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EARTH BORING BIT WTH TI LTED HYDRODYNAM C THRUST
BEARI NG TECHNI CAL FI ELD This invention relates in

w@eoenaili4to rolling cone earth boring bits, anBCT/NS2006/039046

particular to an earth boring bit having thrust faces
between a bearing pin and a cone, one of the thrust

f FQGET I SORINGG BIEFBITHPRILTRED Y DRODSINAMIEI TNRUST BEWRING
ot her. BACKGROUND One type of earth boring bits for

drilling oil and gas wells has a bit body with at

| east one rolling conergptyupiical! vy ee. Each cone is
mounted on a cylindrical bearing pin that depends

downwar.d .and i n fro it | f e. bt : .
AnnuP@ng Yﬂ%onpg%g§ g}g% 5@n%ﬁn§%n ﬁ@kgéﬁg#h% pl bg%damiln
in the cone cavity for. reacting_against downward .
RAFSIGHAT (O PR Forg OP T WGt Fits bPavepih & pepippin and a cone,
nom nal | y perpendicul ar to an axis of the bearing pin.

ariseof dlamibirush fagst being at lpast pytiaky tilted relgivarie theaihstal | v
perpendicular to the rotational axis of the cone.

Initially, the thrust f&MKaROPdPallel to each

other. Lubricant is supplied froma | ubricant

r eser @i fypk @f thrth barapesitsiet deBmgloeandqas wells asa BitBody with at
the cone. Wiile the bit is drilling, the thrust faces

J%%sgiogl@lré)]ym Qoﬂ&tté}éigﬂlﬂl?&i. SEich AL hhinted oRarEy12{aResl bearing

bearing pin l'écts slightly because it is

ST NS T D B S5 RSy ot

ORS ek, SE L BT i 154 SRR c2n cock, LMY, i

c?(]:wnward thrust. The bearing pin thrust face is in a plane nominally perpendicular to

an axis of the bearing pin. The cone thrust face is formed in a plane nominally

perpendicular to the rotational axis of the cone. Initially, the thrust faces are parallel to

each other. Lubricant is supplied from a lubricant reservoir to the spacles between the
bearing pin and the cone.

While the bit is drilling, the thrust faces typically do not run precisely parallel to

each other. The bearing pin deflects slightly because it is cantilevered from the bit leg.

Also, because of tolerances between the cylindrical portions of the cone and the bearing

pin, the cone can cock slightly relative to the bearing pin. This slight misalignment of

. the cone axis relative to the bearing pin axis results in a circumferentially converging-

diverging space between the thrust faces, which can be beneficial because it can create
hydrodynamic lubricant pressure between the thrust faces to help support the load...
However, the bearing misalignment also concentrates thrust bearing contact loads,

which is detrimental.
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the cone axis relative to the bearing pin axis results
in a circunferentially convergingdi vergi ng space

whedrreen4t he t hrust faces, which can be benef i PAHIUS2006/039046

because it can create hydrodynam c | ubricant pressure
between the thrust faces to hel p support the | oad..
However, the beaDISCUOSME QREHE NIVENTION et r at es
thrust bearing contact |oads, which is

det ri e fHiflinhB6h BHbilnScot&bolihy ENThMN: Rafdidl¥ Pin and cone with

invention, a rolling cone boring bit has a bearing pin

tﬂ'ﬁgn% fﬂ}@st%&eg BR Jﬂncge {:Meur%tthé ?@a?fglg é)%# Bgeigs Cﬁu\?\ﬁues% a(c):cg1 orthed with at

earing pin has 1ts thrus orne
east a port.ion til.ted relative to its axis. Thjs
R DR SIS kv o i, B oS defihes Brhiper e, aptefaces o
area,fol owed by convergi ng cl earance area for )
WREERS Stpasnce ree dalowed by qonverging eleaance apa fay enhancing a
conprise the entire thrust face. Alternately, it may
bbnpaitddmonl y a portion, with the remaining portion of
the thrust face being perpendicular to the axis of

r ot at The tilted Rotiort heayt edoystbepbe tdntife BfruithRct. NrAIdmAtaISe it may
is at a very small angle relative to the remaining or

paftideebnRORL boRicAl Wike thBr 1ifaidiRE porfivh 1d¥e gg:r glﬁ]ﬁﬁta gzgce being

enbodi nent, the tilted thrust face is |ocat

?&?éﬂ(ﬁ]&ll%ﬂ‘i 0 'th@ %{ils:'%f Qgéagﬁlxpﬂ ﬂg:?%&%%’f\{\r ol%“gfer @{t?sﬁ ggcg isata

S_ a quarter, vertic ! sec_ ’'ona _
08k stl i PPEE L8 murpatit T Ll ovian Sihe SRpgupes. In the
2 i.,s an enl arged_ side el evatiognal view of the bearing
qufpr@a em%@g}néeni,’ the tilted thrust face is located on the bearing pin.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a quarter, vertical sectional view illustrating a portion of an earth
boring bit having thrust faces constructed in accordance with this invention.

Figure 2 is an enlarged side elevational view of the bearing pin of Figure 1,
shown with a tilted face that is exaggerated.

Figure 3 is an end view of a bearing pin having an alternate embodiment of a
thrust face.

Figure 4 is a side elevational view of the bearing pin of Figure 3.

Figure 5 is an enlarged sectional view of the thrust face of the bearing pin of
Figure 3, taken along the line 5- -5 of Figure 3.

Figure 6 is an enlarged sectional view of the thrust face of the bearing pin of

Figure 3, taken along the line 6- -6 of Figure 3.
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shown with a tilted face that is exaggerated. Figure 3
is an end view of a bearing pin having an alternate

werodsTent of a thrust face. Figure 4 is a siBET/US2006/039046

el evational view of the bearing pin of Figure 3.
Figure 5 is an enlarged sectional view of the thrust

face of tBﬁSBEHDDEQS)rF(DR@IAIHREIN@_OUTH&I@INVENH@ONhe
line 5- -5 of Figure 3. Figure 6 is an enl arged

sect i RBR}rink t@VFlgﬁret D®itt 1 ista b&se1 Phith Qechggé‘éd. ﬂlﬂ B & its upper

of Figure 3, taken along the [ine 6- -6 of

T
APer boleRS ff‘*}z. %ﬁﬁé%ﬁ%%ﬁf% S L L
qn its for co tion to a

Q)IM)F ?}9 g}dowgg ?‘??Bt 1@%%;(11% nlg%anp§ Fﬂn& ;quggxggtw dd inclines
it |egs onIy one shown), each having a dependi ng
%"5‘?‘1""?{8 aﬁ‘i} Hiwegd taseasd ap @Xﬁloﬁ ratetigm@pt shesnd efbeds t8.and

inward toward an axis of rotation (not shown) of body

13. BBearingipil f haga lepindricel; burfade 2t dhat sucdrmentri2 with Hdtaring pin
is concentric with a bearing pin axis 23 (Figure 2).

ans 2h(Bgeet2ddimtbig embdibmbmybiednend eafl olfBadringpiR 19 hdda nose 25.
has a nose 25. Nose 25 is cylindrical and has a

No® 2215 dliliaoBéLand MaY aClalRA fiaffter Qﬁﬁ{ éﬁﬁl ﬁ%lfl%ﬁﬁng Lurface 21.

An annul ar bearing pin thrust face orme

ARophaef bleﬁjirg an 4 & 1?1?%59 194) r| Ca shog? e?éﬁmglglnose 25 to

cone 29 has I b f 5

cal bea rln sur.face
%‘2%?‘[‘%% SBT e aotins) b n e BomtBaniy ﬂmlrpor@on 31 that fits
abou a é mhlch nom nal Iy coincides with bearing
egplllpd{,ﬂ ligdriea bm putage 1 ghbearing pin 19. Cone 29 rotates on bearing pin

19 about its axis, which nominally coincides with bearing pin axis 23. Cone 29 has an
annular thrust face 33 w’ithin its cavity that faces upward and outward and is in
dynamic engagement with bearing pin thrust face 27.

Cone 29 has a plurality of cutting elements 35 on its exterior. Cutting elements
35 may be tungsten carbide inserts press-fitted into holes in the body of cone 29.
Alternately, cutting elements 35 could be teeth milled into the exterior surface of the
body of cone 29. Cone 29 is retained conventionally on bearing pin 19, which in this
example is by a plurality of balls 37. Balls 37 engage mating grooves formed in cone
29 and on bearing pin 19. Lubricant passages 39 supply lubricant or grease to the
spaces between cylindrical surfaces 21 and 31 and between thrust faces 27 and 33. A
pressure compensator 41 reduces the pressure differential between the lubricant within
passages 39 and drilling fluid pressure on the exterior of bit 11.

Thrust faces 27, 33 may have conventional coatings to reduce friction and
increase the operating life. One of the thrust faces 27, 33 has at least a portion that is

3
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annul ar thrust face 33 within its cavity that faces
upward and outward and is in dynam c engagenent with

wheariosmg4pi n thrust face 27. Cone 29 has a pl ur@l/Us200€639046

cutting elenents 35 on its exterior. Cutting el enents

35 may be tungsten carbide inserts press-fitted into
tibteseldtivettd ehelnbly thifusiclane BSthe &k4rpl0 ¥ Blgare T Wohb Btust face 33 is
el enents 35 could be teeth nilled into the exterior

Soiveas&hallanti N8 YL of _siﬁg]%eplgge ngﬂﬁﬁl%ﬁp%rﬁer%ﬁc}lg&nﬁd the axis of

conventionally on bearing pin 19

(=t | uralid f.balls.37.,,Bal.ls 37,.enga .
FARITR A cofe 2% TPl et hir B3 15 37 ke B Flative o
9.. Lubrica passages..39 supply. lubricant or grease )
FripE it 3R bIRRaSmLioneR dar edd 1a5aies de dssipele Pae. earing pin
and between thrust faces 27 and 33. A pressure

358 2t/ 3 inglined @ seeall angle 4t wedativiedo diplaneperpendicular to bearing
between the |ubricant wthin passages 39 and drilling
Plnxes p3-edbisrmdacss bedrengepinahiust faot 231 dt ahdle 4Bhuclisive t@eese thrust
27, 33 may have conventional coatings to reduce

fact 63, showartd the dogaskndshie F@%aﬁé al pifgt tbiah§ loddiedd obB@tion of bit
thrust faces 27, 33 has at least a portion that

igtilted relative to the other thrust face. In the
exanpl e of Figure 2, cone thrust face 33 is

conv ' t i.n_a_single plane nom nal l

conenyt AL Ao AGRYEHLL iy 85EB) B PhRS s39P0R e it o
entire bear%n i.n thrust face 27 is skewed slightly
Tlitnm | Séharation ‘?tﬂlﬁerbit ifaces 27, [33at The painghe ghaximum and
flat and located in a single plane, bearing pin thrust
papmumzseparation Wilhbel 189 degreeseapart fragh theqghere Theislighttisalignment
pl ane perpendicular to bearing pin axis 23. This

ofl theest Thessr 2h B Iprreateh ravaveringeat’ diterging lzenek3ay ebd 29erotates,
to cone thrust face 33, shown by the dotted lines in

tehdjtg eto 2caups ilabiricant &NyvddgadntUhet BorBRENIRS i8Re, Ofvhiht enhances a
lubricant film. In the preferred embodiment, angle 43 is in the range from about .05 to
.5 degrees.

In the embodiment of Figures 3-6, only a segment of one of the thrust faces is
tilted. Referring to Figure 3, bearing pin 45 has a nose 47 as in the first embodiment.
The bearing pin thrust face has a parallel portion 49 and a tilted portion 51. Both
portions 49 and 51 are flat in this embodiment, but tilted portion 51 is at an angle 52
(Figure 4) relative to parallel portion 49. Angle 52 is preferably in the range from
about .05 to 15 degrees, and from .05 to .5 degrees in one embodiment.  That
embodiment has a two-inch outer diameter 55 of bearing pin 45. Parallel portion 49 is

nominally perpendicular to bearing pin axis 54 (Fig. 3). Tilted portion 51 could be

curvilinear rather than flat.



10

15

20

25

11. The slight msalignnent results in a point of
maxi mum separati on and a point of m ninum separation

wheioreendt hrust faces 27, 33. The points of nERCTUN20861689046

m ni nrum separation will be 180 degrees apart fromthe
ot her. The slight m salignnment of thrust faces 27, 33

“cr eat Beariigie tigustofacanshrali el @ogiodH Z adesitelispodeie 5 29ach have inner

rotates, tending to cause lubricant to wedge into the

GARYRE YbADnE INR joMaeh BRPAD e8kedp WRMhEAMiarhétkf 3 bR the thrust
the preferred enbodi nent, angle 43 is in the range

%Eéé gk Bpﬁ‘g{ngigg‘rSt. oSinﬁlaglg?Té%?ﬁe& fﬂo?ti(;rpg? %.FE gﬂi{eﬁg}t%o%f 51 each have

ur es nfy a se one o ust faces

i Ll . Referrj 0 Fj e 3, Rheari i.n 45 has
orbetiameiss mopiap dbfllpy cosh e ot e t?rnélamewr 53 of the
thrust face has a parallel portion 49 and a tilted

thest ifene ofl beaginegnpinot.i direlleb partipns49l jeipe tilted toortion Al ot a first
enbodi ment, but tilted portion 5 1 is at an angle 52 ,
joRttyur &7 that exterdsi ine staighatiab ffieinm poet diemetd 53 Aoglter Gameter 55!
is preferably in the range fromabout .05 to 15

Asghegsnctiindsd &oondsHont finebdide@leeds tb buten itk disMRAts located
That enbodi nent has a two-inch outer dianeter 55 of

beakiied didinfierenfldl’ @klafte BOLI iALLiSR 57 NRALARS! ¥7, 50 dcould be
perpendi cular to bearing pin axis 54 (Fig. 3). Tilte

@ﬁfé(ﬁ%d%gth%r &mﬁ%ﬂérgtl &s. CH't isleinﬁ)%a[m Iﬁ,té'pﬁétiot hi%g ﬁmﬂé? g%edlocated on

egaring prn-thrust tace para por

tilted rtion 5 each, have i nner di ameter portions )
§ PP SRt b e aliuf R Rakeio e et ool sl Dess. 1n tis
of the thrust face of bearing pin 45 Simlarly, )

PAPRIG, &1 136éA tlinsnO h pazsed tiropele dhqbrternetion of waeltprhaQ evith outer

diameter 55 at an angle relative to junction 59. A radial line 63 passes through the
intersection of junction 57 with outer diameter 55 at an angle relative to junction 57.
Junction 57 is at the same angle relative to radial line 63 as junction 59 is to radial line
61.

Tilted portion 51 extends clockwise from radial line 61 to radial line 63, as
viewed in Figure 3. Parallel portion 49 extends clockwise from radial line 63 to radial
line 61. In this example, tilted portion 51 extends farther and thus has a greater surface
area than parallel portion 49. Preferably, the ratio of the surface area of tilted portion
49 to the entire thrust face of bearing pin 45 in this embodiment is in the range from
approximately 25% to 75%, thus the clockwise circumferential distance from radial line
61 to radial line 63 is from 75 to 270 degrees.

Referring to Figure 5, junction 57 commences at the beginning of a diverging
zone 65, considering the direction of rotation indicated by the arrow in Figure 5. The

lubricant in diverging zone 65 encounters an increasing clearance between cone thrust

5
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outer dianmeter portions that join each other to make
up the outer dianeter 55 of the thrust face of bearing

w@reww7A%14Paral | el portion 49 joins tilted portPONUS2006/039046

at a first junction 57 that extends in a straight line
frominner dianeter 53 to outer dianeter 55! Another
facaGBiaad tiH2d eyitends].f Refariner FidhRetigdctiod J90defihe€h converging
di aneter 55 and is |located a selected circunferenti a

gt @ﬁcﬁhéréﬁln’cﬂeuaﬁiﬂaﬁ& ﬁ&weéﬁ' RGhE WBsOface OB ﬁ’d" ltﬁiteﬁ’ Sortion 51
rounded rat her than sharp |ines h| ﬁ enbo

hatRitok 8P %@ghehe RAlfioh A AbAALAI gacggwmggﬁ%fogc@ﬁmant into
| I X , 1
%s b8 S S ot AL oSS et

outer diameter 55 at an angle relative to junction 59.
porigy e eng pone thishtsed3. t hr ough the intersection of
junction 57 with outer dianeter 55 at an angle

r el at The invenfiom dia cigniifcant] adeantapas.5 TThes tiktbetlaeens theethrust faces
angle relative to radial line 63 as junction 59 is to

erfdheds d fubgicit £l dueetd o chhiging hn@ diRAgs g CoAsKMeGhough the
fromradial line 6 1 to radial line 63, as viewed in

&g b%am?é‘gﬁ‘ﬂ te@lail @Mdeﬁtﬁc%%ﬂﬁffttﬁ%céél Oﬁk%v‘f;uﬁﬁfsztncc ®ihn reduces

radial line 63 to radial |ine I s exanple

'thLaeagldQ %&#V%Q v HeSFl J]gg'arln a}&% L hu?lggportlon if employed

ter s ace area t an pa

Preferab o of th surface area of tilted
]Bocrofl-luaﬁu%gwft%h]?%%l eé]rﬂqﬂilg‘ fefuges comtpckfgeespear i ng pin 45

in this enbodinent is in the range from approxi mately

25% t Whilsothe tipymntion chag | keek whewn dh ranlinftep eaft itsforms, it should be
distance fromradial line 6 1 to radial line 63 is

dnpereny ® thosQ Ficilldd g deesart that it is not so limited thus susceptible to various

changes without departing from the scope of the invention. For example, the tilted
thrust bearing surface could be on the cone rather than on the bearing pin. Aléo, rather
than formed directly on the bearing pin or in the cone, a washer with a tilted thrust
bearing surface on one or both sides could be placed between the beaﬁng pin thrust

surface and the cone thrust surface.
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Referring to Figure 5, junction 57 commences at the
begi nning of a diverging zone 65, considering the

waleoogosilen of rotation indicated by the arrow PCI/BEZP06/€39046

5. The lubricant in diverging zone 65 encounters an
I ncreasi ng cl earance between cone thrustface 33 and
CILAIBIS portion 51. Referring to Figure 6, junction 59
defines a converging zone 67, wherein the clearance

bet wean ARGtk gﬁt“%ﬁﬁ@héﬁ and tilted portion 5 1
becones gradualTy 1ess. The rotation of cone thrust

face §§t%sggﬁa%ﬂ%%%ﬁq§%lubrlcant into the wedge-shaped

conver gl ng ancing a filmof |ubricant

bet wee aIIeI ian 4 an co ust f ce 33.

e R DeRedn Reofhl bR dTiR G o linrisal Befine surface
bet ween the thrust faces enhances a lubricant film due
F%“?WECSHHV%?ﬁWWQPﬁh@ﬂﬂlverglng zones even though the
cone and bearing pin remain concentric within

t ol er aneresmemher Haybg aceome akislamd nedintedgo thorspasing pih for rotation
inproves the life of the bearing surfaces. The

pedativelt@thefheatin®pin, itfe conPhoNgda tHtug Fajeln @ihahic\Wn Eﬁ‘ge&ﬁb@t with
tilted portion, reduces contact forces. Wiile t

vkt Ak dBke BERMoPRWMAdI N only two of its forms, it
shoul d be apparent to ‘those skilled in the art that it

i's nofy 1§% gg}tfoﬁq)f #WE?&%@ BF J)Ipé §F tfl? \é%'lrbl 2 alne%‘e__rstatlve to

wi t hout rting e scope of ven

d thr st . bear 0uI be o
TR R e { S PR, Se/Gane petprer the
han f orned dlrectly on the bearing pin or |n t he
&]6'11?@ facgs gAvREnGFletrance area wEtoRILYS ?Ollb"é'ad by cou erging dearance
one or both sides could be placed between the bearing
pemfarienbancing & fuhvearddidmt he cone thrust surface. CLAI M5

2. The bit according to claim 1, wherein said at least a portion of the thrust face

that is tilted comprises a flat surface.

3. The bit according to claim 1, wherein the thrust face of said other of the

members is flat and perpendicular to the axis of said other of the members.

4. The bit according to claim 1, wherein said at least a portion comprises 100

percent of the thrust face of said one of the members.

5. The bit according to claim 1, wherein said at least a portion comprises less than

100 percent of the thrust face of said one of the members.
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1. An earth boring bit, conmprising: a bit body having
a bit leg; a bearing pin nenber having a thrust face

wa@ea7a4Tayt i ndrical bearing surface concentric RET/HSH06/039046

bearing pin axis; a cone nenber having a cone axis and

nounted to the bearing pin for rotation relative to

¢.ne bEhe bihgeqoiding tdheaiao hewlavinngidat ldasusporfias Eomprises 25 to 100

dynam c engagenent with the thrust face of the bearing

Préent af theahrubieRed ofsalPddd SThOmeliBerst hrust face of one

of the menbers being tilted relative to a pl ane

perpendi cular to the axis of said one of the nenbers,

defining bet ween the thrust faces a diverging
area.rofati.on f.ol | owed by a converging

glear fﬁgt%¥85h?%ﬁ’g ﬁéﬂ%ﬁ W lubricant film 2. The

bi t %fordlqg to. claiml, wherein said at |east a

por t | BR Hgpstipge qfispidanerod ghe members bas a1 inger Gampier sedamouter

flat surface. 3. The bit according to claim1, wherein

dipraetelir ust face of said other of the nenbers is flat

and perpendicular to the axis of said other of the

nmenbeths thrdst fAdesfishid one oFEH AGNb&s Ghod ﬁarillel}f&)ﬁ[cﬁi tRaSk&hds

at | east a portion conprises 100 percent of the thrust

fr@f eheddutsradisineetothe idi@r Hﬁfﬂ%ﬁ‘e‘i Partrlly Zﬂﬁmg Is4id 306 QF Herust

to claiml, wherein said at |east a portion corrprl ses
hERStHehaR 1% SendlxiS
PSS TRRUR G GGG oD phEpl PR p ST ERAT§ S0 orne
lﬁggﬁggqm%ald at | east a portion conprises 25 to 100

said at least a portion of the thrust face that is tilted extends from the outer

diameter to the inner diameter for the remaining portion of the thrust face of said one of

the members.

8. The bit according to claim 1, wherein said one of the members comprises the
bearing pin.
9. The bit according to claim 1, wherein said at least a portion is tilted in the range

from .05 to 0.5 degrees.

10.  An earth boring bit, comprising:
a bit body having a bit leg with a depending bearing pin extending along a
bearing pin axis;

a cone rotationally mounted to the bearing pin;
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percent of the thrust face of said one of the nenbers.
7. The bit according to claim1, wherein: the thrust

wo aee/0efl4Bai d one of the menbers has an i nner PUHIR1006/039046

and an outer dianeter; the thrust face of said one of
the nenbers has a parallel portion that extends from

t he ouah enmudarefivet thrust Beating sirfaRrontd St onRaThedddn¥ and the
around said one of the thrust faces, the paralle

! ¢ Bbt ¢ ! d dothi hehdft
Do, e ftht st bPUACWPREPEA B} A1 roihlfy PetbéhdRlutar to

#fc ke thrust face that is tilted extends fromthe

outer ‘dianeter to the inner dianeter for the remining
portion of .the thrust face of .said one_of e nmenber

5. Thah BRI Eepi RS, kA e SRS QB aibRr %’%tga cofferndithe

t he, menbers conprises the bearing pin. 9. The bit
BeaiBePim g dmapraengrgeme svith the éias% dhrast hearing surfaser t i on

is tilted in the range from .05 to 0.5 degrees. 10. An

ear t hthsoecong thiust beauing sirice diaviaghi tilted poytidrathatnig irclined relative
leg with a depending bearing pin extending along a

toethe ifing thoiust texfisg sudface ke fidédhordoa ek iéndiBy floHart BnéhBameter to

beari ng pin;an annular first thrust bearing surface on
& §@kedihS@ieP BLMRkedonf 158N eaHHg b ®ice for a selected circumferential
distance; and

the second thrust bearing surface having a parallel portion that is a parallel to

the first thrust bearing surface.

11. The bit according to claim 10, wherein the tilted portion of the second thrust

bearing surface comprises a flat surface.

12. The bit according to claim 10, wherein a converging zone and a diverging zone

are located between the tilted portion and the first bearing surface.

13. The bit according to claim 10, wherein the tilted portion comprises 25 to 100

percent of the second thrust bearing surface.

14.  The bit according to claim 10, wherein the second thrust bearing surface is

located on the bearing pin.
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bearing pin, the first thrust bearing surface being

flat and nom nally perpendicular to the axis; an
wa@emwabar4second t hrust bearing surface on the PCTES2006/039046

the cone and the bearing pin in dynam c engagenent

with the first thrust bearing surface; the second

thr usThobitrcovgding td eaien hayvilregein the filteihdR@e is@P ah Bigdle iSthe

inclined relative to the first thrust bearing surface,

tahge fiokd 08 t0Stdepiteedl #RE 1R thefabMeRPoriianer di aneter to

an outer dianeter of the second thrust bearing surface

for a selected circunferential distance; and the

second thrust bearing surface having a parall el

rti L. parallel to the first thrust bearing
gﬁrf a‘gg.egl?@goqﬁ%g%icf)mg%lg?di ng to claim 10, wherein

the tiJted portion of the second thrust bearing
sur f a%{%lt 58%&?‘%%%3 hit{qegyithyp depgndingibparing ping ¢

according to claim 10, wherein a converging zone and a

di ver e memiedioghe braaing githfor wetetion redativielto éak rarihg pin about a
and the first bearing surface. 13. The bit according

hearipg aimaxi§), wherein the tilted portion conprises 25

to 100 percent of the second thrust bearing surface.

14. Tareabular B64RTediMthrif fode@dinthd BearlMpslif the B@c\%ng%‘ﬁpﬁ)gust face

thrust bearing surface is | ocated on the bearin

RivihelBparditg pBitiondEESY AN ' "Bl kg
tilte port Fon |ns_ at an’ g%l{glﬁél@ ﬁé&‘ﬁé&%ﬁ%& 5 i 494 exignds
lert'IF’aIE/ea%&%sa gi?clu%gfler\égcet Sk tflg ge%%rg%illl ﬁ]lrusQ %'gctel, t g'bearing pin thrust
face having a tilted portion that is flat, at an angle relative to the axis, and extends
around a remaining portion of the circumference; and

an annular cone thrust face in the cone in dynamic engagement with the bearing

pin thrust face, the cone thrust face being flat and nominally perpendicular to the axis.

17. The bit according to claim 18, wherein the angle of the tilted portion is in the

range from .05 to .5 degrees relative to the parallel portion.

18.  The bit according to claim 17, wherein the tilted portion extends around the

circumference a distance in a range from about 90 degrees to 270 degrees.

19.  The bit according to claim 17, wherein a junction of the tilted portion with the
parallel portion defines a line extending from an inner diameter to an outer diameter of

the bearing pin thrust face.

10



16. An earth boring bit, conprising: a bit body having

a bit leg with a depending bearing pin; a cone nounted
wo eoovlg7ibearing pin for rotation relative to tPEI/US2006/039046

bearing pin about a bearing pin axis; an annul ar

bearing pin thrust face on the bearing pin, the

bear i Mye bit Bcdolditig to Elame1Tavieddin FhdPitad poRtioPids tROpAraRd]
is flat, nomnally perpendlcular to the axis, and

g@ﬁlgﬁ‘ gﬁvﬂﬁ%&tﬁJnsYth@?tﬁféﬁ&S%éfﬁ%ﬁ%ﬂe@ bf Q.Q:Smﬂj nl dABight line.
earing pi'n thrust Tace earing pint AT ust Face
having a tilted portion that is flat, at an angle
relative to the axis, and extends around a remai ni ng
portion of the circunference; and an annul ar cone
thrust face in the cone in dynam c engagenent with the
bearing pin thrust face, the cone thrust face being
flat and nom nally perpendicular to the axis. 17. The
bit according to claim 18, wherein the angle of the
tilted portionis in the range from.05 to .5 degrees
relative to the parallel portion. 18. The bit
according to claim17, wherein the tilted portion
extends around the circunference a distance in a range
from about 90 degrees to 270 degrees. 19. The bit
according to claim17, wherein a junction of the
tilted portion with the parallel portion defines a
line extending froman inner dianeter to an outer

di ameter of the bearing pin thrust face.20. The bit
according to claim17, wherein the tilted portion
joins the parallel portion at two junctions, the
junctions being |ocated on a common straight |ine.

11



