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PCT/ US98/ 11789 -1- CLAW TOOTH ROTARY BI T Background of the Invention Field
of the I nvgpt}ngt{% The present invention relates generally g&qnidigiize®t h

st ruct ur eV§P? Z\ry bits used 5 to bore through earthen formations. Mre
specifically. the present invention relatgs to a new and inproved tooth
design for rotary bits in which dissimlar naterials are conbined to
enhance the durability and pen ' oy a rotary drill bit.
Description of the Prior Art Tﬁéei‘gg%?grgggﬁ%%&% on of rotary bit teeth
have under gone evol uti onary 10 changes that have significantly inproved

the life and penetration rates (C)ﬁqi}otary dril]l bits. Tooth contour, hard
facing, tooth positioning, and dr3ssronndof theInveption ¢ materi al
conposition, and other variabl es have been adjusted in small increnents

that have frecfislofithe Iventiens i n significant inprovenents in bit

per for mance. Advan ' ral l. e i ossichle to create
and physically corrt)o?%rﬁl"elJ r{F:rkwseftue"rnl'‘%1l Jgﬂ’ %atéa}a%\/évﬁef%ég tﬂ%ggthﬁ?ré‘%’guosf ltx)*éltmar(%tg Pf)eﬁe.
resul ting ih swnere tesughreanidn formarons Vo dpedificalliiahglipresdnt invéntion fedates to
performance characteristics of the bit. Significant q’lrrtﬁ i_nprovement was
recogni zed wi t%“?ﬁear}anBQiiﬁét‘P dopiza fpeFoay i 48  HY© ’t‘%ﬁ.’ﬂ"’éfl E?‘e%%%hreas

pol ycrystal | i ngshiQg entaARAE buibiliyGha %traﬁ%’caﬁ&ﬂ?iﬁy@?ﬂdt&ghﬁf?ﬁﬁu the

i mproved design or construction is accofrpanied by 20° a significantly

I ncreased cost that cannot be justified based on the |evel or nature of the
| mprovenents t ai.ned. ch situations, it may be | ess expensive to

repl ace a worn ﬁ??ﬁ?ﬂ&iﬁ‘éﬁﬁ‘?ﬁg‘dri Iling time than it is to enploy a

better perform ng, thetddsighand@6inpysition of rotary bit teeth have undergone evolutionary

10 changes that have significantly improved the life and penetration rates of rotary drill bits.

Tooth contour, hard facing, tooth positioning, and orientation on the bit, material
composition, and other variables have been adjusted in small increments that have
frequently resulted in significant improwaménts in bit performance. Advanc;es n
~ metallurgy have also made it possible to create and physically combine materials in a way
15 not previously possible, resulting in sometimes dramatic improvement in the durability
and performance characteristics of the bit. Significant bit improvement was recognized
with the introduction of superhard facing materials. such as polycrystalline diamond
compact structures.

For some applications, the improved design or construction is accompanied by
20  a significantly increased cost that cannot be justified based on the level or nature of the
improvements obtained. In such situations, it may be less expensive to replace a worn
bit or extend the drilling time than it is to employ a better performing, but more costly,
bit. Accordingly, the importance of design and material changes that produce improved
rate of penetration and bit life must be measured against the cost of building a bit

25 incorporating the changes.
It is recognized in the prior art that spalling and chipping of superhard cutter
facings can be reduced by rounding or chamfering the edges of the facings. See, for
example, U. S. Patent No. 5,437,343 to Cooley, et al.,, which describes specific chamfer



bit. Atcor'dingly,-#he inportance of design and material changes that-
produce tnproved rate of penetration and bit life nmust be neasured agai hst.
the cost of building a bit 25 i ncorporating the changes. It is recognized
in the pmaesnséer t hat spalling and chipping of superhar PRI BAci ngs can
be reduced by rounding or chanfering the edges of the facings. See, for
example, U S. Patent No. 5,437,343 to Cdoley, et al., which describes
speci fic chanfer configurations that are machined on a cutting el ement
to provide i nEPHINEGORs Hat arednachined o8 7o eutting elpmend te Grovidsoinereased fracrate
reinforcing thgilayer of superhard material with a suitable underlying
tooth material can also inprove the fracture resistance of the 5

superhard materi al It iSedsp recogniezed nipt geinfdrGng Betleyt ofaupefhatd hatesidl vah a

Bovenkerk that .describes various sypport bodies for bit cutting el enments
havi ng over| yFWb‘%ﬁa\Wiﬁ : értf’%lg W‘%‘Eﬁ’ﬁg“ﬁ‘ aﬁ‘?e’é‘@“ﬁ"&n‘?‘? Jaewrg Gristaness af thes rom
the use of SSpeé(}ﬂeﬂlar& MdraRt SQN) fér%i&ﬁ*)ﬁ,“@.%. PareftN6. Y4, 1096737 40 HohatiEn®ier | al
in a controlled pattern to a specially shaped support body. The prior art

has al so di scHesedes yanensisepppridfodies fardatsutting eloonuts haying perlying bard sawtengt 10

material to agphit | t , nt | am, nat | f. .the. facing nmaterial .
See, for ex anﬁﬂ"%&u@g"ﬁg[’@%‘{%‘ﬁg Fes&fé%ﬁf ?ﬁgset ?c))fn A ifgbné“%%mi,e %L‘?ﬁl“%‘at? to
Dyer. Both of appipte shpdrhd magdrialibS cdheélledipandrd &ea §pecialyoshematsusforibody wear

producing nmultiple cutting edges. in the cutting elenent that 1s attached to
a supporting body @?E&’FF‘?B‘?‘S.H%THECIBW?WH&‘M thogp for handing wprigardifegnt ar e
formed asjphe gl tH‘a'bﬁrinsQ{iR@ F}e%%]r?t dl:ﬂmirﬁﬁoﬁ%‘tﬁé ﬁ&ngh‘%ﬁm SEé G aipidear
away 15 during usage. Al'l of the previously cited prior art patehts
rel ate to cut Uh@aeecids. 4784073 ¢t Dennis and 4,972,637 to Dyer. Both of these latter patents

also disclose the concept of bit wear producing multiple cutting edges in the cutting

element that is attached to a supporting body or carrier. The cutting edges of the cuning
element are formed as the dissimilar materials in the cutting element unevenly wear away

15  during usage. All of the previously cited prior art patents relate to cutting teeth in which
special cutting surfaces are mounted on a supporting stud or other carrier element where

| the stud or carrier element is not' intended as a normal part of the cutting surface of the

bit. In these prior art designs, the bit life is essentially exhausted when the cutting

surfaces wear to the supporting carrier.

20 Summary of the Invention
Some or all of the cutting elements of a conventional bit are provided with layers
of hard material in a defined pattern that extends substantially through the entire body of
the cutting element. In the layered elements, the layers of hard material extend away
from the bit body and are spaced laterally from each other by layers of softer bit material.
25  Normal bit rotation through the formation eventually wears away the hard material to
gradually expose the layered soft and hard materials. The hard material thus protects the
softer metal core of the tooth when wear begins at the crest of the tooth. Moreover,
because the hard material wears at a rate that is slower than the main cutter body material,
alternating grooves and ridges are formed in the cutting profile of the cutter. The wearing
30  away process also has the effect of chamfering the edges of the hard material. The close



speci al ‘cutti ng surfaces are nmounted on a supporting stud or other carrier
el enent where the stud or carrier elenent is not intended as a normal part
of the cutting surface of the bit. In these prior art desb&?/%sst/ ggbit life
i s essent |"éﬂ’P§°ﬁé§<7hausted when the cutting surfaces wear to the support| ng
carrier. mmary of the Invention Sone or
all of the cutting elenents of a conventiohal bit are provided with | ayers

f hard mat t hat. ext.end tially th h
Che entire. bocyier sFES AT o Bt bifuuéedl Hofh e bl e bitd e pioisdt Sye s
of hard materi atruextfsler@ify the R tdyer :lalftmm%saﬂgam W&d&@t&r R Y

fromeach other by l|layers of softer bit materi al Normal bi't rotation

t hrough the fordyaisisehstag Whtwgme\ﬁéblmtmﬁthqwgemmpmmg@w ofshgemunal | y

expose the |ay t hal rial thus protects
the softer g{ﬁ@oﬁﬁ ?ﬁﬁé@é‘&eh@& I&ﬁm{[%ta? 13{55%?%3 crest of the

t ﬁOt h. hI\/br e6ver be@hei it delsign h:ﬁnhbi pntselmt ma»lenmapsrsvlaés Bnge&tte?jﬂml‘lﬂ‘(éj ahd wsdtower
than the main cutter materi.al , alternatin grooves ri.dges are
formed in the (& %g "'g‘f‘%f pMeePHHoYldly benefigial inr C'Wé’&?ll H@ﬁ% Hidcess
al so has the efhRgkopid forHadher i Ng the edges of the hard materi aI The cl ose
-3- lateral support of the softer bit material along the side of the hard
mat eri al provi des sir ane embdirmant eﬁgmhnweotiamedjmmebtam progided with differieg i st

fracturing. By end vers, substant i al h the full
| engt hs of theP géé gpfgﬁteﬁgﬁ{na?etr%l an% SQ‘P §°8?° Iﬂaéc a:%? &l}a{ 8§eg' tf'névvée&r and
the effectilge @utternnig adpodgt Reet is tdiferén@OTM a ipfeférisdl AR Atle adacent patterns fofe bi t

design of the present invention provides |longer tooth |ife and tooth
complements to each other so that the wear groove of one tooth is in the same relative

position as the wear crest in an adjacent tooth. In such a configuration, as the bit is
rotated, the crest of a cutter is randomly forced into engagement with the crest of a
formation cut by one or more preceding teeth so that maximum cutting interference

15  occurs between the rotating bit and the formation, resulting in an increased rate of
penetration.

In another embodiment of the invention, adjacent teeth are provided with the
same pattern of hard and soft materials extending substantially through the full length of
the cutter element. Even though adjacent teeth develop similar wear patterns,

20  interference between cutter profiles and formation cuts is also enhanced since adjacent
teeth in the bit cone traverse different paths as they roll or drag against the formation.

Another embodiment of the invention alternates layered teeth with standard,
hardsurfaced teeth to form yet another pattern of cutter profiles that also seeks to
optimize interference with the profile of the cutaway formation.

25 Selection of the tooth arrangement to provide the best bit performance may be
dictated by the type of formation to be bored. Thus, for certain formations, a tooth
configuration in which layered materials in the teeth produce complementary wear
patterns in adjacent teeth may optimize bit life or rate of penetration, or both. In other
formations, a bit having normal bit teeth alternating with wear patterned teeth or a bit

30 employing only a single pattern of alternating hard and soft material may produce

superior results.



integrity, *which are particularly beneficial in directional drilling -and
drilling in anisotropic formations. |In one enbodi nent of the invention,
adj acent teeth are provided with differing patterns of softer bit material
and superWwaygnessrt er material so that the resulting wear PCRUSIHESRrn in
adj acent teeth is different. In a preferred form the adjacent patterns
form conpl enents to each other so that thé4 wear groove of one tooth is in
the sane relative position as the wear crest in an adjacent tooth. In such
a configuration. asFreméhedpregoing,iowilitbedppretisted thasin aiffechofthe pnescnt véntioslon y
forced into e he est of a formati,on i one or nore
precedi ng teetﬁqggg&ﬁ %E?M%?W%WWF%P?@F@“@? A @pYeEdeen
the rotating biobthosedstietiod radRithslRhed; ESuvedtions bitledgn.i NCreased rate of
penetration. In another enbodi ment of the invention, adjacent teeth are
provi ded with the siwélwﬁabp@rqﬂthﬁmmn@nmelempbycwpetmnaltsttemm@nmﬂaym

substantialdy ggt;ev\%%ggés]}qené wa’!#“"\hﬁg%‘ga %n&aggc cutter elenment. Even 'though

adj acent teeth erns i nterference between
cutter profiles andtilbaodi: dneauf&mmmtxsmmﬂmbaﬁmﬂddmbﬁ%dﬁﬁﬁknﬂ@ﬂ hin
the bit cone traverse di falflr@ﬁent oquhs as th roll drag agai nst the
formation. AnciHRECOBYTHER BRI} %Sn‘oélr? er?é‘t‘@gml" Wokflesigat h

with standard, thwﬁﬂéf&%@rﬁ@@ﬁﬁn&t&ngﬂmﬁf@rofé‘%gﬁfonﬁ%ﬁttern of cutter
profiles that al so seeks to optimze interference wth the profile of the

cut away formati on. ‘é@sanother Obvcct oBéisetmmmnmtfo prénadet wﬁwhanfcangbnmngnm

provide th ma. be d| tate the t f mat i on
to be bore T%Brgd‘% ce ? qué? ﬂug’ﬁléar gla?B‘gf Hx%rgﬂ@}eaﬁﬁgta%gﬁoqt whi ch
| ayered material s ifn hﬁ@rtameéﬁkqaro@wc;ﬁe@ﬁmlvaﬁﬁﬂt@fopré aftt foBthN@at i§

adj acent teeth may optimze bit life or rate of penetratiogn, or both. In

ot her for mati off@strugtegiof dissimilargatarialniayered togﬁté@tthroagla ibstantially thejenvire ipath
patterned teet ok 1&inktehse the bit life.

A related object bf the invention is provide a bit tooth design in which softer bit
15 tooth material adjacent superhard material pfovidés lateral support to the superhard
material throughout the wear life of the tooth to minimize fracturing of the superhard
material. |
Another object of the invention is to make a bit in which adjacent teeth are
constructed with different patterns of adjoined dissimilar materials to produce different
20 tooth profiles as the teeth wear whereby the crests of the earthen formation left in the cut
of one tooth are randomly engaged by the crest of another tooth on succeeding teeth to
optimize bit penetration.
Yet another object of the present invention is to provide a bit in which adjacent
teeth follow different paths through the formation and have similar patterns of adjoined
25 dissimilar materials extending substantially through the tooth bodies whereby similar
wear patterns of multiple crests and valleys are formed in adjacent teeth.
It is also an object of the present invention to alternate normal, hardsurfaced,
homogeneous bit teeth with teeth formed of dissimilar materials layered together through
substantially the entire tooth profile to produce a formation contact surface as the bit teeth

30 wear that optimizes interference between the bit and the formation as the bit is rotated.



30 enpl Qyiang only a single pattern of alternating hard and soft materi al
may produce superior results. -4- Fromthe foregoing, it wll be

appreci ated t an object of the present inventionis to ' |y
build a biwoﬁ%%ﬁﬁb i mproved penetration and |ife using anp?:?rg'{rggé\zielg@t oot h
construction in an established, conventional bit design. Another object of
the invention is to enploy conventional bit tooth nmaterials in 5 a novel
arrangenment to inpr hdl flREkf 0% ' ' this.

i nvention is to corrbqiﬁ%gqg?s& rg%@%ﬁﬁu{r%%d ar?g?{e?&réggf)g&gg%%égmg%ﬁvé’ﬁt“%nal
material conbi Meeagnetappirerit domghe folipwiog dedeription,i wigrein/ eferénoe istinade 36 g8 fighres can
I ncrease the r%‘tbﬁ’ of oDenet.ra lon and life of a conventional bit. Yet

anot her obj ect CARTUTRIARA P28 ESs to provi de a self-chanfering bit design
that 10 can reduce spalling and chipping in superhard materials

I ncorporated into a bit tooth. An inportant object of the present invention
is to provide a bit tooth that Brefddescription eftheDrawings ni |l ar material s

| ayered together th 1 I.all he entire tooth profile to increase
thocbit 111a A rel Sad i BREAph R, bokO nP HhARF bnfRirier et at

desi gn in whi clpaserhs ef habd andlsoft marerial In axRdREdNA bt Bxdkipgegnt superhard nateri al
provi des | ateral su%)ﬁort_ to. the superhard material throughout the wear life
of the tooth to mi nittR 2dS f Vg Pl do 5ie. 1 Hlusteaiing theavenr pattesn phihe togth ses of

obj ect of the igygntion is to make a bit in which adjacent teeth are

Fig. 3 is a perspective view of a portion of a rotary bit equipped with the claw
10 tooth design of the present invention;
Fig. 4 1s a vertical section, partially broken away, illustrating adjacent cylindrical
insert teeth having complementary geometric hard and softer metal patterns:
Fig. 5 is a horizontal section taken along 5-5 of Fig. 1 illustrating the softer
material pattern contained within the harder material pattern of the cylindrical insert;
15 Fig. 6 is a schematic representation of alternating layered composite material teeth
" and conventional homo geneous material teeth;
Fig. 7 is a view similar to Fig. 6 illustrating the wear pattern of the tooth set of
Fig. 6;
Fig. 8 is a schematic representation of adjacent bit teeth having similar layered
20  composite material configurations; and
Fig. 9 is a view similar to Fig. 8 illustrating the wear pattern of the tooth set of
Fig. 8.

.Detailed Description of the Prefe'rred Embodiments
Fig. 1 illustrates a pair of adjacent teeth indicated generally at 10 and 11 that may
25  be employed, for example, on a conventional rolling cone rock bit. Such a cone is
schematically illustrated in Fig. 3.
The tooth 10 is constructed of a main body section 12 and a harder material
section 13. The tooth 11 is similarly constructed with a main body section 14 and a

harder material section 15. The main body 12 includes radially extending tooth body



constructed with different patterns of adjoined dissimlar materials to
produce different 20 tooth profiles as the teeth wear whereby the crests.
of the earthen formation left in the cut of one tooth are randorﬂg/ engaged
by the crestespéssmnot her tooth on succeeding teeth to opt PETASE1ITEY
penetration. Yet another object of the present invention is to provide a
bit in which adjacent teeth follow differént paths through the formation
and have simlar patterns _of adjoined 25 dissimlar material s extending
substantial |y tasHensgé, 1hand &%t Gompleinersaryiredialyextrinding sectinssof hasiet mawsialof

mul tiple crest far [ | ac teeth It . is, al an
obj eclto of the ggr’gg’%ﬁliﬁli %\%éﬁotvl%rg%o? giegﬁ"a&arlﬂ'a gé WS&%H?E‘F.%F‘B%RPF? 3’6‘86?38]3'
honobgeneous bi exuéneling imaii tolly seetind 23 @1dPBdha hretiesmbwit h&h{)l@ﬁéﬁ& toMabd mavgsred
t oget her through, ubstantlalldg/the entire tooth profile to produce a

formati on cont SXempslb@d Rofghatoetedfh 30  wear that optini zes

| nterf erence bet wees iienbliadf vill e dprRledthe ¥ il bbly patiEr bl Gt VIO

PCT/ US98/ 1178910 ¢raspsisedrod theisedtives 1617 cand 8 fliredibnsras 2, geametria domapitragr so e t he
present inventjo 1 I.l, beco rent fro he. fol | qw descri ption,
wher ei n refgreh%@mﬁm%nﬂﬁeﬁgoqsgslt@ggﬁzgt?&@gtq f%%ﬂ%@&ﬁ‘ﬁﬁﬂ@#eﬁg c&ﬁs‘a‘iﬁdr‘?&
Brief Descriptfa0s with thb Bar@neiérA08xiénding from the cFek@intolthd BiaR tY&th bbAderw&at i N,
broken away, illustrating conplenmentary geonetric patterns of hard and soft

material in anth&ddeclesns. Bisithe etsstwessy away he main soash bpdsis skpasedio thet theg. 1
IlTustratiqg tg@ulmfrwﬁgtz&&r rﬁr&f\xcéshg éu?t%gh p?o?itle, O-IS ﬁfugratgd in Fig. 2. This

complementary relationship is further defined by the travel of the teeth 10 and 11 during

the rotary boring operation, In this regard, if the tooth 10 leads the tooth 11 during rotary
boring, the tooth 11 will not follow the same contact path as the tooth 10, but other teeth
in the same cone will engage the same contact point. The provision of different cut
15  patterns on the teeth increases the probability of a tooth ridge striking a formation ridge
to increase the interference between the bit and formation on any given full revolution
of the bit. )
When the hard material covering of the tooth has worn away, the worn tooth
begins to wear unevenly, as indicated in Fig. 2 At this point, it may be appreciated that
20  the hard material 13 wears less quickly than the softer material of the main body 12,
producing a series of crests and grooves such as the crest 26 and grove 27 of the tooth 10
and the crest 28 and groove 29 of the tooth 11.
Fig. 3 illustrates the rotary cone bit after it has been worn through use. As may
be seen, the tooth 11 is left with a profile having three crests while the adjacent tooth 10
25  isleft witha profile having four crests. This pattern is repeated around the cone. In this
way, the teeth 10 and 11 work as a complementary set to produce differing cut patterns
at each contact point where they engage the formation.
Fig. 4 illustrates an insert-type tooth equipped with the alternating hard and softer
material construction of the present invention. The tooth set of Fig. 4 includes a tooth
30 30 and adjacent tooth 31. The teeth 30 and 31 are adapted to be received in a t;ore
formed in a bit body in a conventional manner. As with the embodiment of Figs. 1-3, the



Fi g. 3.is_ a perspective view of a portion of a rotary bit equi pped with the
claw 10 tooth design of the present invention; Fig. 4 is a vertical

section, %@ﬁ%y broken away, illustrating adjacent cylpicfjsbgihsd nsert
teeth haV| 3 | ementary geonetric hard and softer netal patterns: Fig. 5
I's a horizontal section taken along 5-5 9{ Fig. 1 illustrating the softer

material pattern contained within the harder material pattern of the

cylindrical ipef formlor Fig.-4 may be B Pbg% tee %%Hc?m(; LESSHALTon of

alternating | ayered conposite mate convent1 ona ﬁléneous
materi al teet Gomplegentary geomemoqmtsnmataafonhe:ﬂ ﬁltbp a@aceinl teth B01ahd 1 bfchevear

pattern of the_ t,ooth set IS a mat,lc reresentatlon of
adj acent bit tomhiedans chlog P&&Wa*%@&%ﬁgwm e toeth g?‘iyal

conf i gur at | o, théBéhsfiion i Bork! Mhatl Falefl 120 el aﬁa i bd 53 t he
wear pattern of the tooth set of Fig | ed Descripti

Pr ef er r ed Enbhaisphiertmateriag33. 1Smn1m:stm &Pé@om3 b.ahard m&telaﬁdpémrspemdrm thedl cat ed

Conventi onal Rrf Wiy bk, THY pepern of e SUPRANER aod Bleg BREFRI Gpisgitachn

i Ilustrated iisilkistated in b decditil Fig0 5i Asorithsthe yrivivdsly esaribadi ebagiehénserct | on
12 and a hardgira msgiteeri al secé‘i on_ 13. The tooth 11 is simlarly constructed
with a main bB&Yy labeitentb 434 3nd 3 wearde formgifferens fooghuprofilss thatmaximize thei n body

12 incl udes radi@lehst s MtiledBdh Wath iR BndRH¥nd provide self-sharpening as the dissimilar

10 wear occurs. Presence of the hard material within the softer body material also increases

tooth rigidity to further increase bit penetration into the formation.

While the previous invention has been specifically described for use in rotary
cone bit applications, it will be appreciated that the invention has broader application and
may be employed in any bit that produces increased performance through increased

15  interference between bit tooth and formation profile and through increased tooth rigidity
and self-sharpening. It will further be appreciated that while the invention has been
 described with teeth having alternating, complementary geometric hard material patterns,
benefits of the described invention can be obtained in a bit wherein the patterns are
essentially the same in adjoining teeth. In such applications, if the bit action produces
20  interference with the formation as a result of prior tooth cutting, the benefits of the
dissimilar wear and self-sharpening and rigidity features of the invention are also
attained.

Figs. 6-8 illustrate variations in the configuration and wear patterns of bit teeth
of the present invention. Fig. 6 illustrates an unworn rolling bit having a first tooth 35

25  with a hard material 36 covering the softér bit material 37. The softer material projects
through the tooth away from the bit body (not illustrated) in layets that are laterally
positioned between the hard material layers. The hard and soft materials are bonded to
each other along their interfacing contact areas. The bonded union may be produced by
any conventional technique employed for securing dissimilar bit tooth materials to each

30 other.



sectioris 1%, 17, aid 18. Conplenentary, radially extending sections of
harder material 19, 20, and 21 are provided on the tooth 11. The tooth '1I.
is also equipped with radially extending main body sections 22 and 23 that
are geoneid %/6smp! enents to hard naterial radial extensi¥sTOSHIIBY 25 of
the tooth 10. 5 As thus illustrated, it will be appreciated that
the main body pattern of the tooth 10 conm®-i sed of the sections 16, 17, and
18 functions as a geonetric conplement to the hard material sections 19,
20, and 21 of the tdatadjatént tbathi38tio ptovided elithdavuzer dayessB9 ahbhrd ndeerfhbhats wi t h

the hard material ext.ending fromthe,crest t.0, the main tqoth _body between
the side faces RS PHWCE SRLF MH se&m‘,?os?f n%‘i’q‘?yt é&Pﬂthtﬁ‘de‘?ﬂng@gﬁ Bed so

that the 10 . tip3bbth BHITMRB ucAR VP AMEAR paudis & répBattd Mouh®ihe #ller. Fig.
illustrated in_Fig. 2. This conplenentary relationship is,further defined
by the travel dfillusfates thetweanpatigrndofthe rodlenillysgrated én Figt@ry boring operati on.

the tooth 331 w1 Elrs ARl KhooBRl fialedfy baEhe pltbrtHE bR fhclith Yien Bl S,
ot her teeth i notisemaein lagaso isdidpbsed d9E@6ftdr bRt bodyMatefdd SAC Thepdtetn is fflar

provi sion of different cut é? patterns on the teeth_increases the
probabi ity of fof 3dertmop thegaliess Figk? Hlystratessherear pautsp g e refler ptkigle t he

i nterference betweegyy; ' : ' ; BALEL - 0N of
the bi t. Wihen ¢ he. harderh AR TR e e 4 PoS i
wor n toot h begidiamond, inwdl beiappreeiated that othenohiatesale that are harg, comparad tq the gnapoi nt
it may be preciated that, 20 t he har.d terd.al. 13 ars _J.es 1 Gkly
than the sgﬁt e o%ﬁ{bg?){lgfty g0 ?%@%ﬁoﬁaﬁéﬁﬁmnﬁlﬂ?edd?b}&%‘?sﬁ ‘%"%é?‘}’ f§§%§1\ rests
and grooves sUGbapedidfid thdt gist podRrtilling dRMRnd éf @k tdoftestiuemirdimdPraRi thelfbitn Cr est
28 and groove 29 of the tooth 1 1. Fig. 3 illustrates the rotary cone bit
after it has beE&synistip dtamomhgfﬁdgﬁeSmgﬂua@e prdeshsag bodynsed Bejths sieel put canpf ¢

with a profileybayiig: fHeRR. SIS tn Wl hba HhRRCLALGRMprEARE e bhefits of the

present invention.

15 While the invention has been illustrated and described with reference to certain
preferred embodiments thereof, it will be apparent to those skilled in'the art that
modifications, substitutions, additions, and deletions may be made without departing

from the spirit and the scope of the invention as defined in the appended claims.



25 is | eft with a profile having four crests. This pattern is repeated
around the cone. In this way, the teeth 10 and Il work W_mm-&w/

set to pr | ffering cut patterns at each contact poi vhere t _
engage th&%ﬁ?’ﬂ%ﬁ on. Fig. 4 illustrates an insert-type to m@“mﬁam\mm‘l
the alternating hard and softer material cgnstruction of tm ey s

I nvention. The tooth set of Fig. 4 i.ncludes a tooth 30 30*anfl adj acent
tooth 31. The twalabisifainiedis3l are adapted to be received in a bore forned
in a bit body in a conventional manner. As with the enbodi nent of Figs.

1-3, the -7- tooth forfwbibforbpyng eartireryfobmatonptaymitingn any suitabl e
conventional bit corg]'i%rdalion. Conpl enmentary geonetric patterns are forned
in the adjacent teet dhd 31 by the conbi ned construction of hard

materi al and softer w@hektedling forh B4d BRRbody; 00t h body. Thus, in the
construction of the tgoth 30, hard material 32 overlies and is interspersed

within 5 the soft efidiggtmchding 3 main badyseqtipn apd 2 hard matsrial gatiomar d mat er i al
34 is interspersed igist S ri 350 e ; .0f the soft
mat eri al and hard nastglgr P%F Xg%t% |g%r9a |§§lih§sd°|ﬁ'p uest?)g{legﬂléhﬁené%%& ¥ in
Fig. 5. As wi tchahastepstiewiffanait yharlelecweds eharsndrizde ofthe naferibl cempriding said ieint oot h
set 30 and 31 wear s to formdifferent tooth profiles that nmaximze the
interference of &3\ th the formation and provide sel f-sharpening as
the dissimilar 10  BRbrdWabdrabsectioh eoBhRRg Al frfiPaticrh GitkBi B Ak ofbdidieBmt he
softer body material also increases tooth rigidity to further increase bit
penetration i ntadcpmbinipg ingtseeond. difigrens pattern widha socendjong efsaidweethdmmpdiataly
speci fical |y de ' dh% ' t e _hit applications,. i i1l be
appreciated tha ?At%tg?ol snvensttigog%'ﬁgesfé rs%ééréf&gﬁﬁﬁof‘%%‘?‘(fﬁmgﬁﬁeat%othseEo wo
teeth that wear dissimilarly while boring.

2. The bit as defined in Claim 1, wherein said first and second patterns are
substantially geometric complements to each other whereby said first and second teeth

of said set wear in complementary patterns.

15 3. The bit as defined in Claim 1, wherein said main body section is
comprised of steel and said hard material section is comprised of a polycrystalline

diamond material.

4. The bit as defined in Claim 1, wherein each of said teeth includes a crest

and side faces, and said hard material is positioned over said crest and said side faces and

20  extends from said crest into said main body between said side faces whereby when said
‘ crest wears away, said main body and said hard material are adjacent each other in a wear

area of said tooth to form a cutting interface.

5. The bit as defined in Claim 1, further including a plurality of tooth sets
extending from said bit body.



may be ‘enpfoyed in any bit that produces increased performance through———
i ncreased 15 interference between bit tooth and formati on jgmuwtit .
t hrough increased tooth rigidity and sel f-sharpening. It \r/lnm"nmu"mw“wallll
appr eci at edovsragséihi | e t he i nventi on has been described w th tteeth hawi ng
alternating, conplenentary geonetric hard material patterns, benefits of

the described invention can be obtained i~#0-a bit wherein the patterns are
essentially the samg in adjoining teeth. In such applications, if the bit

action produces 20 6 intBierlt an inrClaire 1.f wherein paihmais bady esctibiis affsaigr i or
tooth cutting, ¢ L ' Lsshkl ar wear and sel f-sharpeni ng and
rigidity feat ur%s%?ﬁ'%ﬁgm%g%rg%?%ﬁsgpgﬁg 0 attained. Figs. 6-8 illustrate

variations in the configuration and wear patterns of bit teeth of the
present invention. Fig. il.lustrates an unworn rolling bit having a first
tooth 35 25 wi_thJé: ha_rﬂ’erm&%% fpedp @’G%F’iw&f%ém%@w&odbmcnm sRdl 37,
The softer mat gedhadre fpRIaBly el HRHERiG H¥ChIIP Fdard WeMrl 1O Byt DOdY (ot
illustrated) in layers that are laterally p05|t|one§ bet ween the hard
material |ayers. The hard and soft materials are bonded to each other al ong

their inter§acing cpnta r « The bonded. uni on e produced any
convent i ona§ techni%ue e ﬁggg%ﬁf‘%‘rmggﬂé‘ﬂﬂr Wbﬁfﬁf’&?ﬁf‘srﬁgt‘ff}f‘fmﬁp&ﬁi%‘%eri al's
to each 30  otwisliterally spiéd AdnQEffal areas of penetration of hard material into said main bod

PCT/ US9S/ 11789?§g¥3d acent tooth 38 is provided with an outer |ayer 39 of

hard materi al decth 4pd saidh spcond paven crmprses 4l centedl pregrpfAgrdomaterid bi t
body. A tooth geheirgtidnQkl!seiH" ﬁd%%é&iiﬁsécﬂﬁﬂao >. The sequence of tooth
e roller. Fi

material patterns 1s repeated around t ) g.
9. The bit as defined in Claim 1, wherein said bit is a roller cone bit.
10 10.  The bit as defined in Claim 7, wherein said bit is a roller cone bit.

11. A method of making bit teeth for a rotary bit body, comprising the steps
' of: '
alternating hard and soft material in a first bit tooth to form a first wear pattern;
alternating hard and soft material in a second bit tooth to form a second wear
15  pattern, different from said first pattern; and
positioning said first and second bit teeth on said bit body relative to each other
and to the direction of the bit rotation such that said first and second wear patterns are

substantial complements to each other in the direction of bit rotation.

12.  The method as defined in Claim 11, wherein said hard material comprises

20  apolycrystalline diamond material and said soft material comprises steel.

13.  The method as defined in Claim 11, wherein said teeth extend radially
away from said bit body and said first bit pattern comprises at least one radially extending
soft material section and said second pattern comprises at least two radially extending

soft material sections spaced laterally from said soft material section of said first pattern.



7 illustrates the wear pattern of the roller illustr

Fig: 8 illustrates a nodified material |ayering patter | t tee '
whi ch a hard oguter material layer 50 is disposed over g @Hr" "l ﬂ ﬂmﬂ
materi al WP IOPHRET pattern is simlar for al teeth on th

illustrates the wear pattern of the rolle{)_of Fig. 8. Wil e t ard *
material of the invention has been described as a pol ycrystall i ne di anond,
it will be appreci dt I t onpar ed t he
mai n 10 toot h bogf/‘terrayhﬁ{' 'gﬁvant ggééfoiﬁgm}{@;e} g@}%ﬁ@xg&?g%%%ﬂﬁ rngtsbg

I nvention. It mtﬂxlar@nhmtebmtapq:dbnbadyed that the polycrystallijne di anond of
the tooth structure nay take the form of synthetic dianond wedges.
Simlarly, the underlying body need not be steel but can be another
material, softer thg) thmeflﬁetﬂomt&ﬁheim@m1thhéreﬁrs%'1#§ahé1§ecbﬁq1 i S Of
t he present I nvention. VWil e the invention has been ustrated
and descri bed ¥pittegrdlydpmpdevithosaidhit tudy. pref erred enbodi nents thereof, it
will be apparent to those skilled in the art that nodifications,
substitutions, additions, and del etions may be made w t hout departi ng from

the spirit %nd the EﬁCOpértﬁfméditﬁiisrﬂéﬁﬂédxﬁlmﬁﬁa 1deihéereld shid firdlan@ pREMTIRSh

cl ai ns. What is clainmed js: A bit for boring earthen fornmations
conprising: a HFP"%WmF@@tWﬂbS@{delﬂﬁl?% fromsaid bit body; said teeth
i ncluding a main body section and a hard material section; 5 sai d

hard materi al section being conprised of a material having a wear
17. A claw tooth bit for boring through an earthen formation, comprising:

a bit body;
a plurality of cutting elements, each such cutting element having an elongate body
10 carried by said bit body and extending away from said bit body; and
alternating, laterally spaced, layers of materials having different wear
characteristics layered in said elongate bodies of said cutting elements and extending
substantially the full body length of said cutting elements whereby wear of said cutting
' elements during boring produces alternating peaks and valleys in the formation

15  contacting surface of said cutting elements.

18.  The claw tooth bit as defined in Claim 17, wherein said alternating layers
are comprised of steel and polycrystalline diamond.

19.  The claw tooth bit as defined in Claim 17, further including plural claw
tooth patterns, such patterns having alternating layers of materials disposed in variable
arrangements with differing patterns oxi said cutting elements whereby said cutting
elements wear to produce alternating peaks and valleys in differing relative positions in

5  their respective formation contacting surfaces.

20. The claw tooth configuration as defined in Claim 19, wherein said
alternating layers of materials comprise steel and polycrystalline diamond.



chagactéristic different than the wear characteristic of the material.
conprising said main body section; and said hard nateria nbi ni ng
inafirst pattern with a first one of said teeth and co

second. dwbbenesst pattern with a second one of said teet %mlﬂw
adj acent to said first tooth whereby said first and second teet a
tooth set of two teeth that wear dissindlarly while boring- 2. Thé btt

as defined in Caim1l, wherein said first and second patterns are.
substantial |y geom?ﬂ{l chQﬁhW totheonfigeratdoncds dofitedrin Ghaion &hywhesdinisaid Jayers and
second teeth [ npl ement-ary patterns. 15 3.

The bit as de |H§g QHE% T%gMﬁgreln said main body section is conprised
of steel and said hard naterlal section is conprised of a polycrystalline
di anrond material . 4. The bit as defined in Claim1, wherein each of said
teeth includes a crest and side faces, and said hard material is positioned
over said crest and said side faces and-20 -extends fromsaid crest into
said nmain body between said side faces whereby when said crest wears away,
said main body and said hard material are adjacent each other in a wear

area of said tooth to forma cutting interface. 5. The bit as defined in
Claiml, further including a plurality of tooth sets extending from said
bit body. -10- 6. Thb bit as defined-in daiml, mhereinlsaid mai n

body sections of said



tegﬁﬁﬂhre.ihtegrally formed wth said bit body. 7.

The bit

as defined in

Claiml, wherein said main body sections of said teeth are separably forned

from sai dg/i
bit as de?"{%n;e”’

| ateral |y spaced, non-central
said main body of saiﬁyfirst
central area of hard npteria
second t oot hys9. R~ PN

y and are secured to said bit body. 5
In Caim1, wherein said first pattern co

s défined in daim

areas of penetration of hard materi al
ooffh and said second pattern co
penetration into sa

g, gy oy W =e

body

The
S G L TR
into

rises a

roller cone bit.NA 10. The bit as d &d aim7, wherein
said bit igpa—t .11, A net hod q ANy teeth for a
rotary bit bod NEe $teps of: alteg andjsoft
material in a h tojforma first al {ernating
hard and skt secopd bit tooth ond year 15
pattern, di d firgt pattern; g sald first and
second bit €efhiOn body rel ative_s ) ). ud t o the
direction of the bit rbtation sugh that said first and second year patterns
are substanti a®éconpl &fents to efgﬁzggh in the direction of QVIZKBtE?ion.
12. The nethod as defined in {4 ai 17 wherein said hard matgfi .
conprises 20 ° a polycrystallinefdianond material and said soff materi al
conpri ses saﬁgl. H as defined in O aiyg 11,,Wherpin said
teeth exten adi said bit body and s&i ? t pattern
conpri ses 2y | e3 h and said
second pattenN et eri al
sections spaced pi d first
pattern. J@
14
f ) v )
20
\\ N \::\ \\\‘:
:. \\\ :\/34
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.j
The nmethod as defined in Caim1ll, wherein said first and,

- 1% .

second bit teeth are inserted into said bit body. 15. The net hod as
defined in Caim111l, wherein said first and second teeth are integrally
formed wi NP YAhit body. 5 16.  The nethod asPaiagsomeysdn C ai m-
13, wherein said first and second teeth are integrally formed with said bit
body. 17. A claw tooth bit for boring through an earthen formation, ’

conprising: a bit body; a plurality of cutting el enents, each such cutting
el enent havi ng an el ongate body 10 carried by said bit body and extendi ng
away fromsaid bit body; apg al 3grnazbng, | ateral |y spaced, |ayers of

materi als having different wgar gharacteristics | aye[Fd/aGn I d el ongate
bodi es of said IMyi ng el enmenys and /extendi ifgf subst art i .ﬁh_e full body

| ength of said cutt\ scoketqby wearys of said cutting elenents
during boring produges alte qoks anfl valleys in the formatton 15
contacting surFgreLofsais TG 98.  The claw topth-bit as
defined in aim1l Il ayers are conpriised of steel

Reks
and pol ycrystalline o’é Wl" 3

oth bit as defined in Caim
17, further including N 2fins, such patterns having
alternating | ayers of u_,‘ﬁ’ ) driabl e arrangenents with

di ffering patterng B safgLu ereby said cutting el enents
wear to produce alternati/ng pe n differing relative
positions in 37
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21.

t hei'r r‘esp

ormation contacti ngﬂs&ﬁﬁ@@éﬁﬁ%ﬁ=.d) The#]
configuratio efined i | :ééﬁ i . d_aligar natigig
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(54) Title: CLAW TOOTH ROTARY BIT
(57) Abstract

A claw tooth rotary bit having teeth that are constructed from a hard
material that is combined with a softer material so that the teeth wear
unevenly as the bit is used to bore through an earth formation. Adjacent
teeth may be provided with complementary patterns of hard and soft
material shapes. Two adjacent teeth form a set that wear in complementary

of the adjacent tooth. As the bit rotates, the formation is randomly engaged
by the high and low areas on the teeth to increase cuiting effectiveness.
The alternating layers of hard and soft material provide a self-sharpening
configuration as the teeth wear unevenly. The presence of the hard material
in the tooth structure improves tooth rigidity. In a preferred form, the hard
material is a polycrystalline diamond while the softer material is steel.

pattern such that the high points of one tooth register with the low points -




