungst en cBABPde. FOFoexaRahp) ethe se¢endary cutthing)sufirgesiaan Hedesired

to support okhenRedBiy £DheddldalNGpdtyd¥n SQ18fgt @ He eVt r 88kagr of the
PDC | ayer. A ztlff paort al so enhances the cutting performance of the PDC
| ayer by pFHG ﬁfiﬂg e g of the layer. However, a stiff, hard substrate

IS prone to cradbiregpvelhetheackstiygiaatfacdocambet derangédnsh ftare 12 of

t he substr | Ihterfac | h rj ing . layer. These
cracks eve%ﬁ’ﬁg\lé?ygg Fi gwtsg hégl g%g%ég?étﬁégs%%?rﬁg%ré‘%%% i gll%éatkﬁ'e
splitting &hetlfatsessasaneesied foy he stuttiag hia die accompid.ghedl. de t he

desired stiaAeISnaAN AT OLRBBLAS, t Ngnki fendfebie SRR E} NEtdkGly and for

enhancing 1ts cutting-performance, at least a stiff wafer and a tough wafer
are bondedSMFEAGER-t HRE SUBELPYPe SHFRRP DAYt Re SRTEY 30t FpisddiII® i f f
wafer is omafeade of samlageyof eashntwdféungsign kavdi derdwmrasg ¢f particle

size OT different shapeé.' B

The wafers can be made  of different grades of
cemented tungsten carbide. For example, a stiff (i.e.,
hard) substrate is desired to support the primary PDC
cutting layer so as to prevent breakage of the PDC layer.
A stiff support also enhances the cutting performance of
the PDC layer by preventing flexing of the layer. ”
However, a stiff, hard substrate is prone to cracking.
The cracks typically form at the cutting face 12 of the
substrate which interfaces with the primary PDC cutting
layer. These cracks'evenﬁually grow the length of the
substrate resulting in the splitting of the substrate and
failure of the cutter. |

To provide the desired stiffness for prolonging the
life of the PDC cutting layer and for enhancing its
cutting performance, at least a stiff wafer and a tough
wafer are bonded to form the substrate (body) of the
cutter. A typical stiff wafer is one made of a grade of
cemented tungsten carbide having a particle size of
3 microns and a cobalt content of approximately 13%. A
typical tougher wafer is one made of a grade of cemented
tungsten carbide having a particle size of 5 microns and
a cobalt content of approximately 14%.



3 mcrons and a cobalt content of approximately 13% A typical tougher
wafer is one made of a grade of cenented tungsten carbide having a particle
size of 5 mcrons and a cobalt content of approxinmately 14%

--10 - The stiffer cemented tungsten carbide wafer forns the top of
the cutter for supporting the primary dDDC cutting layer. The tougher .
cenented tungsten carbide wafer is bonded to the stiffer wafer to formthe

| ower portion of the cutter bod The stiffer wafer provides the desired
support to the BRE $bibt er'ﬂ‘r’é“ﬁ‘%l?d’nér““@@ﬁ@ﬁtﬁﬁrPErﬁﬁs‘t’%ﬁeEafr‘{ﬁ%t\%er whi ch

is not as aﬁpneft aheragktﬁg aart b&p@btrf:ﬁ.ﬁﬁ wfeﬁprﬁmawes]p@s c@t;trla@h 4 b
arrestor. us ack, t t hro t he er er. shou e
arrested 0183 SFy re e%o? §W§Pkﬁ§féﬁnﬁﬁiﬁﬂnﬁ?fkﬁ%%ewr FEur® of the
cutter. bondedi towkthe Begéﬁerappﬁeentwt Gorme tilei Lo poxtrdcer tof nul tiple.
| ayers of [ a of 0 tters

y ¥8k E'd%t%& %&Ka ‘iﬁ%‘;@t%f%%r %@%ﬂ'?ﬁfg&?dé%e@ﬁe Je%r P

tailored to the nd varying t cenente tungsten

car bi de, t FEPPOXk $Cr &8 FRGnIAYEE - onTWﬁe [FEpemd- e Sa st ®mnd t he

stress di sichrplideowatledndviiiteh Cilst Abtbagdy grnderOpeiratketdgSasatHeo yiel d a
cutter wrth & enhanced o%gratr ng life. In addition, gﬁ%h secondary cutting
surface maftidEFSr HBESFr oRFLYPPefBnt Grade P oretF Fond 148 oft iITRY t he

cutting ef ft&mrtenpyopagabescmhmugh theSl st fiflee gwaﬁees sloowbd doe t he

vl er s oan e UbkoSFPU At PBAShe BEEEH! IAAB/SHE A5 Sand O o0

wi thin such grooves w ull ness engt h.
Consequentﬁ?ll&gﬂ:mé &ipes cugterar ound a secondary cuttlng surface wears, a

cutting surfaceA%f it g0l i KeRdmé Rigpdass Wd bnel ¥RY$1BE Eﬁ%@%f@dum ng
the risk of racki ng_or breakage refer npodi nent of
Lhi's. | nven (I iRRe BHERE, Ofr BATUass Sradan af SR RR AP ER (Y desi gn.
The approadde flsed vt of EorhheuteerBt tanloted tolthe vask ararhm@ stmpes of
¥ oo e S, T B Rea"oE"cBRERDSA Vufybl RS il ae SRl bt erer
stress magnitude on the cutter may be decreased and the
stress distribution along the cutter body may be optimized
80 as to yield a cutter with an enhanced operating life.
In addition, each secondary cutting surface may be formed
from different grades of diamond to optimize the cutting
efficiency of the cutter.
Since the grooves formed on the wafers can have a
full depth at their onset, the cutting surfaces formed
. within such grooves will have a full thickness throughout
~ their length. Cohsequently, as the substrate around a
secondary cutting surface wears, a cutting surface of
significant thickness will always be exposed reducing the
risk of cutter cracking or breakage.
A preferred embodiment of this invention, therefore,
~provides a modular approach to cutter design. The
approach allows for the formation of a cutter with.various
shapes of secondary cutting surfaces, with secondéry
cutting surfaces of different diamond grades, and with
substrates of multiple grades of cemented tungsten
carbide, allowing for the optimization of the stress
distributionr within the dutter and for the vectoring of



substrates of nultiple grades of cenented tungsten carbide, allow ng for
the optim zation of the stress distribution within the dutter and for the
vect ori ng of cutting forces applied by the cutter which result
in enhanced cutter performance and life. In the preferred enbodi nent,
the wafers are stacked together, the grooves are conpacted with the
appropriate grade of dianond, and‘d}%ﬁﬁnd Is spread on the top end of the
upper nost wafer, formng an assenbly. The assenbly is then pressed together
under hi ghcumpegatm:eceﬂni gbplpeds shy e thgonauhgex hethisther sesvdet &y and
formng a EHhhﬁEeQOGYxtQQQ' §'e5}tf%&+n@191cfeh%n@1' angd to forma PDC layer in the
cutter body top_end con ar qg cutting surfaces on the grooyves.
After pressing, IPhER EaPE? %rﬁﬁ9 %‘ébﬁ HURBE ana é’ﬂ)ﬁc)"s‘l'%ga%ﬁj(ﬂ
port : ons Oftot_;hth&QQOItdl&F greauivbh s?g.x%urdoﬁq}%ﬁ:tted alﬂmit/)vtj‘trer @jhmpzechh txwtt:cng
In alternate t.he LS_ar | n t oget o form
the cutter gﬁ(‘?&‘? %cﬁe'&‘g‘bf%? I—ﬂawang.laﬁnﬁng toa° ﬁ?%ﬁe?g %’% drr?én%n hett waf ers
are br azed thegeppermosknga feny efvrmirag amtahi@@mblm i Theoassemzlvpigar ent to
one skille t t S e ft

%#33’ ;?r L.d ES Yehel Hﬁaeﬁ P actl r#&a?tm/r& rﬁﬁ]g of the

af orenent i S prlo or after the co and sinter
di anond naP&EiEguLen bﬁédgrleovleg wafens £iIadetheare apd Farpipg@ qrttery | ayer

may be sintRyRd am-:u @rin%ra.h@eEhbhalaﬁaelan600£ossheawmb@r§ayer in |thenot her
enbodi nent, the elna reep state prior to bonding with
The ot hor  (RHAGEE Bo0Y; £GP 8% HBISPREERAAGY oFDE v BEbf o wr FaFSs 9 suich a
case, the \mfeergrddwmel vzest@repseﬂtmngd dhei egrbieehardi rlga pfemasds or
Mventi on- 2vaqu er@eip 288K FARRSE Spariontn B BEH SRR Lt v
recogni ze rmvchh‘mgatsxmﬁgataaﬂj et iowtionenhanded ehetema. of the enbodi nent
di scl g;le?ngflr €l fn gn%iefﬁml GmbBAS HERRAArRhE Uirh EBY S WrleACE1 FRYs 16n €Nl Oyed

bonded together to form the cutter body such as by HIPing.

In yet a further embodiment the wafers are brazed together

using conventional methods. As it would be apparent to

one skilled in the art, the wafers may be bonded with any

of the aforementioned methods prior or after the

compacting and sintering of the diamond material in the

grooves. Similarly, the primary PDC cutting layer may be ~

sintered prior or after the bonding of the wafers. '

In another embodiment, the wafers used may be in a

green state prior to bonding with the other wafers or

prior to the sintering of the PDC niaterial. 1Is such a

case, the wafers themselves are sintered during the

bonding process or during the sintering of the PDC

process. '

Having now described the invention as required by the

patent statutes, those skilled in the art will recognize

modifications and substitutions to the elements of the

embodiment disclosed herein. For example, a secondary

cutting surface may be employed on a cylindrical compact

brazed to a cutter stud as used in some types of rock

bits. Such modifications and substitutions are within the

scope of the present invention as defined in the following

claims.
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12 - WHAT I S CLAIMED I S:
cylindrical body of cenented tungsten car bi de; a polycrystalline

a cutter stud as used in sone types of rock bits. Such
ons and substitutio ﬂ“ﬂmq Wi thin the scope of the present

as defined in the f lm’lu‘"ﬁwunter conpri sing:

di anond conposite |ayer on one end faiﬁ of the cylindrical body;
%Hing y : & art from tfie pol ycrystal line di anond conposite
oF@@g at-Pi*ne di anond in the groove. 2. A PDC

groove in
| ayer; and
cutter as
di anond

| ayer.
extends ar

A PDC cutter asgf een.yeéylseaqtteh@ alamehBEéoﬁeapttél Teyér r&xw&té teﬁcpf
polycrystalllne di anond ext endi ng bet ween t he | ayer

ﬁépchfs C¥e 1oxdeRd Pedite gr oove. 5. A PDC cutter
recited in cla|ﬁlZgMaavartiﬂmagm@ovpo@yd pphyeayshphhtneﬂﬁdmnnuhértthe

fingers of
and t he

groove hav
t he group
a band ext

recited in claiml wherein the groove and pol ycrystalline

'engbr%ﬂ@E%&e%%h@kh% endlng band parallel to the

”n claim2 wherein the band

are
utter as re

ound én r:ylanémltcaén beldyt ké cementedr svagssen rarbide ;

as

h he gyl indrice f he body sel d f
BelaRdiiis e iRy sk s davd eIl |y ar ound the boty,

endi ngpodivoysteddnmealdipmead in the groove.

2. A PDC cutter as recited in claim 1 wherein the
groove  and polycrystalline diamond are in a
circumferentially extending band parallel to the layer.

3. A PDC cutter as recited in claim 2 wherein the

band extends around only a portion of the circumference of
the body.

4, A PDC cutter as recited in claim 2 further

comprising a plurality of fingers of polycrystalline

diamond extending between the layer and. ‘the”

polycrystalline diamond in the groove.

. 5. A PDC cutter as recited in claim 2 wherein the
groove and polycrystalline diamond in the groove have a
shape on the cylindrical surface of the body selected from
the group consisting of a ring'extending,circumferentially
around the body, a band extending circumferentially part
way around the body, finger-like shapes extending

.longitudinally on the body, a plurality of dots, a cross,

a triangle, and a rectangle and combinations thereof.

6. A cylindrical PDC cutter having a cutting face
and an outer surface and comprising a PDC layer forming a
primary cutting surface and a secondary non—abuttiﬁg PDC
cutting surface.



way around the body, finger-Ilike shapes extending longitudinally on the
body, a plurality of dots, a cross, a triangle, and a rectangle and

conbi nati ons t hereof. 6. A cylindrical PDC cutter having a cutting
face and an outer surface and conprising a.PDCDICﬂm!&‘"muumwmmr mar y
cutting surface and a secondary non-abutting P 8 :

- 13 - 7. A PDC cutter as recttd-n claimb6 erei n tfhe Secondary
cutting, surface conprises a ring-shaped PDC strip on the outer surface of
the PDC cutter HararBePDFoCPﬁéeﬁrﬁﬁaﬁFQHHﬁﬁ g Sdeigcé wherein ghe o ppc

cutter as eeeon@driyn Ghtet h$ WheTeide tEempPsss ! iap PaGSsRapy¥da gt tion of
the PDC cutter, circ

. er ence. 9.. AP utter as recited in claim?2
further coffpFritsi R§ ?’T‘fﬁl QREET: PUSEass OF ﬁ’teaﬁﬁcﬁé:uﬁ%ﬁd"elpﬂlﬁa@& Strips
si ntered ptheepdiicalryr lcpthdngesuriflaeepri mary and secondary cutting surfaces
form ng additional cutting surfaces. 10. A PDC cutter as recited in
claim6 wherein the secondary cutting surface conprises a circular PDC
surface formed &n thé& PDC suwtiter aa areciiefdhda claim 6 whereArPibeutter as
tecited inpgcai B34 ,COoEPELS ”9n§yp| Hf abbf’ﬁﬂaﬁy &f GR&ulmic PG, | ng

surfaces on the PDC cutfer outer  surf.ace.
circumference.

9. A PDC cutter as recited in claim 2 further
comprising a plurality of polycrystalline finger-like PDC
strips: sintered perpendicularly between the primary and
secondary cutting surfaces forming additional cutting
surfaces.

10. A PDC cutter as recited in claim 6 wherein the
secondary cutting surface comprises a circular PDC surface
formed on the PDC cutter outer surface.

11. A PDC cutter as recited in claim 10 comprising
a pluraltty of circular PDC cutting surfaces on the PDC ”
cutter outer surface.

12. A PDC cutter as recited in claim 6 wherein the
secondary cutting surface comprises a triangular PDC
surface formed on the PDC cutter outer surface.

13. A PDC cutter as recited in claim 6 wherein the
secondary cutting surface comprises a rectangular PDC
surface formed on the PDC cutter outer surface.

14. A PDC cutter as recited in claim 6 wherein a
secondary cutting surface comprises a cross-shaped PDC
surface formed on the PDC cutter outer surface.



12. A PDC cutter as recited in claim6 wherein the secondary cutting
surface conprises a triangular PDC surface formed on the PDC cutter outer
surface. 13. A PDC cutter as recited in clarm6 whereinm the

secondary cutting surface conprises a rectangul q’mmmllﬂﬂﬂ"{ med on the
PDC cutter outer surface. 14. A PDC cutt | aim 6
wherein a secondary cutting surface-cbdptri ses a ct os- éhaﬁedsPDC surface

formed-on the PDC cutter outer surface.
- 14- 15. AlPDC &utRRG ewkterdrpaitPdi fne %w i 6 ﬁgmﬁrasansl idy of

finger-1li kglﬁ%la%or&arﬂn%pmesumﬁ@csécaﬁaa%%e@ulceaagt Wirrldes on the
outer surface of the PDC cuiter tter as recited in-:

clai m 6 wh@r&RRIeRe Jﬁ‘at,ldtyi Ty SR fALERT aPBTHEAFEI PE tHE RN ot her
and perpendiutitlear. to the primary cutting surface. 17. A PDC cutter
having a cylindrical cutter body conprising a plurality of PDC cutting

surfaces forned on the cutter body, wherein at least two of the cutting

surfaces are nori-6abuth iBR§ cutter ak8 refidresy i tcleumpré wWheredmltheal ity of
cylindrical mgﬁﬁi ] v, t ces,
wherein the PDC cuttg}lgﬁgrgelgﬁgg%?g% Qcﬁsy%}?égu?gré%%%y&%é&fg%é@a :
portion of ReFReNBCWE AL &e ithe lRﬁlr‘F&‘ré’h A ing sufasgosed, wherein each
PDC cutter conprises

17. A PDC cutter having a cylindrical cutter body
‘comprising a plurality of PDC cutting surfaces formed on
' the cutter body, wherein at least two of the cutting
‘surfaces are non-abutting.

18. A drag bit comprising a plurality of cylindrical
cemented tungsten carbide PDC cutters having two end
faces, wherein the PDC cutters are inserted on the bit
outer body so that a portion of each PDC cutter including
an end face is exposed, wherein each PDC cutter comprises
a primary PDC cutting surface on the exposed end face and
a secondary PDC cutting surface formed on a groove on the ~
exposed portion of the cutter body, wherein the secondary
cutting surface is spaced apart from the primary cutting
surface.

19. A drag bit as recited in claim 18 wherein the
secondary cutting surface of each PDC cutter can have a
shape selected from the group consisting of a ring
extending circumferentially around the body, a band
extending circumferentially part way ‘around the body,
finger-like shapes extending longitudinally on the body,
a plurality of dots, a cross, a triangle, and rectangle
and combinations thereof.



a primary PDC cutting surface on the exposed end face and a secondary PDC
cutting surface fornmed on a groove on the exposed portion of the cutter
body, wherein the secondary cutting surface is spaced apart fromthe
primary cutting surface. 19. A drag bit aS recitedinectarm-18
wherein the secondary cutting surface of each PDC Hm shape
selected fromthe group consisting ef1a fing exten mmm:mmg"gl ally
around the body, a band extending circuynferentially*paft Wway arsound t he
body, finger-1i k8- -shBp8PCeMERGINGOMBRGSL®Giinal |y on the body, a plurality
of dots, a crosa, celindgnght, bodyd coapabglRg ol Tendrt Nadd APrmaddreoFof .

20. A PDC cutte onpri sing: .a _cyli.,ndcical dy conprising at |east two
gr ades of EEM Htgg tuH&EF&ﬁ nggﬁgg éﬁg an gﬁﬁ'%%féf a polycrystalline -
di anond | ayer om todyemystadd iofe tdieamyid nhkyeml omotihe end facgradve in the
body; and the RAi%EEYSHA! WoR§ ,di anond in the groove. 21. Acutter
as recited in chfaim 20 whereifn the groove has a shape selected fromthe
group consi sting SECE iy Eheedpodyis andquares, curves and skewed arcs.

22. A cutter aspoAgichr§étial1Ghd Bidhonderiel kha igrcdvedr ade of cemented
carbide is | ocated nearest the polycrystalline dianond | ayer and wherein
the first grade of cenented carbide is stiffer than a second grade of

cenent ed carbi delr.endt ecittosrt he pagidredt dhl olaidi a2®nédhkeagdn. the

groove has a shape selected from the group consisting of

- and inverted "V'"s, squares, curves and skewed arcs.

22. A cutter as recited in claim 20 wherein a first
grade of cemented carbide is located nearest the -
polycrystalline diamond layer and wherein the first grade
of cemented carbide is =stiffer than a second grade of
cemented carbide remote from the polycrystalline diamond
layer.

23. A cutter as recited in claim 22 wherein the
second grade of cemented carbide is tougher than the first ~
grade of cemented carbide.

24, A cutter as recited in claim 22 wherein the
first grade of cemented carbide has a particle size of 3
microns and a cobalt content of approximately 13%

25. A cutter as recited in claim 22 wherein the
second grade of cemented carbide has a particle size of 5

microns and a cobalt content of approximately 14%.

26. A cutter as recited in claim 20 comprising a
plurality of grooves packed with polycrystalline diamond,
wherein the grade of diamond in a first groove 1is

different from the grade of diamond in a second groove.

-16§-



23. A cutter as recited in claim22 wherein the second grade of cenented
carbide is tougher than the first grade of cenented carbi de. 24. A -
cutter as recited in claim?22 wherein the first grade of cenented carbide
has a particle size of 3 mcrons and a cobalt conrtent—of approximately 13%
25. A cutter as recited in claim22 wherein the se nt ed
carbide has a particle size of 5 mecrees-and a cobﬁ“}ﬂ%ﬁﬂﬁgﬂwgﬂr
approximately 14% 26. A cutter as recited ¥n «lal Muw20s rising a
plurality of gr@dvesAp&PReguitel gomprigingl:line di anond, wherein the grade
of diamond in agfikatnghaRua ighdl fé&ﬁ[%pfs{r{@raé hgegsadewel cdaaiend in a
second groove. . 27 AP cutter conpri sing: a

cyl i ndri caFYBéagrisadr iwaiRF st Oof esemephSdc FANIFL Y| FRAEPIHES BREGSSs of
cenent ed t uagetpergar bi de bonded toget her; a polycrystalline di anond
conposite layer _on an end face of @ first wafer .of genented tungsten

car bi de; a%gPe griyﬁtéﬁgéﬁ’t?nfléé‘mp gSPEP"&w%& &YRAr &7 ﬁi’r%é’é’ﬁ and
pol ycr yst alfbicee odi amfridsitn walfergodovemented tud§sthncueixdyides recited in

claim27 wherein t %og(,g_ovg spgnscé@%qéﬁgegt&ﬁséé}? Ve Hide waferrd A

cutter as recited claim 37 wher el
surface; and

polycrystalline diamond .in the groove.

28. A cutter as recited in claim 27 wherein the
groove spans the length of the wafer.

29. A cutter as recited in claim 27 wherein the
first wafer is stiffer than a second wafer.

30. A cutter as recited in'claim 27 wherein a second
wafer is tougher than the first wafer.

31. A cutter as recited in claim 27 wherein the
. first wafer of cemented carbide has a particle size of -
3 microns and a cobalt content of approximately 13%

32. A cutter as recited in claim 27 wherein a second
wafer of cemented carbide has a particle size of 5 microns
and a cobalt content of approximately 14%.

33. A cutter as recited in claim 27 comprising a
plurality of grooves packed with polycrystalline diamond,
wherein the grade of diamond in a first groove is

different from the grade of diamond in a second groove.

34. A cutter as recited in claim 27 wherein the
groove has a shape selected from the group consisting of

inverted “V%s, squares, curves and skewed arcs.



ffrst wafer is stiffer than a second wafer. _ 30. A cutter as recited
in claim27 wherein a second wafer is tougher than the first wafer.
31. Acutter as recited in claim27 wherein the-first_wafer of cenented

carbide has a particle size of 3 mcrons and a ¢

approxi mately 13%. 32. A cutter as reci ted m‘“H !'m '“MFI n a
second wafer of cenmented carbide hagya particle snzeco m Cd O and a
cobalt content of approxinmately 14% 33. Acutter as recited in

claim 27 conpri gisng a fkdhali £yr HoiQRY &S PDECKEE: ¥4 tdbmit My trald | ne
di anond, V\hg?_l’ﬁ‘ln the grade of dianond in a first groove is different from
t he grade E'aﬁﬁnd I n a second groove. 34. A cutter as recited in

cl aim 27 wher ei foirimd.ngy cav @livasld tyhapé s:elnemt@«ﬂ ftmrgshengrcmrpbmimm sting

- of inverte ryes, an
Pt O Charla® VST BULET LATORRELE, S facen 1and 2o AW of
formng a mhﬁrahettw%m.c@mh é@f@;hgzﬁ‘)@mg:@r Biedgtlef ers having a pair of

opposite end fa@%&m%ﬂ@f%tﬁ%ﬁb&@e{ﬁbﬁtE@%Eum@é?@n@@ﬁ@rsh%¥h&& 1 epat h;
formng a groove in acircunferential surface of a wafer; bondi ng t he

wafers to Yt her at their end faces forming a cutter body wherein one
of the wafer entdritiesy fdiewvdfeareWd evadiod iy ey e ity igi@ efbdsice; and

forming a cutter body wherein one of the wafer end faces
forms the cutter body primary cutting end face; and

bonding polycrystalline diamond in the groove for
forming a secondary cutting surface.

36. A method as recited in claim 35 wherein the step
of bonding polycrystalline diamond in the groove comprises
the steps of: _

compacting diamond particles in the groove; and

pressing the wafer with diamond particles in a high
‘temperature high pressure ©press for forming a
polycrystailine diamond cutting surface.

37. A mwmethod as recited in claim 35 further
comprising the step of bonding a layer of polycrystalline
diamond on the body primary cutting end face for forming
a primary cutting surface.

38. A method as recited in claim 37 wherein the step
of bonding a layer comprises the step of bonding a layer
of polycrystalline diamond on end face of a wafer prior to
the step of bonding the wafers.



bending‘polycrystalline di anond in the groove for formng a secondary

- cutting surface. 36. A nethod as recited in claim35 wherein the
step of bonding polycrystalline diampnd in the groove conprises—the steps

of : conpacting dianond particles in the grooi i ng the
wafer with dianond particles in a high tenperatur ﬂ""’ﬂﬂ""’“"ﬂ[ﬂm press
for formng a polycrystalline dlanﬂhh-cuttlng surf cet

nmet hod as recited in claim35 further conprising the step of bondlng a

| ayer of pol ycr$8tal hi metdicshoas eecitedoody ghedar3Tuvhengiandheace for

formng a geikper beCBEhaE‘ﬁgSthe%%1ycrysta15’1§neAd'I%¥nB9&h ahd Bodthg n claim
37 wherein the step of bondin yelf caonprises the step of bondi'ng a

| ayer of p&P?cW?§?§IFPWErdF§ngH& §ﬁe€ﬁd°¢a0e of a wafer prior to the step

of bonding the W@hph&tlng diamond particles in the groove; aﬁﬁ 39.
A nmethod as recited ere N t he ste ondi n

pol ycrystal | i neP Efgﬁhﬁg gﬁ& Bﬁgﬁfﬁga? f%ﬁmQ:$ﬁ§$ R t%ﬁ)
conpact i nggtoavendirpaat indlgks tmpdsueagnmyehlghd pressxpreespregst rfem/vaf ers

and the cOPBaGLAY o ATRLIN bhg, SABE L. A1V Sl LEUPELAL U Ao

pressure press ormng a cu ody w yCrys al 17156 a1 amond
cutting suFP&@éthsvﬁéa&ﬁoGWethe groovgy., A nethod as recited in cIa|n139

wherein the pressing step further conprlses the step of S|nultaneously

ressing ala er of dlannnd terlal i ed t t.he waf
P 9 y metho as re01 A e alm 39 w erein the

pressing step further comprises the step of simultaneously
pressing a layer of diamond material applied to the wafer
end forming the body primary eutting end face for forming
a primary diamond cutting surface on the PDC cutter body.

41. A method as recited in claim 35 wherein the step
of forming a groove comprises the step of forming a groove
that spans the length of the wafer.

42. A method as recite in claim 35 wherein the step
of forming a groove further comprises the step of forming
another groove on a wafer and wherein the bonding step
comprises the step of bonding a first grade of diamond in

. one groove and bonding a second grade of diamond in the
other groove.

43. A method as recited in claim 35 wherein the
step of forming a groove comprises the step of a forming
a groove on at least two wafers.

44. A method as recited in ‘claim 43 wherein the
bonding the wafers Step further comprises the step of
helically orienting the grooves relative to each other
prior to bonding. |



end form ng the body primary cutting end face for formng a primary di anond
cutting surface on the PDC cutter body. 41. A nethod as recited in
claim 35 wherein the step of formng a groove conprises thée step of form ng
a groove that spans the length of the. wafer. “"]ms m @M’Lﬂn recite
in claim35 wherein the step of formng a groove f the step
of formi ng anot her groove on a wafer dBd-wherein t he bbndi st®ep*conpri ses
the step of bonding a first grade of dianond in one groove and bonding a
second grade of¢3di afondrethadhe ast hetegrtshe.in  claim3 .35 A Ry as

recited i RdrpdiBidRy WHY etRp! Be ?ﬂﬁalﬁﬁ B%B}:ﬂﬂoﬁ 8f ONE Qﬁm{dé&s the
step of a for mtnrﬁ%igz roove on af |l east two wafers 44, A net hod as

recited i FYS8 REpEd 56}?d|§?§qqu%f‘§%tst’s‘%%pg‘f{ﬁ§%rt%onprl ses
the step afxpdid i anl ladditiienalngodheign ovfesthiel seicondaayeanhcoimer prior
to bondi ng, -19 - 45. A nethod as
recited in cﬁalm35 further conprising t he step of grinding a portion of
the cenented tungsten carbi de around the secondary cutting surface to
expose an additional portion of the secondary cutting surface.




