WO 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT WEAR RESI STANT MATERI AL AT
THE SHI RTTAI L EDGE AND LEADI NG EDGE OF A ROTARY CONE DRILL BIT

CROSS- REREBENOP44838 RELATED APPLI CATI ON [ 1] Thi s appriusaeiitomiet ai ns

t he benefit of United States Patent Application No. 12/896, 406 filed

Qct ober 621|4:L entitled "Wear Resistant Material at the Shi rtt\:;\tHj Edge
and Leadi ﬁ@ é’)g)égof a Rotary Cone Drill Bit," the disclosure of Feh is
her eby |ncor orated by reference in its entlrety and to the maxjmum ext ent

al | owabl VR RESISHY TB{B})T%%{%#M THE SHRITMLERGE AN LEAMNGEPGE st at es
Pat ent Appl i cation No. 13/ {HBARETARYLONGRRELBBR 1 entitled "War

Resi stant Material at the Leading Edge of a Rotary Cone Drill Bit," the

di scl oSurGROS$S-RBFERENCHACCRELATED APPBICATIONr eference in its entirety and
to the maxi mum extent allowabl e by | aw. BACKGROUND Technical Field of the

I nvention [01] [H}is Rhgicpti@s elaimsi the érhéfonofr BhiakleStato Pe@nt Aphiaaiiong Nbi ts

otary odnBvari [gidkeneeL JOR e Gy Rafafn pEna S B fuud PR EES |
made to Fegui@Bddolor dlRotadAC@RMraABBitRY @ibdlodntegdirwisicl A RRBy lidogaedied by

illustrate an isonetric view of a prior art rotar ﬁ:one drill_ bit 10 and
Fi gures FHCIGPF BESERETY ?I}du@ttP%fnéX‘&l“E} gt alavabin By 1ay e%léﬁpﬂlcb%‘?nt ¥h of

the priorcla@h HeObehbNt 6OURIEN Slates Patend A pﬁcaF Woeﬁ3/196 asyl(ifB, Juhespaati vel y.
Aleg 12 d[%@nds froma body portion 12 drill bit 10. The |leg 12

i ncl udes cAi%darVeay Bepispant i\éatmleh%ke%@ Eﬁgeaommmdc%dwlaoﬁlw hwar d

directi 0'811scf5§k?re %?%thdﬂgs %@1%%} uileﬁlﬂofh@édul%ﬁﬁaféer%'lh RdchGRly fRabimImadhiare 18.
A cutter cone i s nount ed the bearing shaft 16 and supported for

rotation ebsstnttqlﬂevvb'éabﬂ@gf surface 18. In an alternative inplenentation, the
cutter cone 20 is supported for rotation on the bearing shaft 16 by a set
of roll egAeRGRefgsNp The shape and configuration of the cone 20, as well its
rotatabl e attachnment to the bearing shaft 16, is well known in the art.In
seal ed beari ngedpiRhEMBOLRIH PR2ntidche bearing (journal or roller) between the
cone 20 and bearin Tq shaft 16 is Tubricated by a lubricant (such as a
grease) that {04211 sTheaypsspisnyafiar Bicstto cTHEPd5EE P th gné 8 ot caiarly g ose
passages h%%n%fbt&tﬁlﬁeE&&?s@/ls&%‘%m%'rét&ry@bﬂe del @smanner wel I known by those
skilled in the art his lubricant 1S retained within the rotary cone drill
bit through tResqigsomdf Refated Akanpl e, a resilient seal in the formof an
o-ring 22 pos o] bt | i

surface 26 neg&l]tﬂlg&ggg(ga%?ﬁ?%t&#%m % dél}?%gi %@ut?“eﬂrep&?ﬁ yrllca Ifdsurface
28 near fteheh illustrate an isometric view of a prior art rotary cone drill bit 10 and Figures 2A and 2B

each illustrate a cross-sectional view of a portion of the prior art rotary cone drill bit 10 of
Figures 1A and 1B, respectively. A leg 12 depends from a body portion 14 of the drill bit 10.
The leg 12 includes a bearing shaft 16 which extends in a downward and radial inward
direction. The bearing shaft 16 includes a cylindrical bearing surface 18. A cutter cone 20 is
mounted to the bearing shaft 16 and supported for rotation by the bearing surface 18. In an
alternative implementation, the cutter cone 20 is supported for rotation on the bearing shaft 16
by a set of roller bearings. The shape and configuration of the cone 20, as well its rotatable
attachment to the bearing shaft 16, is well known in the art. In sealed bearing
implementations, the bearing (journal or roller) between the cone 20 and bearing shaft 16 is
lubricated by a lubricant (such as a grease) that fills regions adjacent to the bearing as well as
other passages 21 in the rotary cone drill bit in a manner well known by those skilled in the art.
This lubricant is retained within the rotary cone drill bit through the use of, for example, a
resilient seal in the form of an o-ring 22 positioned in a seal gland 24 between the inner

cylindrical surface 26 near the base of the cone 20 and the outer cylindrical surface 28 near the
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1 WD 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT base of the bearing shaft
16. The lubrication systemfurther includes a pressure conpensation

assenbl y X0 20reg4a888ed wit hin an opening 29 formed i n anPapfseosiesuBrer
surface 25 of the leg 12. The opening 29 is coupled to the passage 21.

Fi gures illustrate an inplenentati on wherein the openin 9is

f or med egggﬁﬁsqd?\pggy in the shoul der surface 25. It wll be understggﬁ
however, that the qpenin may be formed partially in the shoul der

sur f ace ?Bseaﬂfdhep%if@f”ﬂ%i*haf}g%6 Tthﬁéu"élﬁi‘té’in Py sy durgier gudey %mPlleﬁsuWE’ésa%@l of the
leg 12 (helepwlystomkEiRn withid &€ Epedmly-203binhdd ih Uh upfidr shduler QRERE NY o theMBy be
formed in the outer surface 30 of the |eg [4] The outer surface 30
of the |dg 13h¢ cPRRiRatdsisatoaled efi @FrR?é%aa‘? ddgéigespldnfetB tilustRe #one 20.
The r egl %pl@fneﬁtﬁ'ﬁ)nl ©8erdig tﬁ’es(%éﬁi ?tz@% Whrhidd TeQﬁus%é'iJ ACEe §Qou'1c§er kflpa@ ok 1t he art
asthe ‘shirttail region, ge 32 is known in the art as the

"shi rt t aiwill dggmderspp @I’ﬂewft élaF ﬂ@d@@n@B 29sm§n‘ benf@ret@dvmem@y tiy¢het ghopddar|
portion :

Fransi 11 okl paam e BPENERYT) SHALERE e BN FIAREHIRICL 1o of
the cone s@@actdnd Jrdlripeindi thubpening@9 iy bodernicdgn Shafter sbecaibiplosieg.i oned at
the base of t b r ] of the
primary formsﬂgl Pﬁg 4& ?E&?%Egégf%lg?e fiazt%ﬁtg)%%ska? §erﬁil L|rérdt1 %hé §20§?£ 1n one
form of swdk cet 2(1 t ‘dd regenof theheg Bhassediaed weld ge sﬁﬂaw@@nsknthnp thdhat padi al
ext ent C)fthe sE;rtt 1S d%nr aadcll ﬁle ea % ek6134n I1nS thg%?trag?hsee%hl?ty il Qll és V\ﬁlarshlrt%alfj the
resilient o-rin r’Zl§lsea ' cSe r|nS|sexosaa€1 thebearlngls
i nst ead abgojein p(dvmed&elaieeﬂe mﬁnlaalr@orthﬁaﬁltm@,urfh&wov(egr siiigtadfsuttie osbuet t ai |
edge may expose.the air. bear art %tgaches t WO

met hods 8¢ J&NMANY Shinp ‘fﬁdlag%gg?fe 3?:P{j?I;i|‘eéi E‘?”Il té?é ¢ e8! B FoEs @t hod i n

whi ch a Ipaypefidi@fiarwe tidedarar th@ebngdpatigonedlar 40 ths @R lbeﬁﬂng fhafthe. ©rd ace 30
extending al ong at_|east a portion of the shirttail The har df aci ng

32.
mat eri al r?téryt‘i?ﬁ? gail byf 15 %Ré’*p?féh‘f PRypary fgst ¥ Pilcialiye gan H%mg%ﬁ’?étbé‘?k wohdigl i ed to
the surf agar. 3@-ond R GHsBEH Rirechi® whiPIne BhitnhilR@kd ¢ Wa/d ab Wi st BiaCakdh o€
carried in a nickel welding nmedium This solution does not work well when
t he rot are Byheradial pyrfaps g4 s<leprgpped Ry shinpga yndhe gsilign o dRaCS sahtspde
because tb@ﬁn@@'isdéxﬁgéeﬂg 1R ﬁéa'n%{lg 134193t¥\§134n50p99mn etk eﬁ115 lb)éanﬂg thk %ve@ﬁﬁgmar ily
t he wel di ng dium typically nickel, which accounts for the relative poor
per f or nar@ééleéhlftﬁiﬂ@d%mﬁy O¥POpRthe Al Aparing; gure 4 illustrates a second net hod
in which tung n r ryred in
t he surface Bgisiear tﬁh&e ’%t?tg*%%g% ‘g‘ﬁé@‘r@fg @i%fﬂa%l esg}erg‘i‘lgg‘}é?fsﬁlﬂ%&‘gr%
better abilwmghtona rfeglrmqﬂmdae whieh e@rmacvﬂ \E‘ddﬁdt lmrdfha@ngigeteohl Hhisdppliidrg the
mat eri al ) S ot RY .ai.| edge
32. The rtéreffliscgﬁo Qt%&[éﬁ 48 g?qﬁgt tleO oI es ﬂ‘%lfaedﬁé ggeﬁ?o%g%}gcﬁga{ng%%%és
appr eci abypecatly $tckzmse of rtmrgsteﬂnenrbﬂde hartimidal ﬁdg@h@@ta the anfiet 30. ofhet insenaléss- fi t

to function eri er al i nserts anple, a
separ at i S/ d’ﬁ c?gﬁ fzg(il g&%‘qtt lg‘ge C%ﬁeglalgla]'f@bﬁ’e arg ¢ 'r“gvf@lés 05(#1081% Ke edge
of the habewdd el wiea thhiotatrj'z abrle deitiget iSAin ﬁ[hl]lﬁghl}t Masmtrhﬂdfoﬁﬁatﬁmgﬁ(f@sé
functions, t imari | tect e shirtt regi on ne but not 2 WO
2015] 044386 BT URB O BE 4395 e 4T DB dROPTFY T MM PEDaR ~edge
32. Furt hesiemy eickel) valichedccbntPeorIbd feddlivy poet firf@danct v Y ®818-dnl fateAgerts 42

must typically have a thi ckness t (with a correspondi ng depth of the hole
44) such Hgyat # dllvsypted agreqndemethpd inwhish gyngptap cpifideripsety 43 4 aifet Ry i  of
the i nsemblet Whes@eliNg then@ehdeS3RR&r kHRWRA i PEdM Bt Wl@fhe&ehﬁsén@&@ﬁm\(l&\é th

ot her shapes) exceeds about 0.5 (i.e., t/d" >0.5;, or t/ws0.5). [6] A
need accOPETHGIayioBXEsEANCE (n cABPHISPN {Qthp ek Pllesrdpcingrnatsvialy hetmserts 4% do
protecti ng; 486ds Plofeetidt for BARirkAL Dge 35 hl’l{etlre%'oh f&I8E is38A the holes 44lnfdse W t h
reference once again to Figures 1A 1B, d 2B, the outer surface 30 of
the | eg 1xafed agsompepmwigtiodistese omfthe ehuz@)l qdee BRen orler feralht prasgiiotp

| at eral | e d,

shi 1t ai 1oL PRBLA ARt pBiohER6) Rl bkt 1o R e Srb LA UL 11
to wear dessi @1@2501pelneat1$ omicefly pﬂtveldad)tﬁamythe otge arthd holpit td the shrgaipedger32ar t

t eaches net hods, f del ar. of. the | eadi.n hirttail e

Fgure. 5 g par a0 ipdt? d PRt G Al By SPEYRRG Rl BitsorBiTrEC: ng
material 40 is applied to the surface 30 extendi ng aI ong at | east a portion
of the | @adirhgsherttail edge 50. The hardfacing material is typically a
deposit of tungsten carbide hardnetal 40. The material is typically

pell etized tungsten carbide carried in a nickel welding nedium This
solution does not work well when the rotary cone drill bit is runin a

h| ghl y abra5| ve rock for ITB.tI on because the hardf aC| ng mat er| aI 40 wear s

.



[8] Although not explicitly shown in Figures 5 and 6, the protection
mechani snms shown could alternatively, or additionally, be provided on the

| eadi ng swoOeosumiissse 54 of the |eg 3 WO 2012/ 044888PCT/ BEZI0B2¢410584132
368614- 2059PCT 12. This leading side surface 54 is adjacent the outer
surface f leg 12 at the leading shirttail edge 50. A need
t hus exiggg%ﬁﬁﬁgﬁe art to also provide an inproved nethod of proté@ ing the
| eadi ng shirttail edge | eadi ng edge 50) and/or. the | eadi ng side

surface (&Y ay t@%lélinﬁb“lsfida% 3¢uHugREngy Hbf)rdfﬂhg) Shpyiaplyi Ptajoegrethy Qfets%iﬁt of

whi ch i s jaditaeeifustd Blﬁcﬂlc—jytlﬁﬂi/e sukitiarss &@vlm a cotetRhdsb b as f H)nokf 44HhecH eg at
the leading shirttai E Wth reference once again to

Fi gures 1mtargio QfAthér‘il%}d?‘Bss e Bl iagigier dcel 95 ”&?Fftt(WBefFél%f nseris ffcer al | y

term nat gsumf o an@de‘!MS} t%@%’éeﬁe(w@d&ﬁeﬁéhaﬁ&? Redeli@hbbdu®.5 Qul dlero.sdee 53.
The | eadi ng shoul der edge 51 is al so susceptible to wear during operatlon

of the rdéMadyp)cone drill bit 10, nore specifically when the bit 10 is being
removed from ffpg dii ﬁéedh&t&dm@g SxibtS iREHAUSE g?ov'%&%q ro%g%%néﬂadﬂw have

to function in a cutting-|I rasi ve nmanner to rerm rmation
mat er i al Protecting greahiitsl Qﬁ}ﬁ@fe% tShettéd}rftdlgb 8d. hol e has narrowed. The | eading

shoul der edge Lo'%iﬁt Wil ZfFﬁé’#éh%eéncé '»igaﬂﬁf%ﬁ%‘gre?ﬁﬁ Lﬁ”é/@%d Stﬁeel%tlnbiu Eeosoda”age

fromformtio ole and 'avi ng e renoved.
Wear of tofi¢hel lead? rgg.sbdol dkmxul@d gerfft 2anch b cbiktdrresion ﬂmdly%rm]aatehavae

adver se ffect n. the gpenin 9 and. the press C e 0 enbly 27
installe Silrg%lhagge %d;ﬁ?dnaq ntghShtlmalE] eﬂg gfl (l;irzlal l%agﬂpr%na 1:11 reg g?l Ure’ of
t he | ubr |e©p3:bianyl sy gitidha to wear dulﬁlﬂgl(}peﬁltlﬂﬁ@ﬁ tHeI"m&r}emrﬁtcBﬂ]l it theThd pridraarpr ovi de

an i nproved net hod of Elonally ogeglin . the 3& E% shj tall edge
(oo T EGihav ot M doh@R S oy o Sie bRy G o

| eadi ng shauhdrsd ﬁd\glﬂcl'éa)layeaﬂdbv@rde@aaamlcingaﬁatértw 4b eadpplhgdscb (5,73 @maéeaxm of
the leg (e.qg., |eading de surface i mproved net hods of protection

may be c GisPdiag alopg éﬂﬁasﬁér}?ﬁ’@‘ton\ﬂf the 1?%’1“%%1%‘%“%‘} gtes i oe dprdiacEnes Ry R &
surface (@idly 50QULARE (SHEERACEIHRE) har@Rks 4, OBE bk ABaRE RpdanP 'belﬂ@ﬁ@&ﬁm sns

may be conbi ned or on separate bits. SUMVARY [1] One or nore of the
i npr oved tHrRgEREUPWA crEigh Nt Bigkel deiling medunerldissolipn deesswt setkevicl whetuse on

a rotary tl?eoﬂ)‘?argrcbﬁé R tb1t 1s run in L%]ighll G si RITRRA (9B M ion %e@a@g@-fﬂé Iﬁ?d?%lﬁg il
bit conprises:  a body, @bjpendl ng fromthe body, and a beari ng‘dshaft

ext endi ngnafqrigho W@atse@wnmé quis§lyi i [y deanly dhe PatdangengdumAtypselomeser f ace
of a har %H@lta%gdlﬁ s fB’%tﬂE Eelﬂnﬁ‘z}!BS'& @ed h@x?él?%h ﬁrﬂ?egl Jﬂ%ﬁ% ﬁ}h@ﬁ?&t ially

conformi ng surface o er e ge 0 teria ate
def i nes atconéasthod lpmqhdnngsfentdaén@umeat@ d2edgprestlitine Hodey.44Thendsl in tlmeay

f2(l,)ll’1t2;’|82 4§§§%%%f’d%i’8%ﬁ%’g%%%mf gdg%%. %ﬁlﬁé &gsesilﬂ&frtts '421}3r vide better abrasion
resistance (in comparison to the use of hardfacing material), the inserts 42 do not provide
protection for the leading shirttail edge 50. The reason for this is that the holes 44 must be
located at some appreciable distance from the leading shirttail edge 50 in order for the press-fit
to function properly and peripherally retain the inserts 42. For example, a separation d2 of at
least 0.125 inches is typically provided from the edge of the hole 44 to the leading edge 50.
Thus, the method of Figure 6 functions to primarily protect the shirttail region near to, but not
exactly at, the leading shirttail edge 50. Furthermore, in order to be suitably retained, the
press-fit inserts 42 must typically have a thickness t (with a corresponding depth of the hole
44) such that a ratio of the thickness of the insert to a diameter d’ of the insert (where the
inserts are round) or width w of the insert (with other shapes) exceeds about 0.5 (i.e., t/d’>0.5;
or t/w>0.5).
[08] Although not explicitly shown in Figures 5 and 6, the protection mechanisms
shown could alternatively, or additionally, be provided on the leading side surface 54 of the leg

3

DALLAS 2257668v.6



368614- 2059PCT [3] In an enbodinent, a rotary cone drill bit
conprises: a body, a leg depending fromthe body, and a bearing shaft

ext endi ngwPbrorvassssl eg. The bit nmay further include a cec@/useunisds2o the
beari ng shaft. The leg includes surface edges. A bottom surface of a hard
mat eri al te ving an edge is positioned with a substantially form ng
surface (g’gg?alﬁezoggg where the edge of the hard naterial plate defiﬁé@ at

| east a paqrtion of one of the surface edges of the |eg. The surface edge
may be atlZa 19 Fading fidegigecors Sradipoprt by Pyetsiripge 34 of tg%lbeé lgrat e ladingy g ng
shoul der spelggl @se ¥&! | as sone conbi nation. Mre than one hard plate
material nay be positioned on a leg, at the sane surface edge or at

di fferent surf®de ddgesthuy pxigid bp oh toplsasroyile aptiwpoyed yethod ohgiokchtéat e

mat eri al By, Res Rt l-0ned. oONeRliRUREE 80 drdldr YncCRRfiR) HUO LB {ALcRfin®
shoul der surface and/or on the | eading side surface of the shirttail (which
i s adj acelfe sprieceod) f theyshirtaib (¢ latiaeof whichtis adiecepeddionyr swiface (akl oedge) .

[4] In a { ~ adrj bl bit conprises: a body, a leg
dependi nguﬁ%%ﬂﬁﬁ%lg%%tﬁgfﬁg&gg %earlllg&géeghaft extending fromthe leg. The

| eg includes HUOT abethadgesce diite agdg e hayreheAabld okt andedB vhe shogldeherfa¢or

bot h) an u f e syr t bove
the but ero St FASLT PERIB soblifucs 39 M B SHUE B B8R0 lne Hfabial

sem ci r ciBarTherlealunpvdulddgelgeay ibasprwxéptible hovear doime speunivedt the ey

Co wear g 9" BhEr AHAE R icARVRR b Bhib D Riaritidtih e GRp BReP o e
posi t i onedbashiish tee sisbkitianlst all Inyaydané ar finagpnsibaf@amgofke ohebhe@ge manrer koocat i on

in our by said outer surface of the |leqg.. The o r surface ext end

| ar i y RO HB SRRt Dedyaicts s e ATuGh bt by RERranthe K
from t he sh@adbr Rggedpendinculier Shiatd LRiate fulth@ QLeplibls W flase Tym Gxrinanech
outwardly fromthe | eadjng edge of the shirttail. The quter surface may be
def i ned B’S‘Ftetrﬁ‘éfalu‘a{’tgé’? He dl“élgmerﬁldé’&&@g&beﬂ’?@o}’eéjg.wear of the[l?jdlqgr?h%‘i‘ldeéﬁﬂ%fdi ment ,
a rotary s¢on@ @ohilidr RirfacC OFRED BOR adveROUYfect® dnClle IRRRAD RO ANE rRMplb@rdOdY,
and a bearing shaft extending fromthe |leg. The |eg includes a surface that
i s subj ecPmPESHEAr gAY g7 dpdtlied i voHhinthat weeriig 29 ek petippsaleed Hapremature

associ at gy tinelubh&lioh Ystipt h) an outer surface of the leg or a shoul der
surface or a side surface of the |leg (above the outer surface). A bottom

surface of a HHdH fverced thar epistitia theagit ig Peyidecielningoysd ghethasheldadgtionally
substanti - ] - f W i dge of
the hard st f o BRAREhiTIEEE (o1, LABph SRk, st SEPRART LAk TRS

| eg. The ellgr@tg,derdmgyphdpader ndgerid).andloyasawd Lirsvedlcaldingsidswragrd thf leg heg.| eg
extendi ng_ | r. dl r h hirttail ) | : |.O . in_and/ or
by a cur 8(?8{}1§u l(ger Xusr%F (?g]é}e' (;erlh §t1h18}o|v§% mg%%gﬁ |f gﬁfcﬁlﬁ%yﬁ? E@iﬁ?l? ??ldelq %Igydi ng
edge of th@nshivith tfeither pFétectioncdt the showyerb@rface g/ siroullgr siréack €20li Miidi de

surface of the |leqg extending outwardl vy fromthe | eading edge of the

hi 1t ai Pron pElel GO M et o el S uge “of Ca shoul der. 5
WD 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT [6] In any of the

f or egoi npUMMARYents, the bottom surface of the hard material plate may be
attached by the adhesive material to a conformng floor surface fornmed in
and/ or by an @uf er Ogaagemsrdf algeingirovel prdtegyion mebtlmisans| deadtibad) hewinfragebof t he
| eg and/ %le&ﬁ? Oirr;tet aialrot%yrgoacgr.l%.tthe | eg and/or a | eadi ng shoul der surface
of the 1&g " The' EonT'Sr'Mi*hg Pt 66r "Surface may be formed in the outer gage

surface of thg2]egina @ntsldohenpraonitae donendrilhbit oorhprtisegagBodyy b flacéepamiing

extending in d froman edge. The conform ng, f| oor surface nmay be forned
T the 1 sl e beny pbEhsny afRagnde SO Bt e Gur bEFiet h 3 Febierg Aur f ace
and gxt fenbdiumg satfhavasidi ylaffdlr maﬂeﬁ&leplf}teaﬁbiﬂ%g aﬁd@gle id ngsi@@iaﬂ lc»ﬁfn' mgulﬁs!t@lﬁadn}_sur f ﬁce
may be for in the shoul der surface of the |eg , ot provided in the
shoul der CQQ?F)F%‘B% Sanye ttﬁ‘hg‘ignﬁhqfﬁ\}% ey o rtg%ﬁ%fﬁénaé%iaﬁ P F‘efg%& °frte?

conf or m Rgrioh QPrthe Wifa8€ 8dg¥BY B 120 TR hal HeriRReddRN Sdikfmaacalvihe | eg
by a slot provided in the shoul der surface and extending inwardly fromthe
| eadi ng $RHUIEIEHedge. [7] In any of the foregoing embodi nents, the
conform ng surface to which attachnent is made may conprise: a floor
surface formed in or by an outer surface of the leg, a floor surface forned
in or by a shoulder surface of the leg, a floor surface formed in or by a
si de surfadesBfisstvhe | eg (adj acent either the outer surface or shoul der
surface), a floor surface of a slot fornmed in the outer surface of the |eg,
a floor surface of a slot fornmed in the shoul der surface of the |eg, and/or
a floor surface of a slot forned in the |eading side surface of the |leg
(adj acent either the outer surface or shoul der surface). [8] In any
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WD 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT surface of the hard materi al
plate to the floor surface of the leg. That material may conprise, for
exanpl e, wWokowzi4sggsmat eri al . That nmaterial nay al so conipCmaseea/oss13nor e of
sol der, adhesives, resins, and the like. Various conbinations of said

mat eri al Y, used on a bit. [11] In any of the foregoi
enbodi me%pgglmfﬁ)&hard material plate is nade of a material or rrg??:natl on

of materials that are nore abrasion reS|stant t han the materlal used to

make the | eg HRd/ o @nihRadpqnt.gy rofags opfe driliRi C%‘%B‘Fﬁﬁ? & Didyed e PrRRtRS i al

pl ate mayroaPR bb&e aRNE b&rin I ML KienBRk Yohy St &gl iThe bdln@dm{iﬁle@m@h,coﬁlﬂ! be
made of a material such as a tungsten carbide, or conpri

pol ycr ysturieAdo éhgpearipe st nller egéncdusivp aetace 6#%6@0@%9%@1 awchﬁﬁif adnit ed

di armn_d %@a@é}ﬁ[‘%\?w—mb&§ @ﬁ%@geolfs p@ﬂb{oﬂ%h%@l a[@%sthﬁhaﬁ?)éoﬁf@ﬂﬁﬁg furem Or QéQeé 0
0. 500 i nches nore than one hard materi al ate, various conbinations

of said hdew thﬁ@@emélthemaéd waterghplae defgeglatdpspa BPIIUOHAf peaf shecfaprasdgesany
desired hape,
oval " shagb ooy R syl hadihy bl 4 Sl BEL EORP L IEPRRRBTMER B i
DRAW NGS leading sh¢ulqyr editerve mdlaasm@@rmn@htlamvmteatg@sOwahatdndat'ﬁ magenie] oay ol | |

becorre C'p‘éﬁ{l?xhaﬁ oh de dGSEHL 's1%é {Eﬁfg gc{]ﬁ{ éﬁf? o Qi RE% Vﬁ%@' 1 QAdicloh Ve ﬁ}g]

exanpl es nces rawi ngs

Fi gures hltematdzelthartl |plm mawnahrwrmtgosmonﬂdem& sobstantipily omnf@mnng mrmq/ofcaone
drill bit; }‘ ures 2A a o ctlo vi ews of
a porti oﬁh%qflder S'l1rf ©8 d/?rhe E)lr £l ln%rS]t © Sur? wr O¥cone1 ga(ra]i (I%‘ihl%1 d?ceﬁt ﬁPléte

[ 15] Fi gutiacd ofthbm@tat&tee&datgmhirmﬁtadga) of a layer of hardfacing rraterl al

extending al o at_ | east ortion of th irttail Fi qure
S s ot M o S QR e et e Rl GPiBTsse gt Pedto? s JPPRite baoe.

[17] Fi gufomn fheitoliyisdnt at ari@PHalCtenOing @fonathleayger TR leRandire isacoRbQls] al
ext endi n%EhaI ong at |east a portion of the | eading edge of the shirttail;

[ 18] Fi guré eég‘? maﬁé’ﬁraéstoé’élteflh"é‘ﬂh@glebl(orttl?ﬁgsatne‘ﬂlteifa?f'l{‘fim&e‘)f R ey hepldehe
| eadi ng @G@ReQf tdRg $4HokE HRI duter surface). The edge may be semicircular or curved. The

semicircular or curved edge may be proximal to a cone mounted to the bearing shaft. The edge
may be one that is particularly or more susceptible to wear during operation of the drill bit. A
hard material plate is positioned with a substantially conforming surface of the leg in a location
in our by said outer surface of the leg. The outer surface may extend inwardly from the
shirttail edge. The outer surface may extend inwardly from the leading edge of the shirttail.
The outer surface may extend outwardly from the leading edge of the shirttail. The outer
surface may be defined by the lateral leading edge of the leg.

[05] In an embodiment, a rotary cone drill bit comprises: a body, a leg depending
from the body, and a bearing shaft extending from the leg. The leg includes a surface that is
subject to wear during operation of the bit. The surface may be associated with either (or both)
an outer surface of the leg or a shoulder surface or a side surface of the leg (above the outer
surface). A bottom surface of a hard material plate having an edge is positioned with a
substantially conforming surface of the leg in a location where the edge of the hard material
plate defines at least a portion of the surface of the leg. The location may be in and/or by a
curved outer surface of the leg extending inwardly from the shirttail edge. The location may
be in and/or by a curved outer surface of the leg extending inwardly from the leading edge of
the shirttail. The location may be in and/or by the leading side surface of the leg extending
outwardly from the leading edge of the shirttail. The location may be in and/or by a leading

edge of a shoulder.
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[19] Figures 7A and 7B illustrate isonetric views of a rotary cone drill
bit including protection nechanisns for the shirttail edge and the | eading

edge of tWo 28triouussai | ; [20] Figure 8 illustrates &CTrSGHH8AB2 onal
vi ew of a portion of a leg of a rotary cone drill bit which includes an
enbodi men &4&5 hirttail edge protection nmechanism [ 21] Fggjlllres 9
and 10 |I PR&l cross-sectional views of a portion of a | eg of otary
cone drill bit which include enbodi nents of a mechani sm f or ftl)rC(I)tmea(t:etnlang t he

| eadi ng edge 8101t i ;o theaforeegig cgipagimgars, thy bojgpm surface of the
2012/ 044388Pfkdy bS2tAd0RAhs 2dn3 686 AdreAN8 Rebnforming flbérdurfitd¥rR& ih hndod 12

Illustrate isonetric views of a portion of the | eg and includi ng protection
nechani s 2P GHer reesHificechthe l%gélfor a leadingrspriacemf dfigrlge 4ml/qr)y higtqdihyuglaceyn

| SOMBL I'i G VifeQUE Qﬁd/@} o 1@&&@311%91@& Q&ﬂa&é ofbché 1elgnq+he @bﬁfemﬂﬁghs&t éuﬁacermghe@l SIs
for the shirttail edge and | eadi ng e he shirttail; 24]

Fi gur e 14ominedys thegquies 2age ﬁl@@@e seteilemby a\f» Oé\@/f%rfdeé iy et qupni coge sirfaggat a
rotary C%Qt%n(‘ﬂfl v Rl n%frml A5l é;gﬁﬂéqgﬁfoﬁﬂmgm&dé ?&t m%)( @foﬁﬁécf bR lleacﬁ&ge

protection nec ani s Figures 15 and 16 1 us rate
cr oss- secstifonal theileswy afsloa pporded onthefleadingegriafe aad remeafhyg cwwerddy fron U t

the. shi r o SE TR e o REAOELRTYS henl LB LM M1 EREULEL9: 7
portion of atshe ptcefgiedmrdthle nicdulidbir g fqoe ancé@mmimgmdtrellyl fems thechirtidileedghi Thd ai |
S?g\?\s of confol'ml{l% {160 ]lljl{fgcsé nzll'agl bae]c réllergol% he s s %u(1) neé Su %? IP% %O?e%ll‘% o%sro%e et Lonal
enbodi nemlﬁ&hoﬁlda sﬁﬁmd&and streddng 1pwmﬁgd'mm thetidbndingeAdlildyg e@gtge of t he I eg at
the shirttail [Oa7Td lsnh grlljyl 0 tile foregoing embodiments, the conforming surface to which
attachment is made may comprise: a floor surface formed in or by an outer surface of the leg, a
floor surface formed in or by a shoulder surface of the leg, a floor surface formed in or by a
side surface of the leg (adjacent either the outer surface or shoulder surface), a floor surface of
a slot formed in the outer surface of the leg, a floor surface of a slot formed in the shoulder
surface of the leg, and/or a floor surface of a slot formed in the leading side surface of the leg
(adjacent either the outer surface or shoulder surface).

[08] In any of the foregoing embodiments, the conforming surface to which
attachment is made may include only a small portion or an extended portion. In any of the
foregoing embodiments, the conforming surface to which attachment is made may comprise
any combination of: a floor surface formed in or by an outer shirttail surface of the leg, a floor
surface formed in or by a leading side surface of the leg, a floor surface formed in or by a
leading shoulder surface of the leg, a floor surface of a slot formed in the outer shirttail surface
of the leg, a floor surface of a slot formed in the leading side surface of the leg, and/or a floor
surface of a slot formed in the leading shoulder surface of the leg.

[09] In any of the foregoing embodiments, the slot when formed may include only a
small portion or an extended portion of the desired surface. In addition or as an alternative, the
slot when formed may include a plurality of substantially flat (or non-flat) and adjacent (or
neighboring) floor surfaces in which an insert with a conforming bottom surface is provided
for each flat (or non-flat) floor surface. In some embodiments, inserts may be arranged in a
tiled edge-to-edge configuration.

[010] In any of the foregoing embodiments, a material for positioning the hard

material plate may comprise a flowable adhesive material interposed between the bottom

6
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[28] Figure 21 illustrates an isonetric view of a rotary cone drill bit

i ncl udi ng protection nmechanisns for the | eading edges of the |leg at the
shirttai Iwandi2gidesssder ; and [ 29] Figures 22, 23, PCTAISA012H541Bt ustrate
cross-sectional views of a portion of a leg of a rotary cone drill bit

whi ch ingl yde odi nents of a nmechanismfor protecting the | eadi edge of
the |eg §P§€1ﬁé2%gﬁi ‘ttail and shoul der. DETAl LED DESCRI PTI ON CF THEPRAW NGS
[30] Reference is now nade to Fltgures 7A and 7B that each illustrate an

i somet ri CUWAEW! gic hard Baigrs) pldnbe B¢ fiper ripcerofdhs g1 bRt ARG MaY CoBRrise,

nmechani sug: &@mpld@ shiikd hatehaﬁdqeataﬂdeﬁmndyea% BéneAgend 3t srd of e5118d to as
the lateral |eading edgh of the shirttail as well as protection nechani sns
4

for the |2dadivAY redgendfthe s Vagousgopbipatam of i Rgsrials ity ¢ Bsdyrpdit i on 114
of the drill R 1d0an T(h}ethla qgreé(;ig e RBbUHRS s b aRfd Hﬁteﬁlﬁ'lafaltate(l@%ac@@% see
Figure 8 reference 11 gure %B reference 16) which extends in a
downwar d nzattiat ardfrombuiaﬁmpﬁmaﬁerﬂd@: thapre nzore plrassen regipientihe the megsuiat esdd to t he
beari ng t 30 of
tho 1 og T1B¢{sraruhRRREL AN E0e b STy SR8 PR iy SHERREERSZ0 0
I n additummmﬂeafeprag@ho¢d3MKmdmampm&3@f@fnme@0ﬂ42m¢ﬁ@bauedmatumeemgage of
the bit) t a, 3 X I t e
(Figure f%’)%{deR)Z ?"Z’“ }3?1 ofp%gghg Fa(ﬂﬁle bqggo(s%(r)%hl ét‘tplég o al‘fthe sgor %gg ?L’éo is
known i n ilmpegaat¢d da&ncbrhieegmtmr ﬂ‘hakhess ejanyrpldte anag int ey renkydrd30.066 tck@ldﬁ)(h in
the art as,the hirtt er surfa e

(which nayhﬁe ?%@é??%dﬁPaxagg“L 5?nﬁéﬁge‘mno #m%%?éﬁegﬁng%t 4 erally
t er m nat eatatmay & W 20 M104A&%PEEH maaﬂﬂﬂ%dd%pa%mée BQSPPCEhikeadi ng

shirttail edge 150 and a traili 5 he.shirttail (also referred
Co a1 apFENG SRPr e biGeowopRe Hie I Jndra idar ho8ge. 150 and
| ateral trailing edge 152 of the shirttail conprise extensions of the
shirttai IBRAGFDESCREPAIONIOFT HE DRAWREGBengt h of the | eg 112. The shirttail

region further includes a | eading side surface 154 which is adjacent the
out er surface[()]13D Ofhet Hiertureg add 2daintaighe of ebd iimgnsdn lwhlﬂ dleborad gieard o) .theThe | eg

112 furt | sh d f 125 t d ab th
surtnoe HEsaRe SRER IR SR Rl SR oS Wb JeE pBast it At ter

surface J;l?a&wﬁ)gsvtzﬁmeuh eg 112 laterally termi nates at a | eadi ng shoul der edge
151 and a trail shoul r 153, The | ater | eadi ng edge and
lateral trail i(Hé] é@eﬁb‘g agt ﬁf ﬁﬁ’s%ar‘i%liP‘d%WCcY{’?PfﬁP?%B“‘E)?ftéﬂgf 8‘?1?%%
shirttail edgam4lS@gand24%4d 2Ba8pRaLd M6dsYectRRUIBREWNG Ap&6h bheldgasighd of
the leg 112 (and may be referred to as the |ateral |eading edge of the |eg
112) . Th@rlP’eftItlfOEﬁf?t’ﬁé‘redPH@Ft@dg@u%]I eadi ng side surface 154 which is adjacent
the outer surf{mns 131 e%riﬂus‘éﬂaféhlhllﬂﬁﬁatﬁiﬂroffﬁ@ﬁye#&%aﬁffa&ﬁ'gefnﬁt&%laélt@ncﬁﬁ ilbfg

| eadi ng shirttai 9 50 and adi ng shoul der edge ) %

Al t hough 2 lepsy g ppriva @l theshietad®fee as incl udi ng a seal ed bearing system it
will be Underfdl?f’dﬁ%ﬁ@tdf i1l 3 S0 ofl YSHY LaBidk FrARAChCAP Uk LD seal ed
and non-seal ed (air)y bearing bits. Sone of the illustrations show a seal ed
beari ng syst efil7Theégim brilleanics appdigaiioarnf  hykueldgrdagreenaignal cslondienaats on
assenbly I 129 forned in the upper shoul der
surface f%%ZStP%{%%LOFae\igng%Q%%%f%esﬂm@ ure 7B). Figure 7B illustrates an
i npl enent at i o0 8helrigim 6t illestape thenge b?@lnlgsieri oarbidel irsxied nesr thellgading edpe of

shoul der ﬂsurhg%ce 125. It will be understood, however, that the opening 129
may be f ormet partlally in the shoul der surface 125 and partlaIIy in the
outer surface[8D KfutheA laed 7R 1ikis(rixe lioniestroidvebast asutatyaame ]:lﬂB)nt including

Alternativel eni.n ex¢l usi vel t he outer

surface PEgection meala[ng fgl‘ghepﬁlgftgigdgte%&g’ﬁr{%g‘fﬁ ﬁge% éﬁalpa slot 134 is
provi ded i I’l t t(EOpUIF1@1ﬁre$§Uﬂﬁ@l@.€%s 33Dsobectibeal veg dl2peXdresiti Bg of Av@isllcynd r om
t he shlrtt and. a_hard at e ert 136 is adhered to a floor
sur f ace \ﬂf ﬁ"bt“%e‘ é}l%eﬁ ai?,@b?qi’inﬁlﬁroea?l)-‘\ﬁttaﬂgg%e Prgiegiipn pechIPWg - To prot ect
the lateral I{mq!] NG o@dge add ) Plhistknecrsfiseédorhl vievds Flaortled®fiaJegrdramb@dad in
t he outer surface 1%0 of the leg 112 extending inwardly fromthe | eading

edge 150 cgfe ¢ibbi pihiqhtigslpde epRpdEmensy of apma(flenwﬁsfe? proteging e depdeedss of a
floor surfaggum ddiisRodilrg; sl ot 138. See, also, Figure 9. To protect the

| eadi ng side surface 154, a slot 142 is provided in the |eading side
surface 154 of the leg 112 extendi ng7outwardly fromthe | eadi ng edge 150 of
t he shirorari2>s’agnd a hard plate insert 144 is adhered to a floor surface
within the slot 142. See, also, Figure 10. The slots may be m Il ed or cast
into the outer surface 130 and/or |eading side surface 154 of the leg 112
at desired positions, specifically positions on the | eg which are
susceptible to wear during operation of 9 WD 2012/ 044888PCT/ US2011/ 054132



368614- 2059PCT the bit, and may have flat or curved floor surface
geonetries as desired and which conformw th the bottom surfaces of the

i nserts 186,202434888d 144. [ 33] Al though the abovePdedseolmss132
protection nmechanisns are illustrated in Figure 7A, it will be understood
t hat any 9f,-gor e of the illustrated protection nechani sns nmay

sel ected 32%?14@3 on the rotary cone drill bit 110. Although Fi gurgggA
illustrates the use of several hard plate inserts 136 along the shirttail

edge 132, it W2l Heuthbeth odi s REISHHECSTIOYS A 3PORKM %Y el @ Beling ovi ded
ext endi n@r@é&l@gn@tﬁangmq@rﬁ@gm@m@(iget he shirttail edge 132, with a single
hard plate insert 136 adhered within the slot 134. Altho;?h Fi gures 7A and
7B i |l ustrat el®2dk Yjgweord dbyiaren amiomepicarievi fseretaryiame it trdudiggadi ng
edge 150 pafiediBf nanlshRitbr hd §hnW'a1h ladg@%n&'ﬂlg%aafnggg d d1ake GNRaiB! Ot 138 could

i nstead be provided extending along all or a OI’%I on of the |eading edge
150 of the shi424 aifipure\iitilpsgatss mefloss- watmabwawefﬂn@repn of| 432 ol h&vtarsl caRa hi n

t he sl ot Ei of several hard
pllate i nepfii HonaHaih BhRAnGA O AR EbERE huRllSE, P 3TN 11 D
under st ood t héﬁ25bn%g®16©t15 1@4@ 160Ut&ﬂratene‘beesdctbvealpw@ws ded rericandi niggatfong al |

ol ate’ i nstf Fha AR ACRAOERR ARl 3, SUAAR for g R RS, 17

i mpl ementedgd @nis; shirhial; port| on of the edge (shirttail edge 132 and/ or Ieadi ng
shirttail edg recei ve protectiaon woul t rtion of
t he edge whi CEOQ%EOI%T% o susn?gl 1|1E)SItralte M vafi’lﬁsr(?fr%l Ogﬁ)élrog eq?‘g “p”tl(hlgcpr%t ary
cone dri Ipkotdition iikGhanisms fortheBAl}rttE{eé@eence is now made to Figure 8 which

illustrates a Ss-sectio .view of a rtion of f arotar cone
et T byt i BT el S bbieann Rt fosne bl yic B nsPutet B,
mechani s a kdlardy Rbsge @ﬂblﬁdivﬂiem inclddBemBbdinerdtS4f d HedhanivindeChrbtdctind @hcOldidEig
surface 130 of the leg 112 extending inwardly fromthe shirttail edge 132.
The sl ot eﬁ%%’fﬁ%%/le%étq’ﬁ thigal gpd fhgeldery nt o the outer surface 130 of the leg

112. The sl ot [¢b3f figudefi NRGrA% @ fdoRRIricSHES asea 8@y &nb Rl WRlihcdl and
two side walls 164 (see, also, Figure 7A). The floor surface 160 may, for

exanpl e, PERCCOB fisshaaistis 491 the kepding %Clg?f'r efche leg at the shirian pnd/oylder; angk ved
surface. The t@@fi Rb@LE22 PS5 T4 ank 3§ 11'11§tr§tg|3ﬁ)rs§%c%ﬂamq@w§ BEa ﬁerEn d{3a41e b a
preferred enbodi nen a bottom surface of hard plate insert is adhered to a
subst ant iaaptagy emmdeﬂrhltn\ghlm gshuds gmpadimentg Of afmechanisg) fir pI@Ltng he lpastintom
surface |l e, conprise a flat surface which

conf or rms%t1 é*ﬁhéhlggﬁrtﬁe th%%&{ssgﬁfg%% or have a curved surface conform ng
to the curved floor surface. The neans for adhering the bottom surface to
the fl ooMEIAHAIEDIRGRIPEION LHHBHE DRAMINGSe any suitabl e adhering material
which is i nter(gosed bet ween the substantially conform n? (for exanple,

paral | el ) sur{BOEsRepEnsds RgWaie o Vigurest/dy iﬂall TH theiedsh allyserpigerarisqnppdric

subst ant il ¥r £RM-QLHRNGIBHI f1ﬁp&élumﬁgg@&wubﬁl%ﬁﬁs&rw}oﬁ% Anift et 8 10

mat eri al, sol der, adhesives, resins the i ke (see, for exa S.
Pat ent Aplpﬂ leading sePa cedgriegdntoNe. the 0@©Qrad d38mg 2dgthel diesgiygilirae wﬁll 20 V\D
2012/ 044 R h ted by
refer enc%ﬁcggﬁ:&{l glggl%t}l#ng? e g@%g&% %? ?hg %Im gé%ﬂ%eﬂﬁe %Péloq&(érlgt eri al
i's not expd#iotithd ylnﬂ hmwvtﬂ()l nTH@ dpar b128mclnd¢s foeamdgl shag (uotdﬁlpwtlosed ipat & he
adhesi ve LG Bl bouRuE AL BRlae G SO0kOTmL N8 AL P RHILA AT
fl oor surface. eS|ve materi al ‘pre ere{]bf fas"a Yl fl unlform
t hi cknes $11rbc&tohBMuttbtecoﬁ@ 200k monged at thobaasig ﬁl&cﬁtemam:bpbitanherem foamatloiihe har d

| ate i t 136 h that wh in th
Doa Ca OB byrr Sl dihelin o el R ben S8 8 CAG B oy W8 b ¢
or slightiby. expagkidnpeyengageosr Shn@htlBy of acessBdlobatdw, Hehegowt ake siy f ace
130 of the leg 112. Furthernore, the Qﬁ{}ﬂ? Iatfgrppsert 3 is slzed such
e

that an dHBEREE pFeipEeuly sl FRgapym i B {He a5 TRda e 18200 thhe i ot

134 def i n@s11004ssdcBat&iOw e tHdestfad 130 i9knd\@R i the (éﬁl a@Qhéj‘%MrttéM ingbont’ h@gsid rttail
edge 132. The hard plate insert 136 is made of a material or conbination of

mat er i al $£9ghi EhisdmeVaor dheadit as hsn shigkilsgdgamt ?hraﬂutﬁmelrﬁ%a% &1 af thadegd 1t nake

the | eg apgickMhdyt Eeakéferféfd e Ridr- %ag@ oft sHiErt@IﬂeMrﬁQe ip 5 lﬁﬂ%ﬁﬁl&%ﬂnﬁﬁhtest f1& hard
plate insert is nade of a material such as solid tungsten carbid

pol ycrystal Il i ne di anond conpact (PDCR, polycrystalline cubic boron nitride
conpact irvgreygri@ted di anond segnent, and the |ike. These materials are
superior to the traditional weld on tungsten carbide hardfacing known in
the prior art because they are denser and are not as susceptible to

abr asi on and erosion. [35] The shirttail edge 132 is provided where
the termnal portion of the surface 130 tran5|t|ons to an |n5|de radlal

Y A NN I T 1 b o Y b1 S A PN 7 v



368614- 2059PCT has been omtted from Figures 11 and 12, show ng how t he
hard plate inserts 136 are positioned at the shirttail edge 132. Figures 11
and 12 fuwOher2/a#sses how t he sl ots 134 are provided in tkreTase@n/os418f ace 130
of the leg 112 extending inwardly fromthe shirttail edge 132. A portion
190 of t [ ail material remains at the floor surface 160 of ch sl ot
134 (adj gg%@q@ﬁ inside radial surface 192), and it is at the fIB@?
surface 160 where adhesi gn T(1|for exanpl e, through bhrazi ng% is made to the
hard pl at&dingsBptiaih etge 15A apfhjadraflne cdepd 5 gh e shutarhfaliojglerpd thay tiliiser nal 1 y

exposed apigERIURIcEG52)t OrHRASSiablcRdineadge 1hDGnt Na&HL traﬁﬁwg aBY Q52 of HeGkRRSS 1N
the range of O. 550 to 0.500 inches shown in Figure 12, where

t he prot ERPBY Gxéengiars ofdhe ﬁh}ﬂ@ﬂt@égrdlﬁ%ﬂé@néeﬁta}lmdh&leﬁ@hﬂéﬁh%ﬂ%rlub? ahhe

ext ended g}@p@it Qgih fﬁrﬁl‘ér ittt @lehdlﬁggﬁe glﬁ?ace tlg'ﬁwﬁ Htls hd &%W tﬁ@ ot &hds. in a
conti nuous manner al ong that extended | ength of é In one

enbodi nerif0 of He Ieg bbk aighe feadies reigadirrge 190t Fha ke 38 sP g Sioukleand
thus the SBRIEGD BIHARR Bhu tH@%g&%ueacem@bqﬁ% A AIRGabBIREL Be Blet schiave a

conform ng curve.” In another e I ment orned to Include a

pl urality30f Bebbvdddrisatthop 25 at teride A heelly téinowmtessip fladas sheédderadgk a har d
plate in 0 0 r each
flat sur fSl gg%nd;%galmn%&o élgrae:;'i ngir'@r g%ﬁeé&%lnlgg&ﬁ f{@gé ry da% %%t%rﬁletpglgn co%?llgggﬁr ation
(see, dotof éut shmﬂ@rrcemememen%ﬁ’s af gk shattalhgd%djlﬂl:MUSTZJ legpeeidhgds pxtending [ 39]
Ref er ence it (oM IRTE el PHIGa el oL Bl BRc8 CrngSsRe st [anal view
enbodi nenuz)ofm lpg Giréei inO]ItldeﬂﬁEI:]&M‘in§ mud anfaches4 ahehad adjeant thg oﬁdgﬁlﬂ@a‘:e t he

eriodi mordf'and shdifa W 55T el B e @ hirti Pidss Bl Redieg | g

112 ext ergﬁl(bun@rb@g@aus(ﬂl y from the lateral |eading edge 150 of the shirttail.

The sl ot 138 maé be mlled or cast into the quter surface 130 of the |eg
112. The sl ot [0P38 {Khqygh livsiated, iog exqmpls asdpplpdipga feptyd bearinggysigr if willbe and
two side yaadrliSodlihdt the BRsen@ir¥entidhli9WFficd) o HoAe sdARNAndhot-Seal AFEH bed

adhered within the slot 138. In a preferred enbodi nent, a bottom sur ace of
hard pl at8si Pt of the ilgraioatshoy & wralef begmesyyetac dhe orighiop pistan scluies. The
means for, ﬁ%%'c@&p&ﬂ@u&%s’é%l? 45 aLRube wihd afnl (ﬂﬁfnng ynd ForhelBY thef per
exanpl e, n&al se any suitabl e adhering material which is interposed

bet ween tsh@él baifaes .1a$ lof Gortorifngeq fug, éxanpl’8). phigatel éB) illggfrates cas

i ncludin I f qr m ng
sur t aces B nemfh TRAER R orh QRN & dEE NE BRe I e P Ve
resins, anl behadéktked, (lwgeyerf hat dxapplieg 129 Siay Patfemed Appiallyat itonsteuller cat | on
No. 2009/0 di.scl.osu r n

ref er encesug%éﬁ?sg me&rlg‘??trlalceﬂy ﬁtheé) E:egﬁsljéa%ﬁégr avl\lllg %%ell%tz?{elbw%ﬁ({uﬁ)aea erga:gglgysr%at erial
IS not exyplermiitdly, tchaening m29:mg3ab<ef091ned:m¢clus1t\ze1w1ﬂ1 thelbeteusndarsti®od t hat t he

2‘3?? ZL\eIe .rrrﬁ'tee([idé%L STQ/%I%%E t§ Igﬁtag ],3;?) slbgg}%prov c{eg(fr? th?:‘r(])gtf} g‘u%fa]::flz ?%

2012/ 04488aRAEE WE2 %&ﬁcﬁh@ﬁ&ﬁr@%ﬁ%& Elﬁﬂfa’ﬂi'ﬁdgmwQa asdib Saindla@lihsgreuge ior m

bl a6 | nelEeting THE ST PhPERALESISLER (LHAF UHoNe adher BaTH HCToRe @ ot -
138, a tofealkidseedeésohf theenplal, @ sldﬂaes ts prdddBingubsl@uifald y30fdfush Wit h,
or slightly exposed beyond, or slightly recessed bel ow, the outer surface
130 of tHef ]r]@gexieilﬁmg F%W%rﬁ]éfrfFﬂS‘F ge I?Q%@gt%llgﬂ 1?)(? ak Be jshigly andgphard PlAS i@gers ych

that an qdgegs ddiRrdaf otdhBod @ttBeel RRIBH thONBOSIY esdeh@lsh eRbue]. | Td Ho@k didre sl ot
138 defines (or is coincident with or nearly coincident with) the |eading

edge 150 Igadpadidigugiieriacer 18ul420s prowisled i thetlegling slseurgtied SpIoathe phdbrt 140

is made QkcAdifRb&Gaatly F}Bmctﬁéfi%héﬂ% 'e@g% 20 dfl%ﬁee{hh%hl% W 'aCHar 16 TR 1aRrasi on
resistant than the nmaterial used make the l'eg ‘and shirttail of the bit.

I n a pr efadhgredtojarfisioesmsiacawiton, thetSllre 1Fh%\rﬁieep1ﬂa1 &igurs Bk tTheslotradey kefmidlegra er i al
such as t‘a‘{E@lﬁ&)etﬂe GRfePls gﬁacepf%'oyﬁld%§t1@a!d sffdéjklﬁfﬁ‘eg'qs&%@ﬂg&‘i (PG desired

pol ycrystall1ne cubic boron nitride coﬁbact I npregnate ditanon segnent,
and t he IpokgonsThesidicabt priti@hs omthe lsgipbrchowe swcdphiblettp agtiat dwmgloperlidn oh
tungsten carbi de hardfacing known in the prior art because they are denser
and are not as susceptible to abrasion and erosion. Again, the adhesive
material is this inplenentation is not externally exposed and subject to
possi bl e bugay 2257668v.6 [40] The hard plate inserts 140 have a thickness t and
wdth w (wherein the width is neasured in a direction perpendicular to the
| eadi ng edge 150). The hard plate inserts 140 are thin inserts. In this
case, a ratio of the thickness t of the insert to a wdth w of the insert
|s Iess than 0.5 (|. ., t/w<0. 5) Nbre partlcularly, the ratlo of the

o " Y b1 o b Y b1 o . 2 a0



368614- 2059PCT bet ween the substantially conform ng surfaces by capillary
action such as a brazing nmaterial, solder, adhesives, resins, and the |ike
(see, forwoxaryl4¢s88U. S. Pat ent Application Publication ROT/UZ@/08038442,
the disclosure of which is hereby incorporated by reference inits
entirety) hesive material preferably has a substantially u orm

t hi ckness 6%@9%%%% the conform ng bottom surface and fl oor surfaceBb%ecause
of draw ng scale t he adhesive naterlal is not explicitly shown in Figure

10, but ie G190 d ey e Flat FodrTradaooF Rurase eaneracsyist depired an sWtbFléé‘eﬁ?mbet ween
t he bott gymhske baee @rdcds Bemk ineks Bl facsd 14he hard plate insert 144 has a

t hi ckness such that when adhered within the slot 142, a top surface 186 of
the plate inséPp] 144hqugh dhenabosndessriped ppigetpneqhaniss atej ifpeipd di bwey
beyond, o gliigBt hﬂd&&&&%ﬁa%pa@wm&r@a t!h@ﬁﬁfst@egecﬁblg@ct%rrfl&ﬁ%n%nw bd he leg
112. Furthérnore, the hard plate insert 144 is sized such that eddge 188 of
t he pl at eelegiedkfar Ué‘pﬁ@sﬂﬁft wiarn eoreedirll W 1110.1 7dthepght Haurs| T8t illig@atetethi pesof or i s
coi nci de t r

ur face 13y frdfiuPERLAY ) SOUBRLAC inbhY cobe 13 i GBERS Gy ERIRa Al chOMbE

mat eri al 184 ceddrbisvad bopropiledrettending aéonmﬂlcm agogionpt ¢heabirga] algeddsivathant t han
the naterj ratt f 4 j I erred
i mpl enent a |eohlr4§£]§1laﬁtg ?Iﬁ ‘{Kﬁl‘? gh ?‘%g g{tﬁ Ay 1%d21%?8% ﬁrlrg%ésﬂ d:&%cqlu&ﬁ?g

t ungst en teawsbiol ggvepd Ihyndrgt&tt aisd:msnletomlmguhdleamrrpa«tge SPDC)he qmttyld;nywtlhbd i ne
cubi c boron itride co a grent

These macaiape! G SRERR B HERARHE Brof TR RN, Gt il e
hardfaC|nQMKQQMQ:Hm(ﬁh&spﬁuﬂrwahhsbgmamﬁaﬂmbammana)ﬁma&emmamdhaﬂaﬂmst as

NG (o B A (S Lt e A L

[42] Theihamd qakatisoi loﬂ&l@d’ tigrtchA4it RaU ebeaurddois@lB@EA dne asmd 1% di)bldeétmetseel n the
width is neasured in a direction perpendicular to the |eading edge 150).

The har d PRIVAtE cri7BUPs dlongall gy £PerHyhol tHe &niag ofgy loRiod theabitiaih Wi pelt t he

t hl cknesg;, Olﬂite ti8rt 1108 @liderddOw @it dlotWw40f 1h BRh JISKS forég@m@%mbt%ﬁﬁntﬁah&ﬂ 0.5
e, t/iw Mbr e artlcularlgg the ratio of the thickness t of the

| nser t tdhe Irpétl%' tthe sepshirHal pdpsdp? apddordlophingathiritail edee|la@sselepigd toreseiyq | e,

t/ we<0. 5)prot<§\(1%ﬁ‘ w'wfd%e%r }361@19111 8f thy edgte%téhqg hsQhsde lé t&' vgéﬁflgtﬁﬁl Op&fatl(glhe
insert to the wd t he insert | ess than 0. ﬁ , and
may evenobéwF@QQWPh%ﬁﬂbmllﬂl e. t/mKO 1). This is pernttted because t he
hard plate | ngauj spddd R &%?ad@ 0 240ES] i NEbE DRbh AP Ace and
not their perlphera ?as 'S e-case W th ress Inserts used
in the meUmnaﬁmlég@éarﬁmguwme4mﬁlntwhwhlmmgksEekemehnenu@?mdunmddegQO
Figure 1 st.r t n I bit
210 incI%H%nggnk]&%F%bﬁgﬁecﬁﬂh¥%ﬁéﬁﬁééﬁ?% ]D??%#$M%H¥n&8u (ghgé eadlng
edge of ttlhaeleg Ihl?r ¢tteaniding idwdrdly (@2hPthd el}nﬁmds:dger tﬁ?.t a[hbehbyliﬂomay lonmikd oofast he

drill bit 210. The l.e S ha ot s ~~see Figure
T+ e o aB IRl SR S b B 5 1R BT S0 b b PR G0GTRat: Pon

A cutter vm]lnEBQZé&ﬂ iv® stounhid 160 (steb,ealbeajﬁguﬂg 7Ab1af1tlle&ﬂtd)r 54rfA0® 160 may, for

2012/ 044888PCT/ US20 /0541 2 368614- 059PCT S orted tﬂﬁtﬁogdﬁor rotation.
The out err*EBF-HEE 9 nGlly Hd sprgreoars ttré‘?tmewat%g cfysuacee ihg Pard plals ingige 232

proxi mal 186 i {186 @RehdARe sITNBAl ¢ b pref@tedloioliagn? dDoasH 9@t o haiphud he
surface 230 iis known in the art as the "shirttail region," and the edge 232

is also Rh%ﬁhsang@ﬁ%FF@ﬁ“?&ﬂagmmﬁﬂmﬁagﬂtS@ﬁﬁéléo?h eslit 634 s kg B30 of
the | eg Zdgadeaf ecainbett fnbY, rﬂ)ﬁ@slaﬁ@leatso ﬁs@@dﬂﬁguﬁkﬂer&t{@ bon@sleR vaOmamed: a
trailing edge 252 of the shirttail T% | eadi ng ed&e 250 and a trailing
edge 252 fl9PT §uskaces 9T havedi qurved mpiacs soRREAG Iohe cetved Heorshifscer Ahe msersdon32

ext endi ngdfi’érﬁ)@gthé 'B@tt(ln? @gttféﬂ‘eotb tfl@?lobteglr%}@ magf-hﬁ)r%ihﬁlblbabemﬂrﬁg'aﬂy Stlft'dfbtlfher

i ncludes a | eading side surface 254 IS adj acent the outer surface 230
of the | eghaing matcridhevhidndi miprshied b@ta/ﬁtbn é@g@bﬂaﬂlallmephf@uglhg|(fqrmmat6ed f or
exanpl e i.ng: hat
tho. pr os ST VAl REnPLaRE SBELRERELAM TSR ba el s RERE LGRS

beari ng butfges by capilla[rﬂ4§t101icsuqzir ot @ bazinp enagdmial, tsblded, a@@geeSZ%;nsaaddahdhm at e
236 is adhered to fd.Qo rfage 231 [0)Y) ur.ved ter
curt ace 335 b <t e SO s A BAGHAT IENE T Dudbuiad U ISEEE' 55,
See, also, Figure 14. To pr ot ect theu]eadlng edge 250 of the shlrttall a
hard pl atrer2437¢ss6adhered to a floor surface 231 provided in or by the
curved outer surface 230 of the leg 212 extending inwardly fromthe | eadi ng
edge 250 of the shirttail. See, also, Figure 15. To protect the |eading
side surface 254, a hard plate 244 is adhered to a floor surface 231
prOV|ded |n or by the Ieadlng si de surface 254 of the | eg 212 extendlng
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WO 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT that portion of the edge

whi ch is nost susceptible to wear during operation of the rotary cone drill
bit 210. WO 2012/444888 Reference is now nade to Figure 14 whirais2eijosss? ates a
cross-sectional view of a portion of a leg of a rotary cone drill bit which
i ncl udes e iment of a shirttail edge protection nechanisml hi s
enbodi ner?fgg6]t4%ggottom surface 260 of the hard plate 236 is adhergﬁjrto a
substantial ly conform ng roor surface 231 prOV| ded in gor by the curved

out er surflidieisdugrebyfingqrorpied by rofermee ditte By i et ! (Fohns ARlSHG t t ai |
edge 232.addRRephab@al 2360l Sxfilityh&lowdehi mege Ry W iedhil 8dapddddo@mch t si de
edges 264 (see, also, Figure 1% The nmeans for adheri n(? the bottom surface
to the flageRsive naterag mprpsent Bthe%aa%ﬁen forypp Pt gwace @pd Apresusidtfer Thiy

mat eri al aHﬁHstB dla?teﬂa”tp%fa‘&@@qlag)%ts%ﬁ&htﬁaﬁf uRdGSt éﬁk%@s‘s'détv?e@ﬂftﬁd B RS ALT
exanpl e, parallel) surfaces including adhesive material flowabl e between
the substatten aifscesad dlopefurkge. f dbesagplatapisei 47§ harce ﬂmknsaﬁcﬁhclaﬁlaawmram ng
mat eri al , i g U. S.
AT L e R g i L O L g
her eby i m@hgimlwa:mde@i»emﬂe@resme@m recéstel hav.rthe gyter Beloeub® off thel fteavﬂulﬁg

scale, t esl terl I Gl i it

w il be CoRGOBRLHE nlfeSly Bher Bk R B ot B0 ML MBS S0t om
surface amdrehealblitol hesbatdt diTines ad liresiingdenttvéh ioaheaply ebecalohtywitasha
substanti ess b en the.conformn urfa e and
Floor -surfiaial 45 L9 Th MR B 6 By O O PR Bp B S AR5 5
defi nes (which Se ﬁlorembrade)ntreswtatnhth@n thHeSnana sl Liyed CcOinalc tden:tg avdl EHinxtatl IaEthefbltr ttail

edge 232. The thi ck ess of t m e fro 050 0. 500
Cnohes . fha PRArIgr BrmoaSior B aEEs T AP Brteat b e Pt

mat er i al samiileCpoldr stdIeedi ahsISddipast&BDEY, aﬁblyct}tsanmte i&ablmb@hlnahdasadpaw make
the leg and shirttail of the bit. In a preferre npl enent ati on, .the hard
plate is maganad ‘élalﬁ‘é?de?‘iggllents archihgdikey ﬂ@@f%ﬁa@a%lblaaesupﬁm 10 4 S??:ql"}%‘]ﬁlal l'ine
cubi ¢ bor@n &Y uhide GAHIRAMEIANEY BORALEL the PriofROBa Y MR are @Rckrlai@alinke.

These materials are superior to the traditional weld on tungsten carbide
har df aci i SRRIHALEitHRIRGOAIISFOSEt because they are denser and are not as
suscepti bl e t @33pragi @nAnEiLn9s isoﬁ?ovJJ@leMYe?@{h@rtéHnﬂﬁl ﬁ&h&@&ﬁﬁe whereadhesi on
takes place may curve, for exanple, with the radius of the bit, or have any
sel ect ed tenyiyed ©of irgdpa’@qhélnsur ace 192 [Qns]ltecrrp@raélhh fot thei base@ééhezsgnq $20

provi ded t f 0 an

i nsi de ra%\é?g nals?hdra a%glg%%ﬁér@g%tlg abngr a% é%l?% tt ﬁasgg’géﬁ% 4 egl{(%gﬁlel 220
(per pendﬂ&lﬂlhard IoI@tetih@rtbéaﬁ ifungtigth gof pr0®¢169gaamdwm)‘mgtchth@dnatallteldee b3t endf the
beari ng s S tect. aring
of the shlr En #% ﬁg@rsm legl?gs ﬁ(%)th%g(lﬁ‘huaf éle?q)ﬁ%aﬁn§§8¥39 ﬂhzsgrr ac ewgg

Al t hough ba méakte@tl bmaedgngnrstycstoerm iascordaners tvith ttledpresent mvéﬂtlobes aprdiedts¢ ood t hat

edge protectiqgn.in accord he present invention is applicable to
bot h sealtb gls %8[1 ?{]@r}wg@%alle%n](rgl?era?n%% ring bits. 16 WO

2012/ 044888 PC3652 MHe1H 854143 2ns3£8 634haR 0 2 MKness ¢ and widkA Jw (Wlﬁrelflﬁﬂld widaties 236
have a thickness t and w d erein the width is neasure

i1 ecti oMegem b CEra T PHESp fhe sre e 1955y T i el o akBer36 ar o
t hi n i nsefih $nsetd) ThiMis cLaSEati@of B tHck@bsst bem& his@ﬂme@sndth afoftthangkat Rs¢ 0 a
width wof the plate is |less than 0.5 (i. % More particul arly,

the rati &80 He- UMiBirheXlerapagieutany. (e é?t“@ o @%thlék%s%j o U Brert Rehpridte i s

subst ant ivabt e RS it BRafially (dss Bran 0/ NE<Pw220.5)EMBRN MREE pRaEdIABU IR t he
ratio of the thickness t of the plate to the width w of the plate is |ess

t han 0. 2 of thegthickqessiof, By insgiigép hayvidthen obde sy it leamthen §.2((c.eVW<Q 2wl 1)

[ 901 Fi 9iSvdif naRds i bl ISt L@l SHEL bbildARaRE uRt IRRI fﬂaerfns@ﬁs ihe leg
230 and including protectlon mechani sns for the shirttail edge 232 as shown
i n Fi gur erc1@tailp dyadhesia@20 thrasbdseansusitbe ansdndt themy eirigheralseded (asrgl thegrago show
how t he hapdy 30 o8 1 PRSLEL geaé tpl WShiyttail edge. 232, It is at
t he floo?ﬁsur#}% ngé% ]fqorrefe nborr E{ out &t gurfg)(r:e 230 where adhesion (for
exanpl e, throlUyf] brigeend) and 1@(&11@&‘@@ 1s¢metn@mf6tws mif agpdyadrnt ofivhs Ued ddkaRb0 of
23‘5252? g nc@xﬁwmt%fu%n e Qﬁlssrgﬁ‘“@o}! lhe's s'ﬁ%tsﬁfje 1‘[5§ He k‘gv%'lﬁ 'u§e Oé c%ﬁ% gidzg' Ly
protection is desired to extend in allcontl nuous manner al ong an ext ended

| engt h ofbAtthe2shivwttai | edge 232. I n one enbodi nent, the floor surface may
curve with the radius of the bit, and thus the bottom surface of the one or
nore included plates will have a conform ng curve. In another enbodi nent,
the floor surface is forned to include a plurality of substantially flat
and adj acent roor surfaces 260 and a hard pl ate 236 W|th a conf orm ng

o, T . o Y - o, o r o o I



17 WO 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT be understood that the
adhesive material is present between the bottom surface and the fl attened
surface. Wheordiaesssve materi al preferably has a subst antcalusgows416z m

t hi ckness between the conform ng bottom surface and fl oor surface. The hard
plate 24Q ] s, ,sized such that its front edge 278 defines (or is cojncident
Wt h, or%P%(’Slﬁlejé)ﬁgy coi ncident with) the | eadi ng edge 250 of the sh&fttail

The t hi ckness of the plate 240 may range fro to 0.500 |nches The
hard pl atds 23¢ P’%‘ltﬁﬁdfg foFl%}“ﬁSatlérﬁngl 120r3h%‘6‘%|1}?&’t Fhﬁnhaé‘ﬁ YRR ARSPHT 430TCh are

nor e abr 35ii0fhel Qs st diviall Bade 132€ MBLBY I Alindl 32 durkiRr RRKE héhehd aBsand are
shirttail of the bit. In a Freferred i npl enentation, the hard plate is nade

of a mat @FqVideddn b odier st 1 3PLeherlpe HE2 expmding sy adly Jrophe piatad gegecl 3Bor on

nitride compaeh 1'9Updfet9@%Bl?t@aﬂdhﬁdéﬁﬁdreﬁﬁ&@a@tthe Apet {hecd 166 of ThESQoti£r i al s
are superior to the traditional weld on tungsten carbide hardfacing known

in the priddacepirthe be@am@baltm@}cealﬁé) dehger aldhe llaeresuriage 19 whescefhesion €0t o

abr asi on 20g,1er QMO brdEa) 1A G3 AaTBhRR! Mo, 1B bl giation

i s not exter tﬁy glgp{)se and ject toﬁ%osssregt | e Weart 'ﬁi@J con?diq@m{?ng

surf aces mehferae lsadhe@it@’nalbfatce)ssqdl anclesuryt gupeseiblef prarex dhplinsert whayhhavhea r adi us
of the big. y te d configuration. 110531 The hard
pl at es Zﬁ%cﬁlgglselﬂght Ei?rf]g?éﬁf 1H5h§§h w (wherein the width is neasured in
a direction pEB[SbnAIs msvlwann FQutel’ﬂé Wb@cdtha@r@ctglen 25Q}iredih exthat id ap;baﬂlIEBSUQ4O are
thin inserts. ralo t he .t hi SS f the te to a
width w &;an{l%r alohgd%ne eilttgn egslgn oy tl& §11r<tta11 edge 1%}2@ OE li wise ex Cfécllr.lll 4 Y,

the rati Qoﬁlfnubtlilﬁmﬁﬂ]ieﬂlﬂﬁ@&att extt)efndédﬂén@h af Eheteﬁgé: (1020 thd)tnh ewb&flm'eﬂiwthp Ifiabe I S

substantially | ess thal ven e particul arl

"ot o of SHRF HD oL T i Sihe b 58 b i aitbre PRI sREE Mol | pos
than 0. 2 ifdluded .instrtyvwil Bave aadbﬂfdﬂmMgQ\Aﬁ/@ Hﬁ ah(ﬁﬁf& dntvdtinfdnd tl{d sl@ 1s fdrimd&@® 1) .
110541 Reference i s ngw which illustra

cross- sectq ¥l PIvREY Oétsu%taﬁti?lth %ar‘i 364 a‘%iaqe%bﬂ%’F surfaces %ﬁ%/ a‘&‘bh Bare Plaq gt whi ch
i ncl udes 138 vaikbP db B in O TlaPb ot /EfabON %Bﬁhétﬂfo? RudiOfatt dfFadeeAdl iAGr@dee of
the shirttail. In this enbodi ment, the bottom surface 280 of the hard plate
244 is adHaR®d inor Allelpdeedoreriss FnliBIion Hiceg dptedolines mferakcs 1391 indisatmed i n or
by the | gadidgiguniace 254 of the leg 212 and extending outwardly fromthe
| eading shirttail edge 250. The plate 244 is further defined by a rear edge
282 and two sl elgesnzgyngws awmde &) Eigyre B igleillpgyates rgosseediondlorevadirer i ng
the bott r r y

Ui t bl ¢ T heeh 1 i R o R o (R IEBOREGAY,
conf or m magchdnpym €ocahp lagsralplaadand edg)B duhd Bgemcludmiubld hgeradhakigyelgaat ¢hd al

f1 owabl esf?,g&a‘{‘teetﬁ i€ E&P&Fﬁ”&ﬂ ¥3§%3{§8V1£"d”19 R (Eutear%%%ac%y 36%@1& 1&%{5{123‘3“ on
such as a brazing materi a soIébr, a ives, resins e (see

for exanpkendiby SlwaRﬁy dérin Mo dhteebidading Pug liﬁ)atﬁ ther shirxtallZOIl&/ 0Q3B8413y bhe

di scl whi ch h b t.ed t
4 3l 02Ul L L 5 IS PR DSSUROURLES Y ] SOEDE AP
Fi gure 16urfeiwt17[)tamat bvaﬂ&ﬁ\@n&@xﬂz&/sﬂé%ﬂBm(ddSZﬂﬁbl/F@ﬁﬁelM) 36BOHAd 2DHOPCT be

and the. FPET (ShCMETRS REBOR THe Folth N EeREn CUlPatcs TR MBI

mat eri al ppreineEabl anhas i@ msulst sutdcallhy obitef w3 hitek nesss hetureng e
conform ng bottaom surface and floor surface. The hard plate 244 is sjzed
such t hatPo1em spifasg o dg dloopgnlagempnder ¢applescmyiriye F‘%ﬂtltaw phherigg makerighar |

coi nci derfni fshhiekiiBed Badedd 1RAGBs@RANPTcohRENSBI (drt &lalnple T P&ralifl} clRRSs of
the plate 244 may range fromO0.050 to 0.500 inches. The hard plate 244 is
made of anqhhing pdcsiyr wymlndevale Getveat ¢he arstagtiplbh capfermng esugBieashon

resi stani., gy atch@n Etﬁh%fs'aatraktﬁg%aké}laﬁ%ﬁielt handsRes, %Qnss Qh& fRike Qfe the bit.
In a preferred i nplementation, the hard plate 1's nmade of a material such as

t ungst en csample.de.S. Poent fmnhy@roylsltv@lw&the 1\811130&9/%66412 e diselesusonipalich is

i mpregha n a or to
the tr adlthtg 1%oﬂ %&ggﬁ%}%rsgctaeeﬁ lt(t:s};%h n!éfg)e har %%gegfﬁgfaﬁﬁ%&le Weh%&ﬁ%??éor art
because tgriabisaodepseatly atmslvnan ¢igunt 9, st i wzslt:bq)ltndthEDOtl thagihe adhesive arekrigh osi on.
Again, the %Qe?lgﬁ' W& nrtﬁé got rtséce[ Qr{ds the or s%nt at’llhe rgldlllesstOtateen)é} LR rabh)y
exposed anf 055| e ‘conformng aces Wher

adhesi on t akes pI ace may curve for ez<arrp| e, wWth the radl us of the bit, or
have any pseheetvedtocurved configuration. 110551 The hard plates 244
have a thickness t and wwdth w (wherein the width is neasured in a
direction perpendicular to the | eading edge 250). The hard plates 244 are
thin inserts. In this case, a ratio of the thickness t of the plate to a
wldth wof the plate |s | ess than 0 5 (i.e., t/w<0 5) Nbre partlcularly,
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110571 Further illustrations for protection using plates at the | ateral

| eadi ng edge of the leg, including |eading shoul der edge and/or |eading
shirttai Iweage/@ssssal so provi ded by way of exanpl e onlyPCIrtUusRéitog132
understood that the protection nechanisns nay be applied to any edge of the
bi t thats%&%4§#%§eptible to wear (including shirttail edges and tg@%ling
edges) I 81 To protect the |lateral |eading edge 150 and s ace 130
of the leg, a slot 138 is provided in the outer surface 130 of the |eg 112
ext endi ng W&PVIE‘FIV ORUCHR thickpeshfeigl s gonigrmping briem Priacse aphdlept ~140

i s adher ggificQ. and hp@ Fla&:liﬁsfeﬁqao Wt hhRkARE suth Hat #B& adhBRd with&Qhe §TbIBRE: 9. TO
protect the lateral |eading edgz 150 and the | eading side surface 154, a

sl ot 142 sYseei/ | thedf hapitianicBadl mysudsariady gl it shehthyhappsed beyopd.

ext endi ng, Qllijugc‘fll?rrgdeﬁeﬁ HeIdWt i dugddinige 9496t ghléQeg]@lQV\QTurthermore the hard plate
2012/ 044888 US2011/ 054132 368614- 2059PCT of the shirttail, and a hard
pl at e i nsesert 14014 sized sughdlrag an edged 78 plobe Peigripgeppgsithihe rediaval| 132 ofitho sloSee,

al so, Fi gy eede J0is oBkRED: e of QQ&lHydc%'i ¢ a%ﬁéjhﬁﬂ) g@dd&gled 456 f gadu@gﬂd' ng

side surface 154, a s 42 1s provid int I ng sl surtace 154 of
the | eg $1112ace>15é)rrﬂ|ﬂrrﬁgsh@mal\waﬂ@ﬁ hard Pl@mlnﬁhé 1§ﬁwh@ter0f IaemrmgomWI@ﬁQn ofand a

hard pl a S 142,
See, ol aorqeiBhcty? e BRIy B BBl 2ECMAEHD hehoShBhyif 2
shoul der oﬁmeftat:elnla25refeare¢ liroplerh&8atios, mecbmdqmte |1m;e1tt htemscﬂﬁooﬂ donategalrsuglces 125 of

the leg 112 extendin y.fromthe | 51, an pl ate
i nsert ]j glsten Ca 1% e‘% hfcgy\%lilfqeodéall’mosnur a t&?ﬂ{%r % ﬁﬁ%smﬁ n% Clj.%%gorglé a%n&éi. SO,

Fi gure 2Q@ompat hmmgnamesjt aibinatd esynent, tahe tISeLlh]EfﬁC @hds2 Gnatérinls @REsupériirancls, nmay
be |npract|cal 0 i.ze. and positioning of the o en|n 129. The
o ot o g O P B To i Sl AR R B T e R 550t EHODRGT ST ace
125 and/ ahd laeadbing: siscletibMI b abeasibpdanaf erbdién. | egpaib]l 2habdidsisé merp0sd tHions,

specificalg¥ positions on the | eg which are susceptible to wear during
oper at i oAMBIIEHALS; if notexiematy ﬁ%ﬁ%“ﬂﬁé?J%?“bﬁ?@%ﬁ‘??bor surface geometries

as desired anghaohi el meehpigle Mt ud D€ e ROt S J6@E wOfwHeReh 1hes8lh$s 140
and 144. 110591 Multiple protection nechanisns are further illustrated

in Fi gur énepgired in agircpigepciitadirdenigdhe kiadingarige daA®- e didelye inseies 140145t r at ed
protect i gfy MRERANH HIE AtBYa B0 SEheHiGHeds Qb1 1 €ns8R «J Q@/lcﬁlprYhqué’éﬁ idlekd | DIt
110. Al'though Figure 7B illustrates the use of several hard plate inserts
140 al onghanHkS (ieadimtg-Sedifercisaicujagly e ratigedf thedhicknesoiooftthiainsanie thd width 38
could in n or i di ng
cdge 150, ot AeRib AR ST ARG 8PSl T B el IR P 58

Al t hough OFltlg:uhekmeBs i ofl the insert esthe rvedthse obthe gepers nsaleSShtaaIdO Bl(at.et/Wiser bl 144
along th Iea th e) 4 oul d

i nst ead En pervgé/p%leds tgg( éﬁgi ehgttfvé r? 'H]Ilﬁ lggrgﬁlg&%%%g?%ﬁﬁ%fh% Cﬁ%ﬁ ° Hris 13[ 1?me:dge
150, wit hrearesauneglb@ aldhesscbnrlbaheer bms)er $urfbdd araidive niedr wriphéral ddae (8|19thel(¥ﬁ§h

Al t hough F qg QI g e t he %%e o&hg %:ngle hard plate insert 144

al ong thé’ g% SR T ?Wﬁ SH ePTE™ P WeP'T® "De understood that multiple
slots w th mula4ipl Refelserit ﬁoxﬁﬁmﬂdtobﬁ‘glﬁé oW iviien ilaRdatéLe drbgrsettoat] vidveosd ot 142
coul d be provided, extendi ng al on ortion of fhe shoul der .| eading
e 150 POl 1ok L & A o B A i ik el o Bepdbisrch & RECENDE - 140,

Al t hough nidcBatisn 63 thé la'tt&ill’laeid@fﬁg sdae ofsie Qfiruail SIMNEHie chBs@mphiathe sioager tis 140
al ong the shoul der | eadin e 151, it will be understood that nultiple

slots wi PFPVAFAEP HPeeleﬁ‘qﬁ%?lg% Srbir ADR! W B HECNERding sEHEAY 1ot e fera] o1 138

coul d bel&ﬁﬁ&kﬂ@ﬁlﬁ%bﬁﬂﬁhﬁﬁuﬁiOm&:@bl1@Znﬁy@@ﬁ&n&ﬁop&miﬁﬁ)ﬁﬁqakﬂﬁgm&ﬁadlng
edge 151, with a sin ard plate insert 140 adhered within the slot 138.

In each 6&Priackd >S4 et @egqgnlgwl bt élﬁeHQdﬁ Hefined by pdlogburiasn 18k areie “aldé2 prkadi ng
shirttail,gdge wlaﬁ91 nﬁéeo b1s§9ul-d %% | ?ﬁ@ﬁa@@pﬁégﬁseilﬁlth iSEIeGH SHntAnk SiBei ve

protection woul at portion of the edg IS nost susceptible to
wear durildg &pe p@ﬁr@ﬁ egfbodimeny, @tbaitgm suhace ¢f hpid Hlﬂt@ inpargis a@iperygdto the floor

2012/ 0445RRRCTLHSALIGA3 3239881 2OIRRCT e v Qe R, K e 78

primarily l'ustrates the use o ygon ate Inserts, It
understomdwtﬁamxmhyepMEmEm¢amemn@bbawhhamenaﬂyﬂd@@ﬂr@dn@Maﬂel@hwwhuming

circular sh %)IF%H Coln mmga(por ef‘ampc m rpaﬁa{u&g O;fcfggr,sfr‘&%ﬁ Ay 2Andi & meatenﬁrﬁgwablet h size

Furt her nore e rrnser erent °si zes,

sel ection dependlng on placenent posiiion. [ 61] Reference is again
made to Prguse7@svwhich is also illustrative of a portion of a leg of a
rotary cone drill bit which includes an enbodi nent of a protection

mechani smfor the lateral |eading edge of the leg. In this enbodi nent, the
slot 138 is provided in the outer surface 130 of the leg 112 extending
|nmardly fron1the | at eral | eading edge 150 The slot 138 may be nll!ed or

o, .. . Y A NN o b1 A AN —— o A NSt



21 WD 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT [62] As before,
hard plate inserts 140 have a thickness t and width w (wherein the width is
measur ed WO 281244888t i on per pendi cul ar to the | eadi ng ed@€TABR)11/034182 har d
plate inserts 140 are thin inserts. In this case, a ratio of the thickness
t of the pser o awdth wof the insert is less than 0.5 (i.e.

t/ w<0. 5) 36%4é2[08grticul arly, the ratio of the thickness t of the Fﬁgert to
the width w of the |nsert is substantially |ess than 0.5 (i.e., t/w<0.5).
Even nor @34t e ayqnyially penforgtingosustacesy qapiliapireden puchras taﬁéa%lfi%‘é‘?‘tfm% o the

wi dth w Qblatheadicsey; tresln'fé allrﬁ‘lstﬁe 1iR@ kel 3r Elanfplo, 1.6 Wden? AppROEARYUDIRMESH De
| ess t han This is permtted because the hard plate

i nserts fhn%@@%&%% Wédhssgwgé REWhish is kyreby anqornostechy is{frange B ISrFIUESY- t hei r
peri pher g, aglQSivE Adiekisl ﬁrérémﬁ@%ﬁs Mblgtahmy%ﬁ&%l thicdknds9B&HES HS @(%f(')rﬁnﬁghe

prior art (see, Figure 6)). Reference is again made to Figure 10
whi ch i s batien surfhqgsandafigoy sugacea BQﬂﬁﬂﬁeo@f Grwing| segleothe sdhestvgr pateHas @ef | | bi t
which in rat

i ng Sy HBETREELAPIS. 1Bl 18RI k08 TREBEDURRL Fhaklif s BSHE |
the | eadlbngvesm the uphawdackszhdghe tlhe Suefgcel mleel)arcbpkaiengseauﬂ\%dm@l laythitkngm t he

| at . h
I 2aglr ﬁg s? e[hgﬁr glggd%g% W-mlﬁhtgl} fgeoé 11%%2%%12 otlgﬁg}fq ef %nﬁ%q% g fl oor
surface 58@fandaltyefinshvmith, ot 8Rgtatydexposed diegendwat Islghnlgttec(esseé bek@lws the Fadgny e 7B) .
The hard pj 4 d

e har Fl a I%lCB QEE I;)I? thelfe 113 %%F[ %{%ogwtqerhard Ilalg'te 1nSf:r(t) t141;!' 18 dshzed s%%ntﬁat%a%en?:‘ gor

enmbodi el t om surface o nser er e
surface 189 obfhetpme skt op'béﬂte thb ecafrealn 372 ofrthadlbet381@f1hhse(obtstdoﬁmasntrvh&ce to

T b e R N R

par al | el plasdmkae e&o 1snﬁbd¢d¢frhgma@hﬂsor\@nm&iaﬁdsﬂ af mhleA¥¥RRInEchbRE WeeN atirheon
substantially conform ng surfaces by ary actiaon such as a brazj ng

mat eri al CSEHNYpan ROHRUPRA JISCH & ke %E‘fgtﬂ@ phindail o dBe bflor Ineg Aprpireed y

Pat ent  ApRbief@hh@sh, REOIHakBbla@N id¥er 200100884 AdwrifinSucdi SC hRSHES CQIfbldé’hl Ch i's
her eby |ncorporat ed by reference in its entirety). The adhesive mat eri al
pr ef er ablPPlyRevstaing ydiamantt j corPyctu il oy nAl I siaess cpae weasnn t HEidg ofIBRast ng

bot t om S%fm%@&t&l”&la&h&%e{gﬁﬂéﬁtf @H@theﬁﬁ&auﬁl%sé)fnaéflﬁ¥o‘“af&9s®&€’dr6to ddgaREgpi ve
material 1S not explicit hown in Fi gure 7B, but it be under st ood
that the ve@éﬂw@sﬁuv&stwéwedmrdf&cuml@@é/mln Hetoiessrt bmuﬂgélnerydm @qnﬁefrae@aramdt t he

fl oor sur e

adher ed V?\lllg ?%Q?PUEE;%Q ag"%‘g& grgé ?%pk ?ﬁl}?tgecg ?3126 B]P{eﬁlﬁﬂg %}%ésngdral% %ﬁA IS
subst ant inat éxyerfidliyshpwid ind sobjes!lth gorsible \eeaposed beyond, or sI ightly recessed
bel ow, the le ZPQH%' 19&1 e n?ﬁ%lﬁ %?ﬁhavfa atufﬂ a%gr%wdtﬁ“r{w'h%&@{hg widflg; hard
plate insert 144'is S|ze that e l"at’e 1 nsert opposte
t he rear mwabdredliniza cbfecmdlqaespeodlcdlaﬁtodm‘ kathlsg ‘(ctge 16@5) d(hlemardctém insertshl4grarmear | y

coi nci dent th eadi n ou sur 0 he h | at e
Cosort 5 An st oM AR Pl R kol s SRR Y B R i o
abrasionkmeﬂms&ﬁhﬁethaROSmehnmiﬁﬁuaﬂmuﬁeﬂrmm)mﬂheﬂﬁ&@ekegﬁandnﬁhumumﬁlI of
the bit. In a ferred i t he har | ate i nsert de of a
material SRy BBt gL Eah b 00 G eSO 0 E19TgR $a1s KRBT 405 000 PaT
car bi de, R Ak Gickhésk Der dﬂeaﬁ@ﬂdo gerpastw 6PBCinseR® M6 st @b ld.da/veiyc bor on
nitride conpact inpregnated di anond seﬁnent and the |ike. These materials

are superaP‘il)lmaﬁ’ GVEMeE lersahan §- bA Uestldbo htsdﬁa%rfl’étrt?dc@%’isﬂ@eﬁ]é?ddﬁl%|Hi§5rtﬁknown
in the prughrafetaif@RURBestdheY (BELLARNS QlrfBNEnBR& R p@HhSHBERRADIsqnd O
abrasi on and erosion. Again, the adhesive nmaterial is this inplenentation

i s not exeerritl hypespddeyraned subp euer agsisoEierse) wear | [64] As
descri bed pr eYd4@]JS]!léTere£&e13 hl%dmme%eplgd}é%tvanch%umve% A LOh&GHOeRS, §r And
width w (wherein the wdth is measured in a direction perpendicular to the
| eadi ng eelgey cpBOYrill Wlhél@]alﬁbldmg@r@equng giethkanisny ferythe st edgeeandghe legdinghi s
case, t Ri f t fo t sert
Co 15 1 esaiq Rl yfudy; RCOPAEpbn iR oA hor et i 2l 18 1 e

t hi cknesg12 lmﬂucteh@ beals@ shafto(nphghowindtde hMigwt Mhefararse 216)i whishlestendst inad | y
Lﬁ?(s:kﬁlggs%o ,?rgl & rs}dhz%/ér};K ? dlI‘% t10r|1E v n rcon? Q%(i]fes%:ljolﬁlg{ézfl%{(b thterl])ear{nat%l 1t (8?1’1; the
(i.e., t/w0.2), and may even be Iess4than 0.1 (i.e., t/w0.1). Th|s |s
perm ttedsbBetausest he hard plate inserts 144 are retai ned by adhesion to
their bottom surface and not their peripheral edge (as is the case with the
press-fit inserts used in the prior art (see, Figure 6)). [ 65]

Ref erence is now made to Figure 19 which illustrates a cross-sectional view
of a portlon of a | eg of ‘arotary cone dr|II b|t V\/mch i ncl udes an

I T . - . o N



WO 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT substantially flush with, or
slightly exposed beyond, or slightly recessed bel ow, the |eading side
surface 1SO20f2/u4#888| eg 112. Furthernore, the hard pl at ePCHABSLA1108432 s si zed
such that edge 188 of the plate insert opposite the rear wall 172 of the

sl ot 138 [ (or is coincident with or nearly coincident with

| eadi ng é’gg‘émr@%(shoul der surface 125). The hard plate insert 14%6#3 made
of a material or conbination of materials which are nore abrasi on resistant
than t he SHRROBFY dherepfiofpr 9taigRe e OPish) suriareshity pt A9 logr 2k derpinates |34 &
preferr GQemﬁﬁblﬁmg@Mzoﬁﬂomhﬁﬁtohﬁé &nBhay. eThdS8bh of the 1BAA 2 QfsodialdBighid such
as tungsten carbide ycrystal line di anond conpact (PDC), polycrystalline
cubi ¢ borBHaciZ Pnﬁén%hwdé% aft g s ol EpRiono ridd desy pRsk 1232 dhalse KBOWY Re.

These matgtiral & a’ér‘@hlﬁtéﬁ%rdlg@* TR dag shFradisopate Pé@'z‘ﬂz ey @ahiBRec A pi de
har df aci ng known i rior art because theg are denser "and are not as
12}

suscept i Maélnlgdhﬁ%ﬂﬂaﬁsig@ﬁﬁgh@ eryinpedge A§aioh thetshisttaald s Igadingeadae P2} andsa t hi s

i mpl ement, 0

D] oo e SRR LA R AR
t and w dlnehlength whige Bigr? 1&-hEhanihatthil fegiongargher gxludes éale@ldmgmth amnfape?Peridécul ar
to the | e i s. In
by e BSOS AP 8, TR B 3120 AR T P, LORERUE,

i nsert t@llussadedaﬁsr ¢>dampleOas51n¢1udleg a settml:(bee&mlg sVbe®, pamlll b@umhrmleﬂsgood tthee theat | o of
e KRSER o DB 5L e AR el oo
t hi ckness t ot04t4hercb poesct tht: Ghikthgl edlgdtz:hz wmfd plhe 236$£z[dhe1le8 b esooi duafacd. 2

oo 1t e bRkl AT Sl S eeriondie o Dude ke Grtditdmpy dumeSiBn Lo

t hei r botshigailsddpé 28% @emlmﬁghﬂamr m%medmmabada@gﬁgé @3{) dfshd fhﬁtt@l@,saﬂlam t h t he

press-fit |nserts used in the priqgr art (see, 25‘? %%4 %‘Fa

Ref er enc @42 WdnAdhgtsd 19 6ﬂii‘i’fg°'ﬂ¥f%°e§élthdﬁ in ‘PTLPé/tﬂi‘ea‘E"é‘éeda?u ulace 2 otdbtal view
of a por tlégonQQ&teﬁdlhggwﬁidlﬁfrbﬁttﬁé Déacﬁﬁgﬁ&igg%(b bf (8 §hiddai1 CBed, NIGH, lﬁjg%h%e £ To

enbodi nent” of a protection nmechanismfor the |ateral | eadi ng edge of the

| eg. | n Rt é}?ﬂ%ﬁéfwrﬂe sukfycg 23¢ @thaafé@aqegﬂars(?w%atq arflqoR eirkige g ]d@PVlé‘if’r face
125 of theod l%gthéie%dl‘ﬁgfsﬁ@%r%e bswgr el ¥ fz'i@%&ﬁ}ﬁné &ﬁ@graiy 2t R8I e 51

The sl ot 138 ‘may or cast in he shoul der surface 125 of the |eg
112. The 280 of tll@,shlrt@ulde?iqenékﬂo blf/lg@ref1|6ooAltbwhaaélethleﬁopm@c:tmamevbanllsmi?26 and
two side e ) ol p €

adher ed W@L%ﬁdﬁﬁ%lé gtnlgg.%gpn&ag%gegs %Or%rteh ' Qﬁ%r&glécr%nlin,&tea ott Itr%t%tg ace of
hard pl atechaserst miysbagiereddot wetonghd togroy cenerdraclgt 210 'Bie fidve ssﬂfms 138. The
means f or,, AIRCLINGnIAGRO! LTSI AEE k06 L ARSI AGRATRY ohOb3)

exanpl e, rrpr|s any sul er|ngmaer|aT WAl C TS erp

bet ween tahé edgeiS0antdi ahyl Yave dlaf or evirveg s@ff@are exaopleas @dairal drel whishucdrdoes

i ncludin ive eri n the substantially conform ng
surfacesq’ﬁgﬂg %tofn aceét élﬁpLa?e\é\ﬁgéi?AQ |ng mat eri al, sol der, adhesives,
resins, 24 WWO[(ROL2AD4ASE FRGTY LJS?MMI@S%&RteéB&ﬁGﬁdﬂQﬁ&QMI piads, tiheill bke
(see, for xa S, Pat ent l.i cati on Publicatjo 2009/ 0038442,
Lo i sorpEianbRage B SnBerl fhucs SSPstatuge Firar R fal 1a
entiretyand BRaaup GruptheioaMafighos@ah Bigufd, adpesdswen BRbEditfadend stz Perhaps

explicitly shown in Figure 20, but it will be understood that the adhesive
mat eri al "Yl@szreégléﬁtonlﬁl@?%é’é‘ﬁOPHE‘C%WB%%face and the floor surface. The

adhesi ve mat e[jsg| RIiRSugH M e N3SIARLAETHANL 8 LMD bh@r pthD Sk ARES dret ween
the conform ng bottom surface and floor surface. The hard plate insert 140

has a t hiskikielssled ddh ittvrl tbe whdassteihibrtede wlatchi 36 come et be Bpvidgd eypnding f ace

176 of t Qﬁ)ng AR | boHEH bt héChitedin %H’é?:sﬁgnk'ltﬂ)dg}ﬁ Fflélﬁlé 15 Moo Ecbues e ik bORLLMI
exposed beyond, or slightly recessed bel ow,” the shoul der surface 125 of the

leg 112. heigr nlies (e eplate RAOdond the dgading @é@ﬂr 25010f0h¢ shigfadeid vslidh unfirsstoeth edge
178 of 't ey RhabRI MRELKILRARIR] §Epb0Rcd 10%%7211 Bf a bOfioR oPlne {%@dl%gf' nes
(or is coincident wt near |y col nci |ng e

(1 eadi ng edger Iii)c@“ tm64l)1rtwﬂ tlheaghofr the éwrbgmﬂ'gwmlman@tqmloart ehd pgaert Oﬂthe ellge made
of a mat (o] o [ re. Jmre br.asi on si st ant
t han the%hlt %lrl |e%11¥e used toler?gﬁlé SP f alf dée 8) t% tail ot ptr(ﬁecugn Wou}d’g
preferred i npl ementation, the hard plate |nsert is made of a material such
as tungstreratardpivde, pol ycrystalline dianond conpact (PDC), polycrystalline
cubi c boron nitride conpact inpregnated di anond segnent, and the |ike.
These materials are superior to the traditional weld on tungsten carbide
har df aci ng known in the prior art because they are denser and are not as
susceptl bl e to abra5| on and er05| on. Agal n, the adhe5| ve mat er| aI |s this

. L, . o v o



WO 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT The outer gage or shirttail
surface 230 of the leg 212 (located at the gage of the bit) termnates at a
sem ci rcuwanroedyess®32 proxi nal to the cone 220. The regiPOom/Uskotiosd1Beg 212
associ ated with the outer gage or shirttail surface 230 is known in the art
as t he ' region," and the edge 232 is known in the art a

"shirttai Bééég%)Sb The outer surface 230 of the leg 212 laterally ?gﬁ.m nat es
at a leading shirttail e 250 and a trailing shirttail edge 252. The

| eadi ng &RfYE°HILR LG e48¢ Wg ich IO qgeeBpl (gvaahduring; qpefabpn ol gty gone

ext ensi og®fc tthe shirttail edge 232 extending along the length of the |eg
212. The leg 212 further includes a shoul der surface 225 (above the outer
surface 230). [Offe Be{pgnesdr neviprde© ome bt whigh iljusgatonperpyessetionphvigestd nat es
at a | eadbAPnNAULLSF 180€8 e”o’ié d%ﬁl%lﬁwhcﬁ'lﬁdmﬁs %HQH’bQ&ﬁleﬁd&e& drdil Th&

| ateral l'eading edge 251 and lateral trailing edge 253 of the shoul der
conpri se Peotecsing ingpakangsin. t Fethshdnptrodiignt, éhlfgb@t%elr@ﬁ@ 2065 0f the digrsleplate 28 ys
extendin ol t he
at oral TARang L AR boRorblif AR ke | ATHRGIIR R RGP e O

si de sur fsadee ZBQLOthﬁ &l 212 andifxaandnig ln\m;dl(ytftoer the ghiftad @d@3B2adde shsuildder

surface f. & j il,.e di ng
shoulder%égggdgg%sbk%QE%%%gg%6 gmkﬁﬁggsgg?g%4é%%l#yﬁggﬁﬂ%?ﬁl?@gn%E%Ealed
beari ng sysmmnmmﬂmebbmhnBmﬁmammﬂsykmemnﬁmehmae&max@mﬂ$$umpnenm@ensamaon
assenbl y 7. installe n|n 129 for i n er _shoul der
sur face 298gp TH@) SEhid 5 Moo ERIBLNP o RS b Bre R bR uher e n
t he openmmgﬂ&QSuﬁamiGmﬂﬁﬁmgnmknﬁewﬁhmuﬂnkﬁhemshewkdeﬂmsumhmﬁeugaﬁumkt wil |
be underst% howeyer, that the pe. 3% ﬁ mgg orned par t ﬁ ¥ in the
shoul der SBTAFHEEC %ﬁﬁw&ﬂlﬁm@a?lﬁg erigl it dfegives: b oindihelifeg 212
(bel ow shawl ﬂ)@l’exﬁﬂlﬂéa@@ P2Gnt. Ap¥licaichalubVi€dtion Nmezoowemasngz RO ar@ysude of or med
exclusively in the outer surface 230 protect the |eading

edge 250 WM& BUEDY SBFTREECS By BRI By eﬁtir[?ty) ‘a Br‘i’é?"de OF draving ecals t]%1"7‘dher ed

to a floQuhsielAa&ia3d nbr OWLERY hBwRrin Beurd184 CoikVie il We BlndSidlob@ i 280 of
the leg 212 extending inwardly fromthe %eadl ng edge 250. See, also, Figure

22, To prébeite mawia Badrwn eayen 2Boboee wrac ailine guier slasqr Thpelhosne o

hard pl atg Gaf phFerdslPahsd §u‘Bst§ntfahl9QImI§Hﬁ fiRE e &3 beREQY e nkdtmiy Ritohhe
| eadi ng side surface 254 of th eg 212 extending outwardly fromthe

| eadi ng eugee28@ logeprfacg| dbe hﬂﬁgm@%ss sifegl spelothacts franeedghgOf define exddi ng
edge 251, & i f I dtoa
1 oor _surpacdtBhaads Raas e ot I8 nefinu OBE 8 Skt L A0 BF he Teg
212 ext er?dd mepyouahguafrainy0.§50otm Q.5 Ineladi nBleebbg@ pB{fﬁl%GSsema@I efoa nitegal er 24. To
pr ot ect i der r . e

hard pl at’ el%Bﬁlgt%gls&gn %%%gsd ? e?‘? 02‘2%%%? raeglge{ &3 ﬁﬁ%%%ﬁ%i%l lfqu orrgfbk%][%%
curved s h@gﬂrmdehlrtsaﬂ dfabebil 2 aolﬁrefeh‘ed inep;erﬁélrﬁatenl e dam@Iatmm/aJnadb yfh mmrﬂahe

| eadi ng e 1. See S n installation.on

ool dor SEF w6 Ries 55 SRy o A:G sElline 8D Bon ARkE (PhRRT i BBkREed ¢ e
si ze and dposginti egineg, add tlfeeh@peﬁhmg rilé’t@malQareV@paﬂer{oOM&&&R{Bﬁélusaﬁldd 054132
368614- 2059PCT %J thou multip ction nechani sns are

i 11 ust r at'G$SeR cpibilg erdiacing kngym 1 '15‘8 Pﬁ‘ﬁﬂé‘ﬁg’?gadfaef AR AP EIA™ BGF & of t he

i I ust r atsedeRIbl ©Gbia0ibn BRTCEBE0:S MBhe MY 0ARinG SLELke Hhér0 hdiSOn Cked Plécd 1QEAT Y
cone drill bit 210. The floor surfaces 231 are preferably nmachi ned or cast

into the SBUEPT SPPke ih g radius Auhe iy, g7 lPaVPéEPi %??‘P%FIGH@“% ﬁelfléﬂr@%m?SO and edge
251, and may |age TheahirRsil 88l isSH6 i LIS IEROMNB kdrindfl ﬁ&uéﬂ%ﬂ tﬁ@ﬁhrﬁa@«gﬂm' ch
conformw th the bottom surfaces of the plates 240 and %%0

Al t hough URpgigns 1aminsidaripdigl pyrfags 2P osisnieh eagpdlel by ﬂﬁol?%@ﬁathe SR it
will be yndenatandd !ﬂ@tbearh@ RhALEE) HADRAYFdBNNnIBSL " ?%esﬁeaﬁﬁg £Haﬂcmdl ng
circul ar shapes, oval shapés, sem’-circul ar shapes, and the |ike).

Fur t her mdihe haltdtpéatﬁl 236 denctigmn toqotedt agiinfteveamne & tlzfe@lrttplé edegpS2wihd prosipy ef

sel ecti ondpaadhag OBl 38EMEIBASLILAN beyine whed] isAlbRaRN M gupe 21
illustrates t e use o “several pI ates 240 ﬁong the 1 eadi ng edge 250,
it wll bedasidal dhovge phogictiona qﬁbad@cemhamjpldsqnnsnveawnbeanpthmhlaj@daoth

ext endi ngeaq £Ng nsea?ed(a' %Ertlﬁ o of the | eading edge 250. Although Figure
21 il lustPares he Uee BF SaVE Al hard pl ates 244 al ong the | eadi ng edge
250, it will be understood that one pate 244 could instead be provided

ext endi ngaahongesabkl or a portion of the | eading edge 250. Al though Figure
21 illustrates the use of a single hard plate 244 al ong the | eadi ng edge
251, it will be understood that multiple plates 244 could instead be

provi ded or that a single plate extending along all or a portion of the
Iead| ng edge 251 could be used Although F| gure 21 |Ilustrat es the use of a
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27 WD 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT di scl osure of which is
hereby incorporated by reference in its entirety). Because of draw ng

scal e, thwoadir#sisse material is not explicitly shown inPErgse@1®22413but it

wi |l be understood that the adhesive material is present between the bottom
surface gg @E) %I attened surface. The adhesive material pref erabké has a
subst anti ?V R’ f or m t hi ckness bet ween the conforni ng bottom sur Le and
fl oor surface. The hard plate 240 is sized such that its front edge 278

defines (or i540bi Fes b4 00 Brvei s tricdapssyt ah Wi antviereihyhe e ésdi ng

edge 250 \@fasdréLinshilifdctidi perpehdRulaht Lk eifiallcabdh @3] ahe hadpragy236angid rom
0. 050 to 0.500 inches. e hard plate 240 is nade of a material or

conbi nat il¥EOf Inthie §r5Cad BUKST B1§ RETNChHDrd RRapplas fton Widhh Wsef 4pg Pltg anlepsban

mat eri al gusgd, U@<6§j<ebeeepah?cglaﬁ9dth§ mu()totf ﬁie th1@f<ne§§1@0ftlhé plat’ert‘o teRYigh &Y bed
i npl enent ation, the hard plate is made of a material such as tungsten

car bi de, tepdate pbﬂup&,tary@ilallqw fen fgHi-e, Yordhdnitiven dwrepeampadarly e ragrdited

di anond t I u

v S LT G S S L
because thhéyss teeOddnsefwdhD. are not as susceptible to abrasion and erosion.
Again, the ad |V i ati-on

exposed and sttgjﬁlsc lg‘F;gg g?)sag!li t%?elh\%\%ieygtr% 1gém%§%rg{r% ororfn%n%dr@%lpgg%lg)sﬁ%mﬁy
adhesi on ifchkig pbacte)nnmgchamsmeforfthﬁr shamalﬂrpdl@, 23R4 as shovwre iy Bigurad 3ofThelvenddi t,  or

have any 5 ted ¢ nf i at| s 240, for
exanpre. 670 PRGFLoSHY Fo RN BABE wowhewid bl APFangh B RO MERAACH | <
measur ed thensharceglil det 23N Ip&sr @ehmjﬂ@nulsanfactadsl Iﬁ(ﬁnieealdbmlg/ @d@&uﬂ?ﬁ@)zsomr&ar d

pl ates 24Q are thin ins In.this c tio ss .t of
the pl at 881368108( FRARY O‘E%ﬁ‘é”a&l%)ég iR elt‘éE? CP H™ 88 Ot(‘?m éur ac‘f @zﬁe%‘ih Mor e
parti cul aatdyplat P86 ah idgs Gfay! (e atifdsBis NRESial 1@ﬁottdﬂ&:r1ﬁ|ll§-teﬁpds@d hhe st b w of
the plate is substantially less than 0.5 (i.e., t/w<0.5). Even nore

parti cul é’PfsyoeWﬁaé ratio of the thickness t of the plate to the width w of

t he pl ate is |®3p Amﬂn&l @r& w18, prédt¥éidn 29 desOH 0 BYen8 R cbRinh8&Smitien 0. 1
(i.e., t/w<0.1). ef erence i s now made to Figure 23 which
illust rata@slg&n@fﬂe&edéetgfh nth‘F shjftigilegge B2pdp opoembtdigentelfe gporsupfateasy cone
drill bit.,Meivef thé‘ﬁhfﬁ%ﬁth@'ﬂltea[ﬁ*a(?ﬂismot@fn RrBEQSRGT bRy %?@ffk@lh%ﬂ f18¢s t he

| eadi ng edg I'n this enbodi ment, the bottom surface 280 of the hard plate
244 is adtiBhad a nforailgsuaEt uhamoyheeemb‘eﬂimmqm flogrrsugfagefin bamoBtp ingdpdeed i n or

by the | of .4t u i &roem the
Ceading S P oF NEGEEE0 e Ol MLt Qo B0 BT AR b 8T cdge
282 and tcmfosmde ﬂedgewnﬂsmfaéfseearmad@bfor angu‘tae s@fia)ce afith plates @nsarfapgedadhver i ng
the bott C e i &,any
sui t abl e%ggélﬁe%%% ﬁbg O&ﬁ Tatl\/\?cw) ?tst&fln%er%%%gce xf&\;\%gﬁﬁ ?Cf‘lae(:%gtlr}ﬁé t Cfa%‘lf)l ally
conformng (f mszex&esfpﬂeeqe 1pa(v\ahiaé¢ o I8guré T ekich ﬂhistnaiesrugcrasﬂlfse@wmel vieat effd al

fl owabl e bet we ubstantla Yy, conform surfaces. by c action
such as. oBPESRy dhgieh P oaf il SOHRRLpRGS RSl PRbeRbo] cee.

f or exanmheehanidnSfor H&tlenﬁng/kﬂ@é ofoat ktotaiPu b ihdahibodiniNa, t@ﬂﬂ&éﬁ@%&b@mo bvhe 28
WO 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT di scl f whi.ch is

her eby i A¥o? %P]é{ee?d‘ﬁlﬁl a‘ﬁl@feé‘rt%ﬁcg&bﬁt%tlﬁ S BT R ygOr S &Se Fedimii g

scal e, thg adliesitace 28Bbehe Rl 219 arﬁpéxt@mkgh@atrdny_f@hﬁwldamnghtgﬂtraﬂ edgd, 250Ut it
wi ||l be understood that the adhesive material is present between the bottom

surface aha P24 igdyrdisedelingd Py adedrdghe’d @é‘di”ﬁ@l icdees e elsorhigUsdhesi ve
mat eri al 19y efi@e aldans @S adheAMD HeaBSdoR] bitrdid AdMILE GhABS abetoresAmplre
conform ng bottom surface and floor surface. The hard plate 244 is sized
such t hatcompgsef pphsuigdlfe adiegngepptaed vhichis BETRcsH SAtvenR tthe sBbstangalhear | y
coi nci de%nf%ﬁl@ (ftongahﬁﬁéib%ll@lﬂ%fa@é%&ﬁd&%@d&mé hlaihr ﬂ%%letﬁyt&é%lﬂ%é of
the plate 244 nay range fromO inches. The hard plate 244 is
made of aubpantpliyacordernipgrisinhaces b ebillant egtionl ichviis ¢h beaziag nprterial b pedéron

resi stan t r %59 t I e bit.
In a pr e%glﬁérgfe{7 g %ﬁttﬂéeﬂﬂéérjl%&?hfgpﬁa pl Q?‘ e P?%nﬁa Ieﬁja#l&gtpgrrlgtcg%;naN}s uch as
t ungst en 2@@9@03@@}2 PRCdispoduye ply sthahl ik hereby lmcorpbmt@lnb)n retfﬂfrmde ig omatety)

i npr egnatged. di apnd. segrent nd th materl u or to
t he tradlE{%’f%lrsl% vel 4= ah e lr}lﬁ a§1 en’‘car r|1a(ﬁje Ote ﬁ Sho nm fhet 1Bvrvllﬂor art
because they are denser and are not #s susceptlble to abraS|on and erosion.
Agai n, tmellaghesiye material is this inplenentation is not externally
exposed and subject to possible wear. The conform ng surfaces where

adhesi on takes place may curve, for exanple, with the radius of the bit, or
have any sel ected curved configuration. [ 78] The hard pl ates 244 have
a thlckness t and wldth w (V\/nerel n the wldth |s rreasured |n a d|rect|on
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29 WD 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT No. 2009/ 0038442, the

di scl osure of which is hereby incorporated by reference in its entirety).
Because ovodnmvid4urgsscal e, t he adhesive material is not @xpluseittiog4ishown in
Figure 13, but it wll be understood that the adhesive material is present
bet ween %%ﬁ %;%%§n1surface and the flattened surface on the Ieadigg si de
surface. ol %z sive material preferably has a substantially uni I'm

t hi ckness between the conform ng bottom surface and fl oor surface. The hard

pl ate 242¢iWdepad aijche pHatsiverBalprynt age DR8Ccdeticndiopoiuriase @B Hl§ dent

Wi th, or fiagedd@autiiceC OITAE iadi@Rtve Whdtbhal tﬂ?&eﬂa&gma@& ag@n @Y - unldfn thiceteness of
the plate 244 may range from0.050 to 0.500 inches. The hard plate 244 is

made of &gl caionMEg oAt Ereomd e FIThIcS WRE Bffdaae At & s aufton
resi stantg li@ff‘roh@&lrgénzb%éfﬁ{es redcdifiBK §ich & it ﬁ&r@f&ggéig?ﬁt%ai) |theol_t3ac%i1tfge bit.

In a preferred i npllenentation, the hard plate is m a material such as
t ungst en edgar Bi0de thepiymitail ofhg dhigknesd ¢fitheeplaig BHE mpp ragae ApmG4H€ (@ Bapamehes.
I mpr egnatigd gig RS RIBOLE o HAEENG chifiatid RS Ra RIS ARl Sre B SHREE OF O
t he tradi t?onaﬂjrm\j\e?cﬁlon tung%tenrlcar bi gleﬁlﬁ%r d(?gcallt.ng ﬁ&m%en the pr(lgor art
because tresjanarteandéinsestcrm dised €0 muke dle Sgsoepthitpié of ghabrtasion raefdret osi on.
exposed ARBPDURRNE REN Bl B btk JrTERHBI SR Gl SEGGL OPRLY
ﬁdhesi on pbbz}wstﬁiﬁamabina%omum?_ﬁde Fanpaex amplegnatad ﬂﬂgmbtlrrﬁ segnﬁntjsanldf tthb Hécggillt y or
ave any .sel ected curved co rat.ion. ard | es , for
oxanpre dro GFSHC P Rl e e hesi s AP B R BhERUh <
measur ed theprior dit be@itsedReypae panrel adlagr not as dub@plidlad agastagad 2kikjon. Maginhar d

pl at es 24€f %{he.thi n Lnserts. lln this case, a ratio of tge %.hicknes t of
the plat &% BEVG BRI DS NP IGRSRAEOR & 19h SR Cxposed nd gubicl QRE%EYe oy e
parti cul afchay , TH@nforhing saffadeh &htRiaaksiemSaltes @lact ARy pluat &of Sxabdp:, Widtie w of
the plate js substantially less than 0.5 (i.e., t/w<0.5). Even nore

part i cul &4y of theehit, ggliaye gy sefrstef GrryrheSetradin .t he plate to the width w of
the plate is [®3$ Tﬁlﬂﬂar@g&atés‘ 24 havk/ IMiflekddss @A WRYh QY BheBEn RS Siddnan 0.1
(i.e., t/w0.1). - [81] Reference is now made to Figure 25 which

i |1 ust r ateswedingsdiresier papeadicylaei e 1sadine ctzomf The hag nbfes2Z4Pstamyn cone
drill bitingshi oy diRehddesiar BRRAGTR or e Ral%Oh f5dth QoMRONAR| SIS Rn t he

| eadi ng edge. In this enbodi ment, the bottomsurface 270 of the hard plate
240 is adrel.edVws0.d). sMbgtraptculrly ythe satib of therticknesol ofghg plaledo R wilgrvreld i n or
by the s K I i inwar fromthe
Cadi ng. CgRAS L TWLARR, KeSugh g B, BF-ALD. T B Qi T o0
two si de tadgess (27 dhe(da@e o the sadth F gunepl@ s leFhbanfbafg., o020 ved inng evéne
bottom suyr the fl surface may, for exanple, conprise any suitable
adheri ng%ﬁg%grﬁ?gﬁ'lv%?'t%wﬁgﬁi nt er posed between the substantially conform ng
(for exanpl e, [(5di aRéfedehcessundvaoese iorftguwrdi Mghab ibsirates nadersealondll vaavadbl 2

bet ween t he. substantially conform surfaces. by capillar ctio uch as a
oy oo ng iR RL0G plarg bR A BhARER A arl ARb R F L bR

exanpl e, nidchaniddatoe e 1&gl cdlad bfhe Fhitddail ¢ 8t thdrenlNodini2@0 HeMoB84 4asfack 2680 of

di scl osure of .30 2012/ 044888PCT/ US2011/.054132 368614- OPCT.which is
her eby iﬁ%eol?%%P]éfe 4B§/a fedr '@ g ubstaptiphhy confrpying gor s 368&?2?‘8 g rht Wg

scal e, t hig Rah@SiuvRcIBI4NfitY lek S 1N Sxddling iobdward@ P @om th 1ckdligyl kiaridi edut 1t
wi Il be understood that the adhesive materi al ischg{esent bet ween the bottom

surface antt tihe PRfctdien derten iiied by prsaryige SR anhitetifardsss é¥efabidohas a
subst ant ipgduky 13N IThe Lo kitRAS: BEHYRAN stfiRe 6OE Mob} RBraBOhEP M SUhhsee and
floor surface. The hard plate 240 is sized such that its front edge 278
defi nes (COMPIY & neifaplnpdigring meferiglswhish rip yinteanosed Getiteetyiths subspatipldadi ng
e dge 251 -coﬂ_flaﬁnﬁl% '(ﬁk BER1D %aﬂaﬁ@) RAlrBt& igAQdiH{?XdHeQOQ ﬁlafefiglr@lcgvagﬁpoettv@eeg RO0
inches. The hard plate 240 is nade of a material or conbination of

mat er i al subskAngpllyacenforpries awiagss b qapdliast agitont yyglh ap hee braaingrnaibrials eeldero make
the | eg shirttail, of L. rn i i - har d
pllate Us RO, A epdnd IR Bk 1ok QL PR Tty TRORTRN PRt 86 T he
cubi ¢ bor2600/P038¢4Hehe dspasie phphegnathedbyl irmompochtsielgmetitrencand itshmatifetke.
These MaGELAL S ALEin WBRLRah iSRRI QB8Lie R (1 4A05S 8 EQNP! de
har df aci ng-kKnown I n FRe prior art because ‘f‘lgy ar 8 ‘densert’and”are not as
suscepti bl e to abrasi on and erosion.18Agai n, the adhesive material is this
i npl enentratiponR’ésssnot external |y exposed and subject to possible wear. The
conform ng surfaces where adhesion takes place may curve, for exanple, with
the radius of the bit, or have any sel ected curved configuration.

[82] The hard pl ates 240, for exanple of Figure 25, have a thickness t and
width w (wherein the wwdth is measured in a direction perpendicular to the
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[ 84] The hard plates described nay be of any sel ected geonetry thus
allowing for the application of protection to conplex surfaces of the bit.
[ 85] The wDl20uxag880ns of protection being applied usingCIlusee1and3pl at es
at the | eading shoul der edge and/or |eading shirttail edge is by way of
exanpl e .. 4.L.being understood that the protection nechani sns cri bed
may be aggéggﬁh%% any edge of the bit that are susceptible to meagg%
(including shirttail edges and tralllng edges) .

2012/ 044888PETPULL 014/ 5 44 1v86BE 142l 2‘65@@8‘1‘ between[ 6‘86‘]0“13\11& Mligh apt dber r ed

enbodi menfageRll db@cdT®hN@E 18khAPRArAlHE. hawe RBEvd hlakshr dtedatl Habe
acconpanylngwgramhbgs and described in the foregoing Detail ed Description,

it will Bebsimdabsyndlerm thgmesshetwesy Bstcrpirmias hetonm purface and idpor pefasehdel ment s

di scl oseqargdithic g4 i—‘sad@z%@s@chothatrlt&rfﬁfn% erﬁﬁrd'éﬁﬁ&?&el@ teSincilBH vilnC 8 isQRS,and
substitutions w thout departing from pirit of the invention as set

forth an@o@éﬂﬁm@dthﬁ)ghetlwémg@ﬂgqﬁﬁorvé the) shjrtmgl 1312 thlq/]@ess of the plate 244 may range
2012 0445%1%%1@6356&%?9%6 ARt 32 RO 8O 451202 GT i bt laSnebAtl MERohiBinaddn 6y Fotary

cone dril conpri sing
materials which are more abrasion resistant than the material used to make the leg and shirttail

of the bit. In a preferred implementation, the hard plate is made of a material such as tungsten
carbide, PDC, polycrystalline cubic boron nitride compact impregnated diamond segment, and
the like. These materials are superior to the traditional weld on tungsten carbide hardfacing
known in the prior art because they are denser and are not as susceptible to abrasion and
erosion. Again, the adhesive material is this implementation is not externally exposed and
subject to possible wear. The conforming surfaces where adhesion takes place may curve, for
example, with the radius of the bit, or have any selected curved configuration.

[055] The hard plates 244 have a thickness t and width w (wherein the width is
measured in a direction perpendicular to the leading edge 250). The hard plates 244 are thin
inserts. In this case, a ratio of the thickness t of the plate to a width w of the plate is less than
0.5 (i.e., t/w<0.5). More particularly, the ratio of the thickness t of the plate to the width w of
the plate is substantially less than 0.5 (i.e., t/w<<(0.5). Even more particularly, the ratio of the
thickness t of the plate to the width w of the plate is less than 0.2 (i.e., t/w<0.2), and may even
be less than 0.1 (i.e., t/'w<0.1).

[056] The illustration of protection being applied using slots and plates at the shirttail
edge and/or leading shirttail edge as described is by way of example only; it being understood
that said protection mechanisms may be applied to any edge of the bit that are susceptible to
wear.

[057] Further illustrations for protection using plates at the lateral leading edge of the
leg, including leading shoulder edge and/or leading shirttail edge are also provided by way of
example only, it being understood that the protection mechanisms may be applied to any edge
of the bit that are susceptible to wear (including shirttail edges and trailing edges).

[058] To protect the lateral leading edge 150 and surface 130 of the leg, a slot 138 is
provided in the outer surface 130 of the leg 112 extending inwardly from the leading edge 150,
and a hard plate insert 140 is adhered to a floor surface within the slot 138. See, also, Figure 9.
To protect the lateral leading edge 150 and the leading side surface 154, a slot 142 is provided
in the leading side surface 154 of the leg 112 extending outwardly from the leading edge 150
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2a body; 3a | eg depending fromthe body, wherein the |l eg includes a surface
edge 4a bearing shaft extending fromthe |eg; 5a cone nounted to the
beari ng swefzni2/Ba88] east one hard material plate havi ngPrPam/usdgea/0s41d2 a
bottom surface; 7an adhesive material attaching the bottom surface of the
hard materjal plate to a 8substantially conform ng surface of the g,
wher ei n gﬁgﬁéégégof the hard material plate 9defines at |east a p8¢ I on of
the surface edge of the leg. 12.The bit of claim1l wherein the adhesive

mat eri al CAftaPHig e 5t Plath st bides 4ihosed et Hawduaicer itn s Hete! 4>

conpri sesed didoowakle1 RANeSio: MRLBbIAdr 1Ll RS ad1 Rt WeasdifesiRolukasa
3surface of the hard materi al flate and the conforn1ﬁggsurface of the I|eg.

13. The bild*g¥sled 4P i proviret ©i the teading rignapiase ddhelsthy et exicading Quiyaghazi ng
mat eri al .from the shoulder leading edge 151, and a hard plate insert 144 is adhered to a floor surface
within the slot 142. See, also, Figure 19. To protect the shoulder leading edge 151 and the
shoulder surface 125, a slot 138 is provided in the shoulder surface 125 of the leg 112
extending inwardly from the leading edge 151, and a hard plate insert 140 is adhered to a floor
surface within the slot 138. See, also, Figure 20. Such an installation on the surface 125, in
some instances, may be impractical because of the size and positioning of the opening 129.
The slots may be milled or cast into the outer surface 130, shoulder surface 125 and/or leading
side surface 154 of the leg 112 at desired positions, specifically positions on the leg which are
susceptible to wear during operation of the bit, and may have flat or curved floor surface
geometries as desired and which conform with the bottom surfaces of the inserts 140 and 144.
[059] Multiple protection mechanisms are further illustrated in Figure 7B. It will be
understood that any one or more of the illustrated protection mechanisms may be selected for
use on the rotary cone drill bit 110. Although Figure 7B illustrates the use of several hard plate
inserts 140 along the leading edge 150, it will be understood that one slot 138 could instead be
provided extending along all or a portion of the leading edge 150, with a single hard plate
insert 140 adhered within the slot 138. Although Figure 7B illustrates the use of several hard
plate inserts 144 along the leading edge 150, it will be understood that one slot 142 could
instead be provided extending along all or a portion of the leading edge 150, with a single hard
plate insert 144 adhered within the slot 142. Although Figure 7B illustrates the use of a single
hard plate insert 144 along the shoulder leading edge 151, it will be understood that multiple
slots with multiple inserts could be provided and further that one slot 142 could be provided
extending along all or a portion of the shoulder leading edge 151, with a single hard plate insert
144 adhered within the slot 142. Although Figure 7B illustrates the use of a single hard plate
insert 140 along the shoulder leading edge 151, it will be understood that multiple slots with
multiple inserts could be provided and further that one slot 138 could be provided extending
along all or a portion of the shoulder leading edge 151, with a single hard plate insert 140
adhered within the slot 138. In each of the foregoing implementations, the portion of the edge
(leading shirttail edge 150 and/or shoulder leading edge 151) selected to receive protection
would be that portion of the edge which is most susceptible to wear during operation of the

rotary cone drill bit 110.
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14. The bi
15. The bi

t of claim1 wherein the adhesive material is a brazing mate
t of claiml wherein the hard material plate has wdth w and

rial.
a

t hi cknesswoO,2022/43¢888i n a ratio t/w<0.5. 16. The bit of cl &cmuB2ethesasn t he
hard material plate has width w and a thickness t, 2wherein a ratio

t/ w<0. 2.
and a thi
the hard

T it of claim1 wherein the hard material plate ha
3%%ﬂé§§5?, 2wherein a ratio t/w0.1. 18. The bit of clainlﬁcﬁk

| ate i s made of solid tungsten 2carbide. 19. The bi

mat erj al . Ol |
claim 1 wherei®0% h‘glﬂl%lgﬁ Frapre /P qringyribt Blupaisiae yre of prlygpaphlelg insers 1o
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wherein the hard material plate is a

, Polycrystalline cubi ¢
oval shapes, semi-circular shapes, and the like). Furthermore, the plate inserts can be of

different sizes, perhaps with size selection depending on placement position.

[061] Reference is again made to Figure 9 which is also illustrative of a portion of a
leg of a rotary cone drill bit which includes an embodiment of a protection mechanism for the
lateral leading edge of the leg. In this embodiment, the slot 138 is provided in the outer surface
130 of the leg 112 extending inwardly from the lateral leading edge 150. The slot 138 may be
milled or cast into the outer surface 130 of the leg 112. The slot 138 is defined by a floor
surface 170, a rear wall 172 and two side walls 174 (see, also, Figure 7B). The hard plate
insert 140 is adhered within the slot 138. In one or more embodiments, a bottom surface of
hard plate insert is adhered to the floor surface 170 of the slot 138. The means for adhering the
bottom surface to the floor surface may, for example, comprise any suitable adhering material
which is interposed between the substantially conforming (for example, parallel) surfaces
including adhesive material flowable between the substantially conforming surfaces by
capillary action such as a brazing material, solder, adhesives, resins, and the like (see, for
example, U.S. Patent Application Publication No. 2009/0038442, the disclosure of which is
hereby incorporated by reference in its entirety). Because of drawing scale, the adhesive
material is not explicitly shown in Figure 9, but it will be understood that the adhesive material
is present between the bottom surface and the floor surface. The adhesive material preferably
has a substantially uniform thickness between the conforming bottom surface and floor
surface. The hard plate insert 140 has a thickness such that when adhered within the slot 138, a
top surface 176 of the plate insert 140 is substantially flush with, or slightly exposed beyond,
or slightly recessed below, the outer surface 130 of the leg 112. Furthermore, the hard plate
insert 140 is sized such that an edge 178 of the plate insert opposite the rear wall 172 of the slot
138 defines (or is coincident with or nearly coincident with) the leading edge 150 (leading
surface 154) of the shirttail. The hard plate insert 140 is made of a material or combination of
materials which are more abrasion resistant than the material used to make the leg and shirttail
of the bit. In a preferred implementation, the hard plate insert is made of a material such as
tungsten carbide, polycrystalline diamond compact (PDC), polycrystalline cubic boron nitride
compact impregnated diamond segment, and the like. These materials are superior to the
traditional weld on tungsten carbide hardfacing known in the prior art because they are denser
and are not as susceptible to abrasion and erosion. Again, the adhesive material is this
implementation is not externally exposed and subject to possible wear.
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2 boron nitride conpact. 111. The bit of claim1 wherein the surface edge is
a shirttail edge of the leg. 33 DALLAS 2257668v.6 WO

2012/ 044386RCI/0483811/ 054132 368614- 2059PCT 112. The bi t Pofi/usk@itios4i32 f urt her
conprising a slot forned in the leg extending from2 the shirttail edge,

and mherﬁig %2§§gonforning surface of the leg to which the botto frface
of 3the HRPH% rial plate is attached is a floor surface of the

113. The bit of claim 12 wherein the adhesi ve materi al attachi ng t he bottom
surface 20of tHSZhatdPefcehirdrlay Weatsy y0ihaee p ypnesy gnd adGsw (Rereip dhe

conpri sesyidnfid A¥akie R8RSt pOPEREdufik (o the leading edge 150). The hard plate inserts
140 are thin inserts. In this case, a ratio of the thickness t of the insert to a width w of the
insert is less than 0.5 (i.e., t/w<0.5). More particularly, the ratio of the thickness t of the insert
to the width w of the insert is substantially less than 0.5 (i.e., t/w<<0.5). Even more
particularly, the ratio of the thickness t of the insert to the width w of the insert is less than 0.2
(i.e., t/w<0.2), and may even be less than 0.1 (i.e., t/w<0.1). This is permitted because the hard
plate inserts 140 are retained by adhesion to their bottom surface and not their peripheral edge
(as is the case with the press-fit inserts used in the prior art (see, Figure 6)).

[063] Reference is again made to Figure 10 which is also illustrative of a portion of a
leg of a rotary cone drill bit which includes an embodiment of a protection mechanism for the
lateral leading edge of the leg. In this embodiment, the slot 142 is provided in the leading side
surface 154 of the leg 112 extending outwardly from the lateral leading edge 150. The slot 142
may be milled or cast into the leading side surface 154 of the leg 112. The slot 142 is defined
by a floor surface 180, a rear wall 182 and two side walls 184 (see, also, Figure 7B). The hard
plate insert 144 is adhered within the slot 142, In one or more embodiments, a bottom surface
of hard plate insert is adhered to the floor surface 180 of the slot 142. The means for adhering
the bottom surface to the floor surface may, for example, comprise any suitable adhering
material which is interposed between the substantially conforming (for example, parallel)
surfaces including adhesive material flowable between the substantially conforming surfaces
by capillary action such as a brazing material, solder, adhesives, resins, and the like (see, for
example, U.S. Patent Application Publication No. 2009/0038442, the disclosure of which is
hereby incorporated by reference in its entirety). The adhesive material preferably has a
substantially uniform thickness between the conforming bottom surface and floor surface.
Because of drawing scale, the adhesive material is not explicitly shown in Figure 7B, but it will
be understood that the adhesive material is present between the bottom surface and the floor
surface. The hard plate insert 144 has a thickness such that when adhered within the slot 142, a
top surface 186 of the plate insert 144 is substantially flush with, or slightly exposed beyond,
or slightly recessed below, the leading side surface 154 of the leg 112. Furthermore, the hard
plate insert 144 is sized such that edge 188 of the plate insert opposite the rear wall 172 of the
slot 138 defines (or is coincident with or nearly coincident with) the leading edge 150 (outer
surface 130). The hard plate insert 140 is made of a material or combination of materials
which are more abrasion resistant than the material used to make the leg and shirttail of the bit.
In a preferred implementation, the hard plate insert is made of a material such as tungsten
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3i nterposed between the bottom surface of the hard material plate and the
floor surface of the 4slot. 114. The bit of claim 13 wherein the flowable
adhesi ve waterz/ahssgs a brazing 2material. 115. The bit ofPCEltsRomA2418her ei n
the slot include a plurality of substantially flat and 2adjacent floor

sur f aces. 6. bit of claiml1 wherein the surface edge is a |eading
shirttai |36éfg]692-53§ the leg. 117. The bit of claim 16 further conpri E&ﬁg a

slot fornmed ijn the leg extending from2 the |leading shirttail edge, and
wher ei n tCh@ld@oﬁqlwtﬂ’g“%%?m‘éf@ecoﬁpa?tHBDpégPOiYGIXRHFE‘ﬁ “hig bRrRYRfSseptaste of

the hard ipleghid@ diRhed®sdomet bR MRAikeS Bheld MRterifY hfedkBer@r b IR §4dMionall 18. The
bit of claim 17 wherein the adhesive material attaching the bottom surface

20f the heldomypgsgnagariiedagiacing pewn|ip B PEgF arhbecape thayarsdegteraphpinges a
f1 owabl e a@g&‘é@ﬂti‘ﬁ% BBbfsibARhnd erosion. Again, the adhesive material is this implementation is
not externally exposed and subject to possible wear.

[064] As described previously, the hard plate inserts 144 have a thickness t and width
w (wherein the width is measured in a direction perpendicular to the leading edge 150). The
hard plate inserts 144 are thin inserts. In this case, a ratio of the thickness t of the insert to a
width w of the insert to is less than 0.5 (i.e., t/w<0.5). More particularly, the ratio of the
thickness t of the insert to the width w of the insert is substantially less than 0.5 (i.e.,
t/w<<0.5). Even more particularly, the ratio of the thickness t of the insert to the width w of
the insert is less than 0.2 (i.e., t/w<0.2), and may even be less than 0.1 (i.e., t/w<0.1). This is
permitted because the hard plate inserts 144 are retained by adhesion to their bottom surface
and not their peripheral edge (as is the case with the press-fit inserts used in the prior art (see,
Figure 6)).

[065] Reference is now made to Figure 19 which illustrates a cross-sectional view of a
portion of a leg of a rotary cone drill bit which includes an embodiment of a protection
mechanism for the shoulder lateral leading edge 151. In this embodiment, the slot 142 is
provided in the leading side surface 154 of the leg 112 extending outwardly from the shoulder
lateral leading edge 151. The slot 142 may be milled or cast into the leading side surface 154
of the leg 112. The slot 142 is defined by a floor surface 180, a rear wall 182 and two side
walls 184 (see, also, Figure 7B). The hard plate insert 144 is adhered within the slot 142, In a
preferred embodiment, a bottom surface of hard plate insert is adhered to the floor surface 180
of the slot 142. The means for adhering the bottom surface to the floor surface may, for
example, comprise any suitable adhering material which is interposed between the
substantially conforming (for example, parallel) surfaces including adhesive material flowable
between the substantially conforming surfaces by capillary action such as a brazing material,
solder, adhesives, resins, and the like (see, for example, U.S. Patent Application Publication
No. 2009/0038442, the disclosure of which is hereby incorporated by reference in its entirety).
The adhesive material preferably has a substantially uniform thickness between the conforming
bottom surface and floor surface. Because of drawing scale, the adhesive material is not
explicitly shown in Figure 19, but it will be understood that the adhesive material is present
between the bottom surface and the floor surface. The hard plate insert 144 has a thickness
such that when adhered within the slot 142, a top surface 186 of the plate insert 144 is
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3i nterposed between the bottom surface of the hard material plate and the
floor surface of the 4slot. 119.The bit of claim 18 wherein the flowable
adhesi ve waterz/ahssgs a brazing 2material. 120. The bit ofPCEItsRomAF480er ei n
the slot include a plurality of substantially flat and 2adjacent floor
surf aces. : bit of claim1l wherein the surface edge include

| eadi ng épééaé{?%ace of 2the leg extending fromthe | eadi ng edge E(fﬁt he

shirttail. 122.The bit of claim?21l further conprising a slot fornmed in the
surface abyEntahygilyshyidh &rslighly Eartedrisy ey sUsEEy refseh delody heglctfiich t he

bot t om sudtac@acef154 Bembasdi matRfthémoRP tiatiRrd Slawtitae Nedis $.ca shdnapdt capy f ace
of the slot. 123.The bit of claim22 wherein the adhesive nmateri al

att achi nd8§ REths Plat st prpqeite the rear wall 172 of the slot 138 defines (or is coincident with
or nearly coincident with) the leading edge 151 (shoulder surface 125). The hard plate insert

140 is made of a material or combination of materials which are more abrasion resistant than
the material used to make the leg and shirttail of the bit. In a preferred implementation, the
hard plate insert is made of a material such as tungsten carbide, polycrystalline diamond
compact (PDC), polycrystalline cubic boron nitride compact impregnated diamond segment,
and the like. These materials are superior to the traditional weld on tungsten carbide
hardfacing known in the prior art because they are denser and are not as susceptible to abrasion
and erosion. Again, the adhesive material is this implementation is not externally exposed and
subject to possible wear.

[066] The hard plate inserts 144, for example of Figure 19, have a thickness t and
width w (wherein the width is measured in a direction perpendicular to the leading edge 151).
The hard plate inserts 144 are thin inserts. In this case, a ratio of the thickness t of the insert to
a width w of the insert to is less than 0.5 (i.e., t/w<0.5). More particularly, the ratio of the
thickness t of the insert to the width w of the insert is substantially less than 0.5 (i.e.,
t/w<<0.5). Even more particularly, the ratio of the thickness t of the insert to the width w of
the insert is less than 0.2 (i.e., t/w<0.2), and may even be less than 0.1 (i.e., t/w<0.1). This is
permitted because the hard plate inserts 144 are retained by adhesion to their bottom surface
and not their peripheral edge (as is the case with the press-fit inserts used in the prior art (see,
Figure 6)).

[067] Reference is now made to Figure 20 which illustrates a cross-sectional view of a
portion of a leg of a rotary cone drill bit which includes an embodiment of a protection
mechanism for the lateral leading edge of the leg. In this embodiment, the slot 138 is provided
in the shoulder surface 125 of the leg 112 extending inwardly from the lateral leading edge
151. The slot 138 may be milled or cast into the shoulder surface 125 of the leg 112. The slot
138 is defined by a floor surface 170, a rear wall 172 and two side walls 174 (see, also, Figure
7B). The hard plate insert 140 is adhered within the slot 138. In a preferred embodiment, a
bottom surface of hard plate insert is adhered to the floor surface 170 of the slot 138. The
means for adhering the bottom surface to the floor surface may, for example, comprise any
suitable adhering material which is interposed between the substantially conforming (for
example, parallel) surfaces including adhesive material flowable between the substantially
conforming surfaces by capillary action such as a brazing material, solder, adhesives, resins,
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2o0f the hard material plate to the floor surface of the slot conprises a
f1 owabl e adhesive material 34 DALLAS 2257668v.6 WO
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surface of the hard material plate and the floor surface of the 4slot.
124. The g ) hal m 23 wherein the flowabl e adhesive material is brazi ng
2mat er i alP® 6_Lél50$ e bit of claim22 wherein the slot include a pl quFl ty of
substant Iarafcll Itﬁ/e fﬂl(eaztseea nfgr gxaé(rjl{p?‘eceUng Igalltf(:)n? rApSplﬂE:a]:tl%g Publication No. 2009/0038442, the
disclosure of which is hereby incorporated by reference in its entirety). Because of drawing
scale, the adhesive material is not explicitly shown in Figure 20, but it will be understood that
the adhesive material is present between the bottom surface and the floor surface. The
adhesive material preferably has a substantially uniform thickness between the conforming
bottom surface and floor surface. The hard plate insert 140 has a thickness such that when
adhered within the slot 138, a top surface 176 of the plate insert 140 is substantially flush with,
or slightly exposed beyond, or slightly recessed below, the shoulder surface 125 of the leg 112.
Furthermore, the hard plate insert 140 is sized such that an edge 178 of the plate insert opposite
the rear wall 172 of the slot 138 defines (or is coincident with or nearly coincident with) the
leading edge 151 (leading surface 154) of the shirttail. The hard plate insert 140 is made of a
material or combination of materials which are more abrasion resistant than the material used
to make the leg and shirttail of the bit. In a preferred implementation, the hard plate insert is
made of a material such as tungsten carbide, polycrystalline diamond compact (PDC),
polycrystalline cubic boron nitride compact impregnated diamond segment, and the like.
These materials are superior to the traditional weld on tungsten carbide hardfacing known in
the prior art because they are denser and are not as susceptible to abrasion and erosion. Again,
the adhesive material is this implementation is not externally exposed and subject to possible
wear.
[068] The hard plate inserts 140, for example of Figure 20, have a thickness t and
width w (wherein the width is measured in a direction perpendicular to the leading edge 151).
The hard plate inserts 140 are thin inserts. In this case, a ratio of the thickness t of the insert to
a width w of the insert is less than 0.5 (i.e., /w<0.5). More particularly, the ratio of the
thickness t of the insert to the width w of the insert is substantially less than 0.5 (i.e.,
t/w<<0.5). Even more particularly, the ratio of the thickness t of the insert to the width w of
the insert is less than 0.2 (i.e., t/w<(0.2), and may even be less than 0.1 (i.e., t/w<0.1). This is
permitted because the hard plate inserts 140 are retained by adhesion to their bottom surface
and not their peripheral edge (as is the case with the press-fit inserts used in the prior art (see,
Figure 6)).
[069] Reference is now made to Figure 21 which illustrates an isometric view of a
rotary cone drill bit 210 including protection mechanisms for the leading edges of the leg. A
leg 212 depends from a body portion 214 of the drill bit 210. The leg 212 includes a bearing
shaft (not shown, see Figure 2B reference 16) which extends in a downward and radial inward

direction. A cutter cone 220 is mounted to the bearing shaft and supported thereon for rotation.
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126. The bit of claim1 wherein the surface edge is a |eading shirttail edge
of the leg 2and extending to an outer shirttail surface of the leg. 127. The
bit of clwDrRI2@44888t her conprising a slot formed in thePCEgSextienddng from
2 the surface edge, and wherein the conform ng surface of the leg to which

t he bott e of 3the hard material plate is attached is a f r
surface g&@ﬁe&g? 128. The bit of claim27 wherein the adhesi veijﬁ?rﬁteri al
attaching_t he bottom surface 2qf the hard naterjal plate to the fl oor
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of the 4slot. 129. The bit of cl al m 28 wherein the fl owabl e adhesi ve
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i nclude a3phuEikwintiy tRf arSADAL ik bd¥eel Bhe BRE: surface 230 of the leg 212 laterally

terminates at a leading shirttail edge 250 and a trailing shirttail edge 252. The leading edge
250 and a trailing edge 252 of the shirttail comprise extensions of the shirttail edge 232
extending along the length of the leg 212. The leg 212 further includes a shoulder surface 225
(above the outer surface 230). The shoulder surface 225 of the leg 212 laterally terminates at a
leading shoulder edge 251 and a trailing shoulder edge 253. The lateral leading edge 251 and
lateral trailing edge 253 of the shoulder comprise extensions of the shirttail edges 250 and 252,
respectively, extending along the length of the leg 212 (and may be referred to as the lateral
leading edge of the leg 212). The leg further includes a leading side surface 254 which is
adjacent the outer surface 230 and shoulder surface 225 of the leg 212 at the leading shirttail
edge 250 and leading shoulder edge 251.

[070] The illustrated drill bit utilizes a sealed bearing system. The lubrication system
includes a pressure compensation assembly 127 installed within an opening 129 formed in the
upper shoulder surface 225 of the leg 212. Figure 20 illustrates an implementation wherein the
opening 129 is formed exclusively in the shoulder surface 225. It will be understood, however,
that the opening 129 may be formed partially in the shoulder surface 225 and partially in the
outer surface 230 of the leg 212 (below shoulder surface 225). Alternatively, the opening 129
may be formed exclusively in the outer surface 230.

[071] To protect the leading edge 250 and outer surface 230 of the leg 212, a hard
plate 240 is adhered to a floor surface 231 provided in or by the curved outer surface 230 of the
leg 212 extending inwardly from the leading edge 250. See, also, Figure 22. To protect the
leading edge 250 and the leading side surface 254, a hard plate 244 is adhered to a floor
surface 231 provided in or by the leading side surface 254 of the leg 212 extending outwardly
from the leading edge 250. See, also, Figure 23. To protect the shoulder leading edge 251 and
the leading side surface 254, a hard plate 244 is adhered to a floor surface 231 provided in or
by the leading side surface 254 of the leg 212 extending outwardly from the leading edge 251.
See, also, Figure 24. To protect the leading edge 251 and shoulder surface 225 of the leg 212,
a hard plate 240 is adhered to a floor surface 231 provided in or by the curved shoulder surface
225 of the leg 212 extending inwardly from the leading edge 251. See, also, Figure 25. Such
an installation on the shoulder surface 225, in many instances, may be impractical because of
the size and positioning of the opening 129.
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2adj acent floor surfaces. 131.The bit of claim1l wherein the surface edge
Is leading shirttail edge of the | eg 2and extending to a | eading side
surface ovotbe/d4esgs 132. The bit of claim 31 further compCTAiSeg1asaBDt
formed in the leg extending from2 the surface edge, and wherein the
conform r e of the leg to which the bottom surface of 3the rd
naterialggﬁigéﬁggattached I sa floor surface of the slot. 133. The B& of
claim 32 wherein the adhesive material attaching the bottom surface 2of the
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material plate and the floor surface of the 4slot. 134.The bit of claim 33

wher ei n e OR fisviaBnecas el Rie2 Wat e Bgor isurfagen 2 37478 groferalply mpaghined or cast
into the outer surfaces of the shirttail region along the edge 250 and edge 251, and may have
flat or curved surface geometries as desired and which conform with the bottom surfaces of the
plates 240 and 244.

[073] Although Figure 21 primarily illustrates the use of polygonal plates, it will be
understood that the plates can have any desired shape (including circular shapes, oval shapes,
semi-circular shapes, and the like). Furthermore, the plates can be of different sizes, perhaps
with size selection depending on placement position.

[074] Although Figure 21 illustrates the use of several hard plates 240 along the
leading edge 250, it will be understood that one plate 240 could instead be provided extending
along all or a portion of the leading edge 250. Although Figure 21 illustrates the use of several
hard plates 244 along the leading edge 250, it will be understood that one plate 244 could
instead be provided extending along all or a portion of the leading edge 250. Although Figure
21 illustrates the use of a single hard plate 244 along the leading edge 251, it will be
understood that multiple plates 244 could instead be provided or that a single plate extending
along all or a portion of the leading edge 251 could be used. Although Figure 21 illustrates the
use of a single hard plate 240 along the leading edge 251, it will be understood that multiple
plates 240 could instead be provided or that a single plate extending along all or a portion of
the leading edge 251 could be used. In each of the foregoing implementations, the portion of
the edge (edge 250 and/or edge 251) selected to receive protection would be that portion of the
edge which is most susceptible to wear during operation of the rotary cone drill bit 210.

[075] Reference is now made to Figure 22 which illustrates a cross-sectional view of a
portion of a leg of a rotary cone drill bit which includes an embodiment of a protection
mechanism for the leading edge. In this embodiment, the bottom surface 270 of the hard plate
240 is adhered to a substantially conforming floor surface 231 formed in or by the outer
surface 230 of the leg 212 and extending inwardly from the leading shirttail edge 250. The
plate 240 is further defined by a rear edge 272 and two side edges 274 (see, also, Figure 21).
The means for adhering the bottom surface to the floor surface may, for example, comprise any
suitable adhering material which is interposed between the substantially conforming (for
example, parallel) surfaces including adhesive material flowable between the substantially
conforming surfaces by capillary action such as a brazing material, solder, adhesives, resins,
and the like (see, for example, U.S. Patent Application Publication No. 2009/0038442, the
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135. The bit of claim 32 wherein the slot include a plurality of

subst ant iwDI2g12fd4a888and 2adj acent fl oor surfaces. 136. Th@ChiuS2@f/os41az m 1
wherein the surface edge is shoul der | eading edge of the leg. 137.The bit
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at t achi ngcdii hdRIMEND SMEAAGENot explicitly shown in Figure 22, but it will be understood that

the adhesive material is present between the bottom surface and the flattened surface. The
adhesive material preferably has a substantially uniform thickness between the conforming
bottom surface and floor surface. The hard plate 240 is sized such that its front edge 278
defines (or is coincident with, or is nearly coincident with) the leading edge 250 of the shirttail.
The thickness of the plate 240 may range from 0.050 to 0.500 inches. The hard plate 240 is
made of a material or combination of materials which are more abrasion resistant than the
material used to make the leg and shirttail of the bit. In a preferred implementation, the hard
plate is made of a material such as tungsten carbide, PDC, polycrystalline cubic boron nitride
compact impregnated diamond segment, and the like. These materials are superior to the
traditional weld on tungsten carbide hardfacing known in the prior art because they are denser
and are not as susceptible to abrasion and erosion. Again, the adhesive material is this
implementation is not externally exposed and subject to possible wear. The conforming
surfaces where adhesion takes place may curve, for example, with the radius of the bit, or have
any selected curved configuration.

[076] The hard plates 240, for example of Figure 22, have a thickness t and width w
(wherein the width is measured in a direction perpendicular to the leading edge 250). The hard
plates 240 are thin inserts. In this case, a ratio of the thickness t of the plate to a width w of the
plate is less than 0.5 (i.e., t/'w<0.5). More particularly, the ratio of the thickness t of the plate to
the width w of the plate is substantially less than 0.5 (i.e., t/w<<0.5). Even more particularly,
the ratio of the thickness t of the plate to the width w of the plate is less than 0.2 (i.e., t/w<0.2),
and may even be less than 0.1 (i.e., t/'w<0.1).

[077] Reference is now made to Figure 23 which illustrates a cross-sectional view of a
portion of a leg of a rotary cone drill bit which includes an embodiment of a protection
mechanism for the leading edge. In this embodiment, the bottom surface 280 of the hard plate
244 is adhered to a substantially conforming floor surface 231 formed in or by the leading
surface 254 of the leg 212 and extending outwardly from the leading shirttail edge 250. The
plate 244 is further defined by a rear edge 282 and two side edges 284 (see, also, Figure 21).
The means for adhering the bottom surface to the floor surface may, for example, comprise any
suitable adhering material which is interposed between the substantially conforming (for
example, parallel) surfaces including adhesive material flowable between the substantially
conforming surfaces by capillary action such as a brazing material, solder, adhesives, resins,
and the like (see, for example, U.S. Patent Application Publication No. 2009/0038442, the
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2o0f the hard material plate to the floor surface of the slot conprises a

fl owabl e adhesi ve materi al 3interposed between the bottom surface of the
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leading side surface. The adhesive material preferably has a substantially uniform thickness
between the conforming bottom surface and floor surface. The hard plate 244 is sized such
that its front edge 288 defines (or is coincident with, or is nearly coincident with) the leading
edge 250 of the shirttail. The thickness of the plate 244 may range from 0.050 to 0.500 inches.
The hard plate 244 is made of a material or combination of materials which are more abrasion
resistant than the material used to make the leg and shirttail of the bit. In a preferred
implementation, the hard plate is made of a material such as tungsten carbide, PDC,
polycrystalline cubic boron nitride compact impregnated diamond segment, and the like.
These materials are superior to the traditional weld on tungsten carbide hardfacing known in
the prior art because they are denser and are not as susceptible to abrasion and erosion. Again,
the adhesive material is this implementation is not externally exposed and subject to possible
wear. The conforming surfaces where adhesion takes place may curve, for example, with the
radius of the bit, or have any selected curved configuration.

[078] The hard plates 244 have a thickness t and width w (wherein the width is
measured in a direction perpendicular to the leading edge 250). The hard plates 244 are thin
inserts. In this case, a ratio of the thickness t of the plate to a width w of the plate is less than
0.5 (i.e., t/w<0.5). More particularly, the ratio of the thickness t of the plate to the width w of
the plate is substantially less than 0.5 (i.e., t/w<<(0.5). Even more particularly, the ratio of the
thickness t of the plate to the width w of the plate is less than 0.2 (i.e., t/w<0.2), and may even
be less than 0.1 (i.e., t/'w<0.1).

[079] Reference is now made to Figure 24 which illustrates a cross-sectional view of a
portion of a leg of a rotary cone drill bit which includes an embodiment of a protection
mechanism for the leading edge of the shoulder 225. In this embodiment, the bottom surface
280 of the hard plate 244 is adhered to a substantially conforming floor surface 231 formed in
or by the leading surface 254 of the leg 212 and extending outwardly from the leading shoulder
edge 251. The plate 244 is further defined by a rear edge 282 and two side edges 284 (see,
also, Figure 21). The means for adhering the bottom surface to the floor surface may, for
example, comprise any suitable adhering material which is interposed between the
substantially conforming (for example, parallel) surfaces including adhesive material flowable
between the substantially conforming surfaces by capillary action such as a brazing material,
solder, adhesives, resins, and the like (see, for example, U.S. Patent Application Publication
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143. The bit of claim42 wherein the adhesive material attaching the bottom
surface 2of the hard material plate to the floor surface of the slot

conpri sesw@ 2b120me8s8e adhesi ve material 3interposed bet weem/ush@1los418m
surface of the hard material plate and the floor surface of the 4slot.

144. The g O%al m 43 wherein the flowabl e adhesive material is Q_Fbrazi ng
omat eri alP?445%he bit of claim 42 wherein the slot include a pl uf ity of
subst anti al lé flat and 2adjacent floor surfaces. 146.The bit of claim1

wher ei n e 28084 e g discloswn SLIMBISR 1§ headhy riRFompguehRy TffEence i it endi ng
to a shoycdfise Sturhwme s@e, itedh@die ndferlafNslodSepRdidd 88vibin Figure 13, but it will

be understood that the adhesive material is present between the bottom surface and the
flattened surface on the leading side surface. The adhesive material preferably has a
substantially uniform thickness between the conforming bottom surface and floor surface. The
hard plate 244 is sized such that its front edge 288 defines (or is coincident with, or is nearly
coincident with) the leading edge 251. The thickness of the plate 244 may range from 0.050 to
0.500 inches. The hard plate 244 is made of a material or combination of materials which are
more abrasion resistant than the material used to make the leg and shirttail of the bit. In a
preferred implementation, the hard plate is made of a material such as tungsten carbide, PDC,
polycrystalline cubic boron nitride compact impregnated diamond segment, and the like.
These materials are superior to the traditional weld on tungsten carbide hardfacing known in
the prior art because they are denser and are not as susceptible to abrasion and erosion. Again,
the adhesive material is this implementation is not externally exposed and subject to possible
wear. The conforming surfaces where adhesion takes place may curve, for example, with the
radius of the bit, or have any selected curved configuration.

[080] The hard plates 244, for example of Figure 24, have a thickness t and width w
(wherein the width is measured in a direction perpendicular to the leading edge 251). The hard
plates 244 are thin inserts. In this case, a ratio of the thickness t of the plate to a width w of the
plate is less than 0.5 (i.e., t/'w<0.5). More particularly, the ratio of the thickness t of the plate to
the width w of the plate is substantially less than 0.5 (i.e., t/w<<0.5). Even more particularly,
the ratio of the thickness t of the plate to the width w of the plate is less than 0.2 (i.e., t/w<0.2),
and may even be less than 0.1 (i.e., t/'w<0.1).

[081] Reference is now made to Figure 25 which illustrates a cross-sectional view of a
portion of a leg of a rotary cone drill bit which includes an embodiment of a protection
mechanism for the leading edge. In this embodiment, the bottom surface 270 of the hard plate
240 is adhered to a substantially conforming floor surface 231 formed in or by the shoulder
surface 225 of the leg 212 and extending inwardly from the leading edge 251. The plate 240 is
further defined by a rear edge 272 and two side edges 274 (see, also, Figure 21). The means
for adhering the bottom surface to the floor surface may, for example, comprise any suitable
adhering material which is interposed between the substantially conforming (for example,
parallel) surfaces including adhesive material flowable between the substantially conforming
surfaces by capillary action such as a brazing material, solder, adhesives, resins, and the like
(see, for example, U.S. Patent Application Publication No. 2009/0038442, the disclosure of
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WO 2012/ 044888PCT/ US2011/ 054132 368614- 2059PCT 147. The bit of claim46
further conprising a slot forned in the leg extending from2 the surface
edge, andwothzerdi4mssshe conform ng surface of the | eg to warals2eihmes4162t om
surface of 3the hard material plate is attached is a floor surface of the

sl ot . of claim 47 wherein the adhesive material attaching the
bott om sﬁlﬁg@%&%ﬁ%f the hard material plate to the floor surface opbfhe sl ot

conpri ses a fl owabl e adhesi ve material 3interposed between the bottom

surface ofMi¢hhis IrEdy IRefrRYREl DYITECEIGh ttﬁén‘frFtdbr Reipuea 0 dgpviph ecals |t

149. The RQitkesRt BAGIMNiGGoMBENiEH dhben fih quahl e5ashiesivwe poBl@Ek@bd it adr azi ng

2mat eri al .
adhesive material is present between the bottom surface and the flattened surface. The

adhesive material preferably has a substantially uniform thickness between the conforming
bottom surface and floor surface. The hard plate 240 is sized such that its front edge 278
defines (or is coincident with, or is nearly coincident with) the leading edge 251. The
thickness of the plate 240 may range from 0.050 to 0.500 inches. The hard plate 240 is made
of a material or combination of materials which are more abrasion resistant than the material
used to make the leg and shirttail of the bit. In a preferred implementation, the hard plate is
made of a material such as tungsten carbide, PDC, polycrystalline cubic boron nitride compact
impregnated diamond segment, and the like. These materials are superior to the traditional
weld on tungsten carbide hardfacing known in the prior art because they are denser and are not
as susceptible to abrasion and erosion. Again, the adhesive material is this implementation is
not externally exposed and subject to possible wear. The conforming surfaces where adhesion
takes place may curve, for example, with the radius of the bit, or have any selected curved
configuration.

[082] The hard plates 240, for example of Figure 25, have a thickness t and width w
(wherein the width is measured in a direction perpendicular to the leading edge 251). The hard
plates 240 are thin inserts. In this case, a ratio of the thickness t of the plate to a width w of the
plate is less than 0.5 (i.e., t/'w<0.5). More particularly, the ratio of the thickness t of the plate to
the width w of the plate is substantially less than 0.5 (i.e., t/w<<0.5). Even more particularly,
the ratio of the thickness t of the plate to the width w of the plate is less than 0.2 (i.e., t/w<0.2),
and may even be less than 0.1 (i.e., t/'w<0.1).

[083] It will be noted again that the slots and plate inserts described may be of any
selected geometry thus allowing for the application of protection to complex surfaces of the
bit. Tiling of the inserts edge-to-edge permits the application of protection to be extended
continuously over a complex curved surface. Alternatively, a single insert with a complex
curved bottom surface could be provided.

[084] The hard plates described may be of any selected geometry thus allowing for
the application of protection to complex surfaces of the bit.

[085] The illustrations of protection being applied using slots and plates at the leading
shoulder edge and/or leading shirttail edge is by way of example only, it being understood that
the protection mechanisms described may be applied to any edge of the bit that are susceptible
to wear (including shirttail edges and trailing edges).
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150. The bit of claim47 wherein the slot include a plurality of
substantially flat and 2adjacent floor surfaces. 151.The bit of claiml
wherei n tWe2etya4888 t he hard material plate defines at IPeagiS2@12p082i on of
the shirttail edge. 152. The bit of claim 1l wherein the edge of the hard

mat eri al te defines at |east a 2portion of the |eading edge. The bit
of cl ai m3%§€314egrog§n the edge of the hard material plate defines at géﬂgast a

2portion of the |ateral | eadi ncg edge. 154.The bit of claiml vvherel n the
edge of the hdi8§) nattkquel pryjeme eH’@P‘ihH’é%tS a4l theaupthed 20fh APPRTBHS 1V PeLl ved

out er sunfiaGe®@n hdeccoBPadyiveh 1994ka1RE hRNYddsBNRGH Yhef6RPBiANBe@INI Ddslipioadge.
155. The bit of claim 1ﬁlgher ein the edge of the har d@m%1er| al pl atl%a defi nes

at | east Wl Poprdesvoadsthyl he iRpepioys 1ot dpyted ¢ thefenbodinealy diprdosektBhdi ng
i nvardly fF8m §MRinlcfR 08 fESR AT modifications and substitutions without departing from

the spirit of the invention as set forth and defined by the following claims.
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3the shirttail. 156.The bit of claim1 wherein the edge of the hard
material plate defines at least a 2 portion of a curved outer surface of
the | eg awo 2extEus$8ng outwardly fromthe | ateral |eadi ngC3asge108418he
shirttail. 157.The bit of claim1l wherein the edge of the hard nmateri al

pl ate defj pes | east a 2 portion of a outer surface of the |leg

ext endi né’%@ﬁ?@%ﬁl y fromthe | eadi ng shoul der edge. 158. The bit 0?% aiml
wherein the edge of the hard material plate defines at |least a 2 portion of
a outer swHAACK CLAIMEDIISg and extending inwardly fromthe | eadi ng shoul der
edge. 159.The bit of claim 1l wherein the conform ng floor surface is forned
in or 1by an 37. DALAASaR20dé&&8Vbi6 comprising:

2 a body;
3 a leg depending from the body, wherein the leg includes a surface edge
4 a bearing shaft extending from the leg;

5 a cone mounted to the bearing shaft;

6 at least one hard material plate having an edge and a bottom surface;

7 an adhesive material attaching the bottom surface of the hard material plate to a
8 substantially conforming surface of the leg, wherein the edge of the hard material plate
9 defines at least a portion of the surface edge of the leg.

1 2. The bit of claim 1 wherein the adhesive material attaching the bottom surface of

2 the hard material plate comprises a flowable adhesive material interposed between the bottom

3 surface of the hard material plate and the conforming surface of the leg.

1 3. The bit of claim 2 wherein the flowable adhesive material is a brazing material.
1 4. The bit of claim 1 wherein the adhesive material is a brazing material.
1 5. The bit of claim 1 wherein the hard material plate has width w and a thickness t,

2 wherein a ratio t/w<(.5.

1 6. The bit of claim 1 wherein the hard material plate has width w and a thickness t,

2 wherein a ratio t/w<(.2.

1 7. The bit of claim 1 wherein the hard material plate has width w and a thickness t,

2 wherein a ratio t/w<0.1.

1 8. The bit of claim 1 wherein the hard material plate is made of solid tungsten
2 carbide.
1 9. The bit of claim 1 wherein the hard material plate is one of a polycrystalline

2 diamond compact or an impregnated diamond segment.

1 10. The bit of claim 1 wherein the hard material plate is a polycrystalline cubic

2 boron nitride compact.

1 11. The bit of claim 1 wherein the surface edge is a shirttail edge of the leg.
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2 outer pge surface of the leg. 160. The bit of claim1 wherein the
conform ng floor surface is fanmed in the outer 2 gage surface of the |leg by
a sl ot prwoi2ded44888t he out er gage surface and ext endi ngPCmwsealps4a3trom t he
| eadi ug edge. 161. The bit of claim1l wherein the containing surface is

formed i ' aleming 2 surface of the |leg. 162. The bit of im1
wheatin gﬁéﬁééﬁ%?ivable floor surface is forned in the Lading sur?gﬁe of

die leg by a slot provided in the | eading surface and extendi ng outwardly
ftom tthe 3 | eagi ngTedgeof b fMhirthértcodiprisih@b Rlot forned & the Idyeex(caliag mong f | oor

surface is at a. l eadi edge oflé the | eg adj acent the shoul der steam 164-

The h?t dpe S?‘frﬁ?llﬁ‘@f%’ %Hgfl@’fe%‘ PR U BN %%?Hfﬂéec]ég f%?’lﬂlﬁléﬁle ?’H‘é‘?fﬁa C%logr eni se
3 the hard material plate is attached is a floor surface of the slot.

1 13. The bit of claim 12 wherein the adhesive material attaching the bottom surface

2 of the hard material plate to the floor surface of the slot comprises a flowable adhesive material

3 interposed between the bottom surface of the hard material plate and the floor surface of the

4

slot.

—_

14. The bit of claim 13 wherein the flowable adhesive material is a brazing

2 material.

1 15. The bit of claim 12 wherein the slot include a plurality of substantially flat and

2 adjacent floor surfaces.
1 16. The bit of claim 1 wherein the surface edge is a leading shirttail edge of the leg.

1 17. The bit of claim 16 further comprising a slot formed in the leg extending from

2 the leading shirttail edge, and wherein the conforming surface of the leg to which the bottom

3 surface of the hard material plate is attached is a floor surface of the slot.

1 18. The bit of claim 17 wherein the adhesive material attaching the bottom surface
2 of the hard material plate to the floor surface of the slot comprises a flowable adhesive material
3 interposed between the bottom surface of the hard material plate and the floor surface of the
4  slot.

1 19. The bit of claim 18 wherein the flowable adhesive material is a brazing

2 material.

1 20). The bit of claim 17 wherein the slot include a plurality of substantially flat and

2 adjacent floor surfaces.

1 21. The bit of claim 1 wherein the surface edge includes a leading side surface of

2 the leg extending from the leading edge of the shirttail.

1 22. The bit of claim 21 further comprising a slot formed in the surface edge, and
2 wherein the conforming surface of the leg to which the bottom surface of the hard material

3 plate is attached is a floor surface of the slot.

1 23. The bit of claim 22 wherein the adhesive material attaching the bottom surface

2 of the hard material plate to the floor surface of the slot comprises a flowable adhesive material
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2 conmpensator opening fornmed in the shoul der surface. 65. The bit of claim
1 wherein the conformng floor suitsce is at the |leading edge of 2 the |leg
adj acent W0 2013488§age surface. 166. The bit of clai m 1raimarsedin/os4182
confcem ng floor surface is rosined in or by the 2 shoul der surface of the
| eg. 167. e pbit of claiml wherein the conform ng floor surface for med
in the 23§%§dfgé§ surface of the leg by a slot provided in the shgtfd

surface and cascading inwardly 3 horn the | eadng edge. 1611. The bhijt of
cl ai m’67 RiF@PEH e D SiroRntary suglgeer ofdae At eaterjal, B]Iaii’olaé‘t%1 the Haargypiaceol the

conpensayytopening formed in the shoul der surface. 169. The bit of claiml
wherein the adhesive is not externally exposed and subject to 2 possible

wear. 1 24, The bit of claim 23 wherein the flowable adhesive material is a brazing

2 material.

1 25. The bit of claim 22 wherein the slot include a plurality of substantially flat and

2 adjacent floor surfaces.

1 26. The bit of claim 1 wherein the surface edge is a leading shirttail edge of the leg

2 and extending to an outer shirttail surface of the leg.

1 27. The bit of claim 26 further comprising a slot formed in the leg extending from

2 the surface edge, and wherein the conforming surface of the leg to which the bottom surface of

3 the hard material plate is attached is a floor surface of the slot.

1 28. The bit of claim 27 wherein the adhesive material attaching the bottom surface
2 of the hard material plate to the floor surface of the slot comprises a flowable adhesive material
3 interposed between the bottom surface of the hard material plate and the floor surface of the
4  slot.

1 29. The bit of claim 28 wherein the flowable adhesive material is a brazing

2 material.

1 30. The bit of claim 27 wherein the slot include a plurality of substantially flat and

2 adjacent floor surfaces.

1 31. The bit of claim 1 wherein the surface edge is leading shirttail edge of the leg

2 and extending to a leading side surface of the leg.

1 32. The bit of claim 31 further comprising a slot formed in the leg extending from

2 the surface edge, and wherein the conforming surface of the leg to which the bottom surface of

3 the hard material plate is attached is a floor surface of the slot.
1 33. The bit of claim 32 wherein the adhesive material attaching the bottom surface
2 of the hard material plate to the floor surface of the slot comprises a flowable adhesive material
3 interposed between the bottom surface of the hard material plate and the floor surface of the
4  slot.

1 34, The bit of claim 33 wherein the flowable adhesive material is a brazing

2 material.
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170. The bit of claiml| wherein the adhesive nedal has a substandidly
uni formthickness. 171. The bit of claiml wherein the hard nateri al

i's made oWvOoaorzaéssBal or 2 canbi ummon of nedal s t hat amPEBIGS2&l1/05682 =

than the material used go nake the leg 3 of the bit. 38 RECTIFI ED SH

AW OO =W

—_

AW OO = W

—_

368614-2059 PCT

35. The bit of claim 32 wherein the slot include a plurality of substantially flat and

adjacent floor surfaces.
36. The bit of claim 1 wherein the surface edge is shoulder leading edge of the leg.

37. The bit of claim 36 further comprising a slot formed in the leg extending from
the surface edge, and wherein the conforming surface of the leg to which the bottom surface of

the hard material plate is attached is a floor surface of the slot.

38. The bit of claim 37 wherein the adhesive material attaching the bottom surface
of the hard material plate to the floor surface of the slot comprises a flowable adhesive material
interposed between the bottom surface of the hard material plate and the floor surface of the

slot.

39. The bit of claim 38 wherein the flowable adhesive material is a brazing

material.

40. The bit of claim 37 wherein the slot include a plurality of substantially flat and

adjacent floor surfaces.

41. The bit of claim 1 wherein the surface edge is shoulder leading edge of the leg

and extending to a leading side surface of the leg.

42. The bit of claim 41 further comprising a slot formed in the leg extending from
the surface edge, and wherein the conforming surface of the leg to which the bottom surface of

the hard material plate is attached is a floor surface of the slot.

43. The bit of claim 42 wherein the adhesive material attaching the bottom surface
of the hard material plate to the floor surface of the slot comprises a flowable adhesive material
interposed between the bottom surface of the hard material plate and the floor surface of the

slot.

44, The bit of claim 43 wherein the flowable adhesive material is a brazing

material.

45. The bit of claim 42 wherein the slot include a plurality of substantially flat and

adjacent floor surfaces.

46. The bit of claim 1 wherein the surface edge is shoulder leading edge of the leg

and extending to a shoulder surface of the leg.
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47. The bit of claim 46 further comprising a slot formed in the leg extending from
the surface edge, and wherein the conforming surface of the leg to which the bottom surface of

the hard material plate is attached is a floor surface of the slot.

48. The bit of claim 47 wherein the adhesive material attaching the bottom surface
of the hard material plate to the floor surface of the slot comprises a flowable adhesive material
interposed between the bottom surface of the hard material plate and the floor surface of the

slot.

49. The bit of claim 48 wherein the flowable adhesive material is a brazing

material.

50. The bit of claim 47 wherein the slot include a plurality of substantially flat and

adjacent floor surfaces.

51. The bit of claim 1 wherein the edge of the hard material plate defines at least a

portion of the shirttail edge.

52. The bit of claim 1 wherein the edge of the hard material plate defines at least a
portion of the leading edge.

53. The bit of claim 1 wherein the edge of the hard material plate defines at least a
portion of the lateral leading edge.

54. The bit of claim 1 wherein the edge of the hard material plate defines at least a

portion of a curved outer surface of the leg and extending inwardly from the shirttail edge.

55. The bit of claim 1 wherein the edge of the hard material plate defines at least a
portion of a curved outer surface of the leg and extending inwardly from the leading edge of

the shirttail.

56. The bit of claim 1 wherein the edge of the hard material plate defines at least a
portion of a curved outer surface of the leg and extending outwardly from the lateral leading

edge of the shirttail.

57. The bit of claim 1 wherein the edge of the hard material plate defines at least a

portion of a outer surface of the leg and extending outwardly from the leading shoulder edge.

58. The bit of claim 1 wherein the edge of the hard material plate defines at least a

portion of a outer surface of the leg and extending inwardly from the leading shoulder edge.

59. The bit of claim 1 wherein the conforming floor surface is formed in or by an
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outer gage surface of the leg.

60. The bit of claim 1 wherein the conforming floor surface is formed in the ouser
gage sarface of the leg by a slot provided in the outer gage surface and extending inwardly
from the leading odge.

61.  The bit of claim 1 wherein the conforming susface is formed in or by & lewding
sutface of the leg.

62.  The hirof claim 1 wherein the conforming floos susface is farmed in the lending
susface of the leg by a sloc provided 1 the leading surface and exiending owrwandly from the
leading edge.

63. ‘The bz of claim 1 wherein the conforming floor surface is at a keading adge of
the leg adjaceat the shoulder suxface.

64.  The but of clum 63 wherein the shoulder surface further includes a pressure
compensator opening formed in the shouldor surfuce.

65.  The bit of claim 1 wherein the confarming floor surface is at the Jeading edge of
the leg adjscent an outer gage surface.

66. The bit of clum 1 wherein the confarming floar surface is formed in or by the
shoglder surface of the leg.

67. The bit of claim 1 wherein the conforming floor surface is formed in the
shoulder surface of the leg by a slot provided in the shoulder surface and extending inwardly
from the leading edge.

68.  The bit of claim 67 wherein the shoulder surface further includes & pressure
compensutor opening formed in the shoulder surface,

69.  The biof claim 1 wherein the adhesive is nor exiernally exposed and subject o
possible wear.

70.  The bit of claim 1 wherein the adhesive maverial has a substanuially uniform
thickness,

1 71. The bit of claim 1 wherein the hard material plase is made of a material or

2 combinution of maerials that are more abeasion vesistant than the material used o make the leg
3 ofthebdit
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