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benefit of United States Provisional Application for
Patent Serial No. 61/036,785 filed March 14, 2008, the

di scl.osur j.ch is hereby incorporated by
AttP@P%b@ﬁ@E%%%tﬁﬁb% FI ELD The present invention

rel ates generally to earth boring bits, and nore

particularly to roller cone rock bits. BACKGROUND A

roller cone rock bit,,i ' tool used in oil
gas, and m ning fie?égiygqgﬁggék# ugh the earth
formation to shape a well bore. Load and notion of the
bit are transferred to the bearings inside three head
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beari ng i's enployed, the main journal bearing is

charged with as nuch as 80 percent of the total radial
| oad. The main journal bearing is conposed of the head

(as the shaft), the bushing, and the cone (as the

prIGMSKNE)AMPUE tO high load (>10,000 Ib) and | ow speed
(70-250 rpm, theAttorney Docket 368614-203 1 bearing

operates in the boundary or the m xed | ubrication

I egTHIBagplicaMh €Rirh@e BeREA bSURNRY SERARIT&igbnal ABPRaAS L Patent
fromthe bushing. Load is supported by both asperity
Serf®Mo26/084IRS filed March 14, 2008, the disclosure of which is hereby incorporated

by reference.

TECHNICAL FIELD

The present invention relates generally to earth boring bits, and more particularly to

roller cone rock bits.

BACKGROUND

A roller cone rock bit is the cutting tool used in oil, gas, and mining fields to break
through the earth formation to shape a well bore. Load and motion of the bit are transferred
to the bearings inside three head and cone assemblies. For the bit where a journal bearing is
employed, the main journal bearing is charged with as much as 80 percent of the total radial
load. The main journal bearing is composed of the head (as the shaft), the bushing, and the

cone (as the housing). Due to high load (>10,000 Ib) and low speed (70~250 rpm), the



hydr odynam c pressure. The grease constrai ned anong

those asperities is the effective lubricating nmedium
w@eaoiteg2@munt is quite limted. It is not uneSUEE200D037006

the bearing to experience grease starvation in the

contact zone. Thereafter the bearing often undergoes

scor even catastrophic failure like
Attgrapy bﬂ%ebf&ge% Zﬂge is desirable that nore grease
be trap et ween the head and bushing at the contact
besrlig pgTaER &% CHPUERTE B eIt PIGHPbAETREer Bl &hd aead is not
made to FIGURE | A which illustrates a partially. broken
comapiglgly viceHRted T {fisi Ruahing.olload ic é‘i?é’o’ft%f’cE (5pth, aspprityRentpgy and
nore specifi cal illustrates one head and cone .
hydsadyangicypreshis- g@%@ i2Edasee eppirgiedaemene Hivae epsritiesi bnthefeffective
such a bit is well known to those skilled in the art.
lubmgpsing gpadlium @nd tthensunt is rpiite dieytethdt ireneti yigsush &¢rt the beging to
cutting cone 3 is rotatably positioned on the bearing
expshigifct 2eagh tetyafiomat thoreontaet zong.oUlhaekfter Ah beaying orften gmdergoes
of the bit includes an upper threaded portion formng
scoging,cobffipngi aven comephic dnlude Wk ghilifgawi seizbiat 6 isodprinddzt thatnmore
of the bit to a drill string (not shown). A
grehsghrel tegpedbetsyent tberhadi a1di bnshingl etdtht oopaadwitekdace in order to reduce
| ubrication to, and retain lubricant in, the journal
fridiear i ng between the cone 3 and the bearing shaft 2.
This system 6 has a configuration and operation well
known to those skilled in the art. A nunber of bearing
sy sRemena@rie mpdowi IGUREN Acwhick citusoatesm pantidllyebrpleuramway view of a
beari ng supporting rotation of the cone 3 about the
typlelrdllagcslabtk Bit. FhESREbeahiongswysicatysiliustedtds dee chead and cone

assembly. The general configuration and operation of such a bit is well known to those

skilled in the art.

The head 1 of the bit includes the bearing shaft 2. A cutting cone 3 is rotatably
positioned on the bearing shaft 2 which functions as a journal. A body portion of the bit
includes an upper threaded portion forming a tool joint connection 4 which facilitates
connection of the bit to a drill string (not shown). A lubrication system 6 is included to
provide lubrication to, and retain lubricant in, the journal bearing between the cone 3 and the
bearing shaft 2. This system 6 has a configuration and operation well known to those skilled

in the art.

A number of bearing systems are provided in connection with the journal bearing
supporting rotation of the cone 3 about the bearing shaft 2. These bearing systems include a

first cylindrical friction bearing 10 (also referred to as the main journal bearing herein), ball



first cylindrical friction bearing 10 (also referred

to as the main journal bearing herein), ballAttorney
W@wRA147368614- 203 1 bearings 12, second cyl i nBET/U82009/037006

friction bearing 14, first radial friction (thrust)

bearing 16 and second radial friction (thrust) bearing

Att%‘%%&%@?{#@%%% e to FIGURE IB, there is shown an

partially broken away vi ew of
anot her typical .roller cone rock bit. Reference 141
beaagel s Sqcgid il ision hagine ot "%‘(rétrra‘ilﬁlef“ﬁt&’i‘éﬂ{@@ SRR and
head shaft 130. Reference 106 refers to centra

secpiyt raflinhfgicugry @hre) RRENGIS jtsel f. Li ke reference
nunbers refer to like or simlar parts. It wll be

noted here that_a tapered thrust bearjng 16" is used.
1 R Tolerepg, E%&Eoi% P 1RSIV Tty Hﬁlﬁ@%{wwf\ﬁ @iy broken
FI GURE | A showi ng the bearjng systemin greater )
awgyeYigy ©f anpgher fyaorcg?roesn SORdiork At ReferensoltLiselarsita giepaisiod rotation
defined by an outer cylindrical surface 20 on the . )
for ghezgons 5 Osdithe hoad shaft BYY- iRefragnce §06 ieéhrs legrnteal Fatafing aph ofthe bit
~a bushing 24 which has been press fit into the cone 3.
itseth kikp yefpicngy pumbess farite dike joa sweilas ppitct rwilliBeppaied hepe that a
made of beryllium copper, although the use of other
taperad dwpshbesring 1&owiedi n the art. The ball bearings 12
ride in an annul ar raceway 26 defined at the interface
bet ween the bearing shaft 2 and cone 3. The second

cy| FIG4RE 3| illpgtiates jaoparpd by briakem awiys viget ¢ BIPURE A thevapg the
cylindrical surface 30 on the bearing shaft 2 and an
bearing eystany i gegpter détaib ulhea diest 3plinkicaleicieankcagng Thes defined by an
cylindrical surface 30 is inwardly radially offset
outrr imdieal surfage 20 phithalbdaciag skafr 2 and a ineepdinliigag surface 22 of a
radial friction bearing 16 is defined between the
bushingsi4 whah des boch pigdsi fidmitac dle done At | ©his bashing1 g4 140 rangebhaped
12 by a first radial surface 40 on the bearing shaft 2
stri@hule gypically made of beryllium copper, although the use of other materials is known in
the art. The ball bearings 12 ride in an annular raceway 26 defined at the interface between
the bearing shaft 2 and cone 3. The second cylindrical friction bearing 14 is defined by an
outer cylindrical surface 30 on the bearing shaft 2 and an inner cylindrical surface 32 on the
cone 3. The outer cylindrical surface 30 is inwardly radially offset from the outer cylindrical
surface 20. The first radial friction bearing 16 is defined between the first and second
cylindrical friction bearings 10 and 12 by a first radial surface 40 on the bearing shaft 2 and a
second radial surface 42 on the cone 3. The second radial friction bearing 18 is adjacent the

second cylindrical friction bearing 12 at the axis of rotation for the cone and is defined by a

third radial surface 50 on the bearing shaft 2 and a fourth radial surface 52 on the cone 3.

An o-ring seal 60 is positioned between cutter cone 3 and the bearing shaft 2. A

cylindrical surface seal boss 62 is provided on the bearing shaft. In the illustrated



second radi al surface 42 on the cone 3. The second
radial friction bearing 18 is adjacent the second
w@oontrecal friction bearing 12 at the axis 0PCT/US2009/037006
rotation for the cone and is defined by a third radial
surface 50 on the bearing shaft 2 and a fourth radi al
surface 5 n e cone 3. An o-ring seal 60 is
A“B@@YﬁPgﬁééﬁ%é?éan cutter cone 3 and the bearing shaft
| i.ndri cal urf S boss 62 i ovj ded
Cor%lﬁgraﬂgﬁﬁrwr%ﬁ%?ﬂtﬁe i ‘?%@ 67 %&W%@e/émlfﬁdafﬁesﬂbmw@fkness of
368614- 203 configuration, this surface of the
the hyshings) ff@m&h% epreavndrical surfage 29t é@ﬁrﬁtﬁpctt%&eemﬂg&@n é@gﬂl be
of the bushing 24) fromthe outer cylindrical surface
undeptqefl thay ghefsepldross oulc qx@rbltg@aqffsﬁgwq}gresgept t@ithq mpjg journal bearing
under st ood that the seal boss could exhibit no offset
surfgee i dedrpde dn anpulpthgandefdns ffosmed & thp eeira hglleuglgngdcd 4nfl seal boss
desired. An annular gland 64 is formed in the cone 3.
62 Flign witlagagh ethemnwhienstbaFutbeserng 2 iatdtgeblnpesiticngd hn ticthepring shaft.
when the cutting cone 3 is rotatably positioned on the
Thhesing papl 6hafcompiEhed betwiepyths ewiface®) disthe glapd @k wlghe seal boss 62,
bet ween the surface(s) of the gland 64 and the sea
andofdsgiof? o mnach fubmeni orke baaringti@a aroundbthe daartngispstetheand prevents
bearing area around the bearing systens and prevents
anyamytericad @riilamle $nuddind kEbrizyinnhciwelhbord &omi ed)ering irttdrthe Wedring area.
bore fromentering into the bearing area. Wth
r ef Witk nefereoctCencagaaifl té BIGUKIIRE, thB, tajichel thapefredot beaiag 16 is
friction bearing 16' is defined between the first and

defiRg 6&theEyiht Mgkt bddecdld Slih@vabeRtibgRride: @nehd 12 bP fast conical
first conical surface 40' on the bearing shaft 130 and

surfacS 8F UNhE BRri@a khaFUrJ0ame a%dcon@Rohibe sGPe 4256h thERBne 150. The
features of FIGURE I B are otherw se generally the sane

feafifesiol FIGERIRES aloAo iR s fgeﬁéhaﬂllyehet Afe Y ACOR HYAEardD.

some instances been referred to as cylindrical or

radywalle (RNArHRY faRerNoaRoNRaRes bidi&aferred to Xg' JlinBieal or radial,
under st ood that other surface geonetries (for

and have been shown as linear, it will be understood that other surface geometries (for
example, non-linear geometries neither parallel with nor perpendicular to the axis 141 of cone
rotation, such as toroidal or otherwise curved) as are known to those skilled in the art may
used for the bearing and thrust surfaces.

Load in the bearing system is supported by both asperity contact and hydrodynamic
pressure. Lubricant is provided in the first cylindrical friction bearing 10, second cylindrical
friction bearing 14, first radial friction bearing 16 (or tapered thrust bearing 16’) and second
radial friction bearing 18 between the implicated cylindrical and radial surfaces using the
system 6. However, it is not unusual for the bearing to experience grease starvation in these
surface contact zones of the bearing system. This can result in scoring, scuffing, and even

catastrophic failure like galling or seizure. There is a need to retain lubricant in position



exanpl e, non-linear geonetries neither parallel wth
nor perpendicular to the axis 141 of cone rotation,

WG ewb/1a52a or oi dal or ot herw se curved) as are RCDUR200W037006
those skilled in the art may used for the bearing and
thrust surfaces. Load in the bearing systemis

rted asperity contact and hydrodynam c
A“EW Bﬁﬁty§%$$?@§' is provided in the first
friction bearing | indrical

cylindric co d
iy SESE ﬁ@dmpﬁgat%andf ?HPQEGdr%’E]iP%(F R AT pfgthg gearing
(or tapered thrust bearing 16') and second radi a
SYSff}-ct i on bearing 18 between the inplicated cyllndrlcm
and radial surfaces using the system 6. However, it
not Referaadgar mrde to the folloxrmmpriargriedasemeniyi b S gPasens os. 3, 839 774
starvation in these surface contact zones of the o
(Odsedr iHg). H2did (B 3. ¢34 read (Jh485i8R0 stedr Phgl 996k 0B Pigplication
and even catastrophic failure Iike galling or seizure.
200PHRH 20914 Nav.nide d0Q5% and P4 ThPublipation IO 2007/146276 (Dec. 21, 2007), the
posi ti onAttorney Docket 368614-203 1 trapped between
dis¢lpsards pp Which teeschesaby impposed yykfereded. cal and radi a
surfaces of the bearing system Reference is nade to
the followng prior art docunents: U S. Patent Nos.
3,839,774 (Cct. 8, 1974), 4,248,485 (Feb. 3, 1981) and
5,485,890 (Jan. 23, 1996): U.S. Publication
SURMDNISRE252691 (Nov. 17, 2005); and PCT Publication WO
2007/ 146276 (Dec. 21, 2007), the disclosures of which
are hereby incorporated by reference. SUMVARY To
addFesdlress dipues off grggse atievativmpyd PPivlcabrdripg dalup, at is desired to
bearing failure, it is desired to increase the anmount
incighsel thb pinoaritof fiaicant diat lsen heimaingdimeldinitine $unace comftawt gones of the
contact zones of the
bearing system. In an effort to introduce more lubricant into these surface contact zones, the

surface topography of the bearing system is modified in the manner described below.

Surface texturing is employed to modify the topography of one or more surfaces
(without limitation, for example, radial or cylindrical) of the bearing system for a rock bit.
Innovative methods and apparatus are described with respect to certain features of surface
texturing and its beneficial effect on reducing bearing friction and prolonging bit life. These
features address deficiencies of the prior art with respect to the configuration and operation of
the main journal bearing surfaces as well as the pilot pin bearing surfaces and thrust bearing

surfaces.

Due to heavy load and low velocity, the head shaft and the bushing of the main
journal bearing are in contact at the loading side of the bearing system. This metal-to-metal
contact dominates the frictional behavior of the bearing system. The friction coefficient can
normally reach over 0.1, which generates enormous heat and can lead to bearing and seal
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bearing system In an effort to introduce nore
| ubricant into these surface contact zones, the
waenbace2a opogr aphy of the bearing systemis npci/UEma9/037006
in the manner described below. Surface texturing is
enpl oyed to nodify the topography of one or nore
surfaces | limtation, for exanple, radial or
Attgraey ﬁa%eﬁéﬁ%fﬁ%g&{lhe bearing systemfor a rock bit.
I nngvati ve nethods d apparatus are described with .
failpges plpimnreyed ‘?p%i‘irlﬁg ity gty B g 05 el i lﬁgeéulf@ﬂcaﬂon
its beneficial effect on reducing . bearing friction and
IegHRG F}@Ff‘gz}rﬁ éwcb{n@aqs itg ereaty hgttes lybaigtipnda thespyyuglace contact areas: supply
deficiencies of the prior art with respect to the
MOESCHEASR) O SENFTBNG LT BPEPRtRBIF BESSEBe mai n j our nal
bearing surfaces as well as the pilot pin bearing
surfaces and thrust bearing surfaces. Due to heavy )
| oaldt 3ReTdsH Wit e ppbodimend. thedepagfaphy cAdke basd bserdty ngtem is
of the main journal bearing are in contact at the
moglifisd|bn gurgch exping frehdegyi HAQSngagq tswurerip jngroduced, either on the head
~nmetal -to-nmetal contact dom nates the frictional
sidpehenvihe Pusingt (Aecasehvidanigr 8981 ehthe Prasingrsygem dor the roller cone rock
coefficient can normally reach over 0.1, which
bit. gEeusfeesstextnorndiseiosheé hereimnerhadgn dinpdes whichostam additignel lubricant
seal Attorney Docket 368614-203 1 failure. To inprove
and drethpe belpubtolredueg the iactfoniic the bourhlary and nbecdriehtiveeh regimes
m xed |l ubrication regine, there are two neans to
create better lubrication in these surface contact
ar edtace tpppiripg pe descybedhkescio rcragton epesiadly gratiemed dimples on one or
hydr odynam ¢ pressure. In accordance with an
mognfoidéarehthe tehrng ypogy dpiisrest it bevchgaid nipdartd R ERES éMmand 2
is nodified by surface texturing technol ogy. A surface
for tag xdamtiBcation iof ppodilc esturadi subfeses am theHeatreag seindie@ aoscordance with
the bushing (or cone) side (or both), of the bearing
embyihens fdacriicdéheredd. | karone dmplemonthtion, the surface texturing is provided on

an outer cylindrical surface 20 of the bearing shaft 2 which forms part of the first cylindrical
friction bearing 10. In another implementation, the surface texturing is provided on an inner
cylindrical surface 22 of the bushing 24 which has been press fit into the cone 3 and which
forms part of the first cylindrical friction bearing 10. In yet another implementation, the
surface texturing is provided on an outer cylindrical surface 30 of the bearing shaft 2 which
forms part of the second cylindrical friction bearing 14. In still another implementation, the
surface texturing is provided on an inner cylindrical surface 32 of the cone 3 which forms
part of the second cylindrical friction bearing 14. In another implementation, the surface
texturing is provided on a first radial surface 40 (or conical surface 40’) of on the bearing
shaft 2 which forms part of the first radial friction bearing 16 (bearing 16’). In yet another
implementation, the surface texturing is provided on a second radial surface 42 (or conical

surface 42°) of the cone 3 which forms part of the first radial friction bearing 16 (bearing
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bit. The surface texturing disclosed herein includes
di npl es which retain additional |ubricant and are thus
whelpfitd72¢ o reduce the friction in the boundarpCHO2009/037006
m xed | ubrication regines. Surface texturing as
descri bed herein creates specially patterned dinples
on ope .or [ rfaces of the bearing system
Am?%?% Qﬂﬁéygg %ﬂ@g'again made to FIGURES | A and 2 for
an entificati n of pos |bIe textured surfaces in th
16’ Beéle .SHE 289 hpretR HlomCRiadh olBh CrTyger FRFo B PRHAST on a third Tadia
i bed herein. In one inplenentation, the su
Surfaé%(b?ﬁ th@beragm% PR 2ty forn Pyt plethe WP%@?W&CU@U@@PQ&%IS In
20 of the bearing shaft 2 which fornms part of the
yetfanaﬁb@r lwlemmatl%%wfﬁurf@qel teruRep PrYyided on poyHigedal surface 52 of
i mpl ementation, the surface texturing is provided on
thegang hybich &gris mefit EdE sengnd edial fiztion beanag s Ay gorplgnation of the
whi ch has been press fit into the cone 3 and which
for¢gomegexsercd swiaceshwith pptsxtugsy sunfeges, cwy alsp betjedn bear i ng
10. In yet another inplenentation, the surface
texturing is provided on an outer cylindrical surface
30 Bre dimelep of therigriaesaextunngypihere polugcanh Faserypirs ykich permeate
second cylindrical friction bearing 14. In still '
the dnlnicaen g thempier-spaco el moted asparitiat e Meaxwlitg highprshydrodynamic
provi ded on an inner cylindrical surface 32 of the
pressoreas Senghatashonfthy disppeaarta. diotht fvactames Greditay hi maproealent in bearing
friction bearing 14. In another inplenentation, the
sysgur fuboentive xtithr 2 ngluctenpindvictibed Ions arefarred tthat alei diimples of surface
surface 40 (or conical surface 40') of on the bearing
texsinatove? batvecth a0 partte aftachdedringsturfaadbBlintdredt.ct Exan more
bearing 16 (bearing 16'). In yet another
prefengbllye niea dahplenghoullecsur bageed 6800V oiythe Suffi@vofti@ttradn dn an
second radi al surface 42 (or conical surface 42') of
implfiBerti0e, tBe WiRiptd cbadi BRbspatidllyaiooth e tel siffhcerolidhtérbst.
friction bearing 16 (bearingAttorney Docket 368614-203
116"). In still another inplenentation, the surface
t exErdbodigeritShgpeiovitiliecting Pnaoit ot b adiidl of methods to create surface

texturing including: machining, chemical etching, laser texturing, deep rolling, vibratory
finishing, etc. Controllability, uniformity, cost, coverage area, dimple size, dimple depth, and

dimple shape are the factors which determine which method is selected to form the texturing.

In a preferred implementation, shot peening is used to create the dimples of the
surface texturing. More specifically, a two-step shot peening process is used. In accordance
with this two-step process, in a first step the bearing system surface to be treated is exposed
to a first shot peening action wherein the surface is bombarded at a first intensity level by
small spherical media (the “shot™) of a first average size. In a second step the same bearing
system surface being treated is exposed to a second shot peening action at a second intensity

level wherein the surface is bombarded by small spherical media (the “shot”) of a second



surface 50 of the bearing shaft 2 which forns part of
the second radial friction bearing 18. In yet another
WO ppbemend ati on, the surface texturing is provPdEUSINI/EB7006
fourth radial surface 52 of the cone 3 which forns
part of the second radial friction bearing 18. Any
conb e foregoing textured surfaces, with
A“aﬁ?%k?awégﬂéﬁéﬁﬁg» may al so be used. The dlnples of
t he surface tex urin behave as |ubricant reservoirs
avefEe SHOp SFTiEatY. Ph &CPPh sty lffﬁel lﬁf%lufeqc}?n%f@rfergtﬁa@wéfflevel
nmetal asperities. Meanwhi]le, gher hydrodynam c
Preffrahly dhcesepand gueiageizsds Wlkeh@alaﬂmr% QYT SIZBot h
functions facilitate an inprovenent in bearlng system
| ubrication with a reduction in friction.
pr et PEECTECHAPIINENtHfiih| Q@Sh SfeP S{fir PG RO PER (S epgpige process s
bet ween 60-100% of the contact bearlnq surface of
effqctitaer de pehigsg grpepisd Copiregearattypetveri O0hT Al e IVheH pgengd coverage
cover between 70-90% of the surface of interest. In an
arcpsf] lesrdhipn 0P Grire pisd iy paeBIstss. Bewed! istorshisyr ¢ Analypeangdgpverage
of the surface of interest. Enbodi nents herein utilize
aregy ithgaweerto e weaidd arfpen oleatjeast 6Gvet dndasore gpestiatle 70-90% and
surface texturing including: machining, chem ca
eveatnadi¢ prgferdbhswhich appreachesepr ragelesy smbﬁtalntlﬁg', 100Ydr at ory
finishing, etc. Controllability, uniformty, cost,
coverage area, dinple size, dinple depth, and dinple
sh alp@vﬂgﬁ@th@lﬂee underriepd thihthe Fhog Becsinginfeccsshioald uilighpere than two
selected to formthe texturing. In a preferred
seppigfsl nepEng adtionn , Fos lssamipe erthisersticr, fowresdent or mpeatap provess could be
di npl es of the surface texturing. Mre specifically, a
usetlwbacht seqp wdvdd protseabiingilize ddsmt dvwrags eded npdiasdbdiffemutantensity
Wth this two-step process, in a first step the
levieari ng system surface to be treated is exposed to a
first shot peening action wherein the surface is

bonbarded at a first intensity |evel by
Disclosure is also made of an intermittent type of texturing for bearing surfaces

wherein not all of a given surface receives the surface texturing treatment.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1A illustrates a partially broken away view of a typical roller cone rock bit;

FIGURE 1B illustrates of a partially broken away view of another typical roller cone

rock bit;

FIGURE 2 illustrates a partially broken away view of FIGURE 1A showing the

bearing system in greater detail;

FIGURE 3 illustrates an exemplary shot peening impact pattern;
8



smal | spherical nmedia (the "shot") of a first average

size. In a second step the sane bearing system surface
wheimngi4eeat ed i s exposed to a second shot peePCTHS2009/037006

action at a second intensity |evel wherein the surface

I s bonbarded by small spherical nedia (the "shot") of

a second [ Docket 368614-203 1 average size.
AttW&@P‘gﬁfA%g%tl%gggecond intensity level is reduced from

the first intensity level. Preferably, the second

aveSy&tst Yl FRgressratie WRaC ghi feregfveticlyies Spggireated by

In a preferred inplenmentation, each step of the
theshps Pegrdie SHECUBESt ApRYorol08<scoverags g6t uat ed to

achi eve a peened coverage area of between 60-100%

When peened coverage areas of |ess than 100% are used

' n WGURGE @bl,str*ttwemg%%ﬁs-%ww WERF RS dntares WD lﬁégﬁ%ﬂeated by

coverage area With respect to the treated surface of
addifjonplshigt pestiog Witk g crvsTage RO festrt §0070- 90% and even

nore preferably which approaches or reaches

substantjally 100% It wll further be understood that

t hel ISHGTE PAURITAE B GLEYLar JUPF fet9 FehePect i gxequiign of the

separate peening actions. For exanple, a three-step,
additiqhal shpihsenige nore- st ep process coul d be used. Each

step woul d preferably utilize different average sized

med| ifferent intensity |evels. Disclosure i
al %ﬁ%ﬁﬁ% -gfg aé‘ﬁ 9 ‘ﬂP%Wﬁ’ {1t GRS e Bpurfagg £ Pihet f"’é‘?“i has been

bearing surfaces wherein not all of a given surface
tregiedely; apeard ditingal st PeROEGIERRCEY i ng treat ment. BRI EF
DESCRI PTI ON OF THE DRAWNGS FIGURE |Aillustrates a

partial | Eroken way .view of a typical roller cone
r ocilGil{Rt]%/S P(i‘]ﬂEle?r IlFlﬁ%etSrﬁlﬂl%tEa“Bg IGPYSEIAY af 4P PR gpptwveen
away. vi ew of. anot her t¥pi cal roller cone

surfaces that have subjected to a two-step shot peening process;

FIGURE 12 is an image illustrating the topography of a regular machined surface;
FIGURE 13 is an image illustrating the topography of a two-step shot peened surface;

FIGURES 14, 15 and 16 illustrate the beneficial effect on the friction coefficient

which accrues from surface texting;

FIGURE 17 illustrates a partially broken away view of a roller cone rock bit when

operating in a formation;
FIGURE 18 illustrates a cross-section taken through a journal bearing; and

FIGURE 19 illustrates an alternative form of intermittent surface texturing.



rock bit; FIGURE 2 illustrates a partially broken away
view of FIGURE | A showi ng the bearing systemin
w@e@atietr2ddet ai | ; FIGURE 3 il lustrates an exenpPEF/yYSnY037006
peeni ng i npact pattern; Attorney Docket 368614-203 1
FIGURE 4 illustrates, in cross-section, a surface of

i nt erest i s been treated by the shot peening of
A“?P@UEEa§t§%6%¥2 out 100% coverage area; FIGURE 5

illustrates, in cross-sectjon, a surface of interest
DE&ﬁ@%ﬂDﬁg@%@@gﬁ(@;ggg@%i g@Hpﬁional shot peening wth

a coverage area of less than 100% FI GURE 6

illTustrates an .exenpl a [ ct. pattern with respect
o SREERITORTBH CHE AN PORAT Wb PoFaaN; Hoons-pcDREssurfaces
.. 8 and 9 illustrate, in cross-section, a surface of
<raq¥1ﬂt0ér0¥@tdrw eﬁt%ﬁ SIS SHO IR &t I IERyCORR ol 't {THR APriRgs sxturing
peeni ng process; FIGURES 10 and 11 are_ inages ) o
resylfs| ip @tdigpledh gutasp SGicA Ry Ing ¢ mak@H@C%{lmﬂmsrﬁﬂlfcg@efgwﬂon in
t hat have subjected to a two-step shot peenin )
the @Pb@égsendpn@}h@bmatiog P raypiare FQrsTagafich éorttﬁ%dlmpled texture
t opography of a regul ar machi ned surface; FIGURE 13 is
shogildl ¢ atj 3 gy PG MR prelselhaph petoren 79-R0%os piedyeven more
shot peened surface; FIGURES 14, 15 and 16 illustrate
prefoblibenpedark pracachfappiokingtely HW%.r i cti on coeffi ci ent
whi ch accrues from surface texting;, FIGJRE 17

illustrates a partially broken away view of a roller
conkefergrge ipopcofgam made to FIGURES 1 and 2 for an identification of textured

surfaces in the bearing system to which this surface texturing is applied.

Turning first to the first cylindrical friction bearing 10, surface texturing is provided
on one or the other or both of the outer cylindrical surface 20 on the bearing shaft 2 and the
inner cylindrical surface 22 of the bushing 24 which has been press fit into the cone 3, these

surfaces forming the first cylindrical friction bearing 10 (or main journal bearing).

With respect to the second cylindrical friction bearing 14, surface texturing is
provided on one or the other or both of the outer cylindrical surface 30 of the bearing shaft 2

and the inner cylindrical surface 32 of the cone 3.

For the first radial friction bearing 16, surface texturing is provided on one or the
other or both of the first radial surface 40 (or surface 40°) of the bearing shaft 2 and the

second radial surface 42 (of surface 42”) of the cone 3.

Lastly, for the second radial friction bearing 18, surface texturing is provided on one
or the other or both of the third radial surface 50 of the bearing shaft 2 and the fourth radial

surface 52 of the cone 3.
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operating in a formation; FIGURE 18 illustrates a
cross-section taken through a journal bearing; and
WOR@BYRE72® il lustrates an alternative form of PCT/US2009/037006
intermttent surface texturing. Attorney Docket
368614- 203 1 DETAI LED DESCRI PTI ON OF THE DRAW NGS
Surface texturi is enployed to nodify the topography
Attgiaey, 88@f§§%r%2gﬁrfaces (radial or cylindrical) of the
beari ng systemfor a roller cgone _rock bit. The surface
t exf B TP ALY P{ &e fiesping P S%@Pf%%%ﬁ%l@ﬁ upisrradgurtaces,
addi tional lubricant helpful in reducing friction in
may Rlgo Botssttary and mi xed | ubrication regimes. Surface
coverage area for the dinpled texture should exceed at
a m.ni num 60%. nore preferaply be tween 70-90% . and
eveTPen%Fl@eﬁ Péf‘@r%bfﬁ‘iﬁ taﬁﬁ%%gﬂla&? ay @gewnabeﬁ?r&%rw igh permeate
100% Reference is once again nade to FIGURES 1 and 2 )
thet lypriggion daiet infqrepacr off Betal exitied SYipgmadde pighgrnpydrodynamic
bearing systemto which this surface texturing is )
pregiyps ip eenerafqgyan thydipipfestrea: BotthBingtiqns facglijate pyinpre@yement in bearing
friction bearing 10, surface texturing is provided on
systghelubiicatiie ot her or both of the outer cylindrica
surface 20 on the bearing shaft 2 and the inner
cylindrical surface 22 of the bushing 24 which has
beehlpPssy Hore of grvarigth of astods can brewsed s pipae de digpled pyrface
the first cylindrical friction bearing 10 (or main
texjuping riadludies rpasginingnchemicdseieling, tlaser frxtymgogepp rolling, vibratory
cylindrical friction bearing 14, surface texturing is
ﬁniplii@g/,i sledpasningnetc.orCantrellabilifpr unsforthigy, Frogff coveeage wragy dimple size,
cylindrical surface 30 of the bearing shaft 2 and the
dinipten deptle yenil nlainple ahapsuirdtars evl8ch wifluertve vduehemgthod is selected for the

surface texturing process.

The dimpled surface texture should be random and with uniform coverage.
Preferably, different sized dimples should be present and should be randomly distributed
across the surface. A finished coverage area of substantially 100% on the surface of interest
is preferred. If the original surface is obliterated entirely by overlapped dimple texturing,
then it can be said that 100% coverage area has been achieved. Additionally, the finished
surface texture should lack any sharp edges which could contribute to undesirable metal-to-
metal contact in the bearing system. It will be recognized, however, that benefits accrue from
finished coverage arecas on the surface of interest in excess of 60%, or more preferably

between 70-90%, and on up approaching 100%.

In a preferred implementation, shot peening is chosen to form the dimpled surface
texture through topology modification. Shot peening advantageously has characteristics of
randomicity but with uniformity of coverage. Shot peening is also a controllable process so
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For the first radial friction bearing 16, surface
texturing is provided on one or the other or both of
W@ b@ofil478¢ radi al surface 40 (or surface 40') BET/UR09/037006
beari ng shaft 2 and the second radial surface 42 (of
surface 42') of the cone 3. Lastly, for the second
r adi fricti earing 18, surface texturing is
AttBWSX/ﬁB@YTt %@%‘ggoﬁr the other or both of the third
a surface 50 of, e beari t 2 and the
thay aﬂy ?1198 desvay S‘érgarcF%\E’él g‘?’ed‘f GRS gC%tORpgraPWthlmH%% for a
368614- 203 1 Any. conbi nation of the foregoing textur
maghipadgueace (OpFip a&@gw &R DRsREkTUie: S8 KPR, th??ﬁyk%lp%tsl the art,
be used. The dinples of the surface texturing behave
shog geaningris & aplfl waslsiag pivicess imivhich tsetupfacet of 2mag it heypbagdadiyrpmall
into inter-space of nmetal asperities. Meanwhile,
sphefiggh evedisyaiadoiptariaeh prosavese tiny diraple oatlhedsugfce qaased by impact,
dinpl e area. Both functions facilitate an inprovenent
Shqt pegyae is mepre yadebimsied b ¢redie FonpRresiy stiere sops trolicduceffatigue crack.
variety of nethods can be used to create the dinpled
Inspigadfterale viewtthat itimyg dinpdds adi gegerated ohithei sufacecHotipesaing is employed
etching, laser texturing, deep rolling, vibratory
as fasenitetlibagin Hhetdiffgerti pugyose inccred@mgtar bk ishifiog, texture which can
uniformty, cost, coverage area, dinple size, dinple
comdegih hmoranidbidbianplire tikhbgaeing aatfades conlrict Roneaif) | andngeetatd olereased
method is selected for the surface texturing process.
hydFb@nainieph@surs wihfc Gettdr exiatite tisdinatiol fuefac@ndom and w t h
uni form coverage. Preferably, different sized di nples
shoul d be present and should be randomy distributed
Any one or more of the surfaces 20, 22, 30, 32, 40, 42, 50 and 52 described above can

be subjected to the shot peening treatment. In a preferred implementation, a two-step (dual)

shot peening process is utilized on the surface(s) of interest.

In a first step, shot peening is performed on the surface using a first shot media at a
first shot intensity. The shot peening action of the first step is performed for a first period of
time in order to obtain a desired coverage area. The shot media is preferably cast steel which
in an exemplary implementation has a first average size of 0.011 inches, and the intensity of
the first step is 0.007~0.010C (measured by Almen strip). Alternatively, the shot media is
glass bead for softer surfaces such as the inner cylindrical surface 22 of the first cylindrical
friction bearing 10 on the bushing 24 (with an intensity of the first step being 0.008~0.012N).
In an exemplary implementation, the glass media has an average size of 0.006 inches. The
distinction between a hard surface and a soft surface may be made based, for example, on
whether the hardness of the material exceeds a certain threshold (such as, for example, a

hardness of HRC 45). In the implementation described above for the main journal bearing,
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across the surface. A finished coverage area of

substantially 100% on the surface of interest is
weewbat4ed. |If the original surface is oblitere@®Ets2009/037006

entirely by overlapped dinple texturing, then it can

be said that 100% coverage area has been achi eved.

Addi a e finished surface texture should | ack
A“8ﬁ§ybﬂ§F &g%éﬁé Whi ch could contribute to undeS|rabIe

al -tonet al . cont act ar :
thea%urPaé&é&%fdf%%@ Sl b arﬁ%ﬁ% of Bttt “Fdi% bushing of
finished covera e areas on the surface of interest in
berghipmecerpsr hsoohardiiessripkoys P& Cettabl y bet ween 70-90% and
on up approaching 100% In a preferred |nplenentat|on
shot peening is chosen to formthe d| npl ed surface
¢ extEIEbRh %@Wﬂ%ﬁme&a@%ﬁ e ro1IERE ifegm C@ﬂﬂ?ﬂ%@ﬁf% first shot
advant ageously has characteristics of random city but
peewngﬁtea tﬁrothﬁf 5 Perfodcdisiediy Betwapint0p @i Okyo-i Q%qr% iy excess of
control |l abl e process soAttorney Docket 368614-203 1
109 &2y olgoybe Py Eed e SioV erdess ir dehinrds asnthe| extpat 60 eresif) ©f spmplete
surface topography (this allows for a machi ned surface
textugingfos texgraplac @impling of heeneercsr fhacepoesysternoipys.t with 100%
those skilled in the art, shot peening is a cold
covgrsek i thgy opeivele swidce touiiite hott the $caodichf hay lp@ntpq'e@,ed has been
bonbarded by small spherical nedia called shot. Each
oblgérated besarvlg dy aht firmtysholi pepiieg eipp. t Gevesage fracecss afi $&Wo pyobtained by
I mpact. Shot peening is nore widely used to create
exterolimgr tbs sxpoeurs timegs psanimgsbely ond thatuoaee Whith gpurequared ek achieve 100%
Inspired by the view that tiny dinples are generated
coveragt.hBorsuamplees 2@Rotovemgaimogldibe aeliipled e dhapecesethe bathce for
herein for a different purpose in creating a dinpled
twisditht ameurt @R time @eoskdbgto ObBINGOINSYy @iveragor € | ubri cant in
the bearing surface contact zone(s) and generate
i ncreased hydrodynam c pressure which better separates
t heFIGRERH B glhstrattaaesxemplary impact pattern with respect to execution of the

first shot peening step with at or about 100% coverage area.

FIGURE 4 illustrates, in cross-section, a surface of interest which has been treated by

the first shot peening step.

Conversely, FIGURE 5 illustrates, in cross-section, a surface of interest which has
been treated by the first shot peening step with a coverage areca of less than 100% (i.e., for a

shorter period of time).

In a second step, shot peening is performed on the surface (FIGURES 4 or 5) resulting
from completion of the first step using a second shot media at a second intensity. The shot
peening action of the second step is performed for a second period of time in order to obtain a

desired coverage area. The shot media is preferably cast steel having a second average size
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Any one or nore of the surfaces 20, 22, 30, 32, 40,

42, 50 and 52 described above can be subjected to the
waebev/ipgeni ng treatnment. In a preferred i npl enRCE/HS10091037006

a two-step (dual) shot peening process is utilized on

the surface(s) of interest. In a first step, shot

rfiy gt STk eBIEhor “nt onsi Ly, The shot peening

tion of the first step is perfornmed for a first
of @@H BEheawhichs Tl Gt e GrosBrearst Sponeal fhednieRyeA e second
area, The shot nmedia is preferably cast steel which in
stey it QAURPI0APY (mapletdnt Ale ntiids Alefmapiegly. e phaydnediazig smaller
of 0.01 1 inches, and the intensity of the first step
glagssbegd dpypofierpunfages @y&ﬁ]}ﬁ lj]pee@mg)py}\pcmgﬁl g]lrﬁapepp of the first cylindrical
Al'ternatively, the shot nedia is glass bead for softer
fricgign peprmg 18 wwHhaBushig J4nieefeadlyi Hriicenpd couerpgecascpesying from
the first cylindrical friction bearing 10 on the
corppletivinred tipsisccqudtshotengeiing gersis bytween 6Me afid FP6.st ep bei ng
0.008-0.0 12N). In an exenplary inplenentation, the
gl ass nedi a has an average size of 0.006 inches. The
di skIGRERE 6 nllustptaic ah cxenipidry impact asteera mdthaepestt to sepquiier of the
may be nmade based, for exanple, on whether the
sechiagr dhaerpsnipg stehwithdgsehaml 0Bx eesthge arcger t ai n t hreshol d
(such as, for exanple, a hardness of HRC 45). In the
I mpl ement ati on descri bed above for the main journa
beafIGHIREAT tllyptrriss. Doepeetsediepa i fagesofinterget yinely lpg beyf treated by
har dened steel material has a hardness of HRC 58-62,
thewiprone shoh pedpingtstengwhdén stasting from thedopptep resalf showrpindheERE 4) for
of about HRC 38. Preferably, the peened coverage area
a sqeesdipariod gf fimo necsenpl teobtom sobstanitinlly F40Pstovstage apeeni ng
step after the first period of tine is between 60% and
100% Coverage in excess of 100% nay al so be provi ded.
CoVIBCAIE § dlugledtesnincbress-sedion.extustace ¢fiinfesetrvgelt has dpen treated by
conpl ete
the secrL'Eld shot peening step (when starting from the first step result shown in FIGURE 5).

In this case, the second step has less than 100% coverage (due to exposure for a shortened

second period of time).

FIGURE 9 illustrates, in cross-section, a surface of interest which has been treated by
the second shot peening step (when starting from the first step result shown in FIGURE 5).
In this case, the second step has 100% coverage through selection of the requisite second

period of time.

No matter what coverage area percentage is accomplished with the second shot
peening, it is preferred that the second shot peening step at a minimum compact, as shown in
FIGURE 7, any sharp edges present in the surface texture resulting from completion of the

first shot peening step (see FIGURES 4 and 5). This will result in an improved surface
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texturing (for exanple, dinpling) of the surface by

the process step. Thus, with 100% coverage the
w@eiogitneko surface texture of the surface whi chP¢EESIHOB037006

peened has been obliterated entirely by the first shot

peeni ng step. Coverage in excess of 100% i s obtained

by ext endi exposure tine to peeni ng beyond t hat
Am?%ﬁ%ERﬁWEhﬂgéiagﬂuired to achi eve 100% coverage. For

exa e: 200% cover age ul d be achi eved hy shot )
tex e W&htﬂ@r% hespasoipAY p @ﬂ{%@etahiﬁmﬁ o¥ R’Fibﬁé“ng system is

necessary to obtain a 100% coverage. FlI GURE 3

redpgedyst rat es an exenpl ary inpact pattern with respect
to execution of the first shot peening step with at or

about 100% cove e area. FIGURE 4 illustrates, in
cr o%é*—lér%f@{rich)%?t tolleyiine seiblstion w? tg? &t PN ¢HECTh o or more
treated hy the first shot ‘eening step. Conversely,
stefps) e JRE Sy Ticp pfigtqret- dhat sybstapiiglysl00%rqoveiAge aieasiyr Foppliingsk first and
i nterest which has been treated by the first shot
secpcbHFreeecanne vathcipplingges aghieucdof Hoveaysr. thesmarg gdoantages to
(i.e., for a shorter geriod of tinme). In a second
covgragp areatfterqses fiap §0%os 7 b omderratsh them 80%ur f ace
(FIGURES 4 or 5) resulting fromconpletion of the
first step using a second shot nedia at a second )
i ntakougl a trprateR REceys de AfspgPedctt Mah be pinderdosdeth ibe thogpeening
is performed for a second period of time in order to
progst £pwld aitidiess mogthed Ve agparasg eeenimphastigiot Foredkpmplesa three-step,
preferably cast steel having a second average
fousptzn At trenreratpp Desskstcogldgg e 0Bach stefp @oudd prefaseie ytilize different
(which is smaller than the first average size), and
averdge sizpd wadip byd dfferehtentsesatydeelt ep i s 0. 007-0.0 10A
(measured by Alnen strip). Alternatively, the shot

media is smaller
For softer materials, for example at or below a hardness HRC45, only one shot

peening step action may be necessary. Harder materials, however, benefit from the

performance of two or more shot peening actions as described above.

It will be understood that the cross-sectional surface texture illustrations shown herein
are schematic and exemplary in nature. The illustrated regularity and periodicity of the
dimple shape and location shown in the FIGURES is not necessarily an accurate illustration
of what an actual shot peened surface would look like in cross-section but rather is
representative of the results achieved with the two step process. One skilled in the art will
understand the topologies which result from each of the first and second steps given different

respective first and second periods of time for the peening action.

It is known in the prior art to provide radial and cylindrical bearing system surfaces

having a roughness of 8 to 16 microinches Ra. This would comprise a typical polished
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gl ass bead for softer surfaces such as the inner
cylindrical surface 22 of the first cylindrica
WO pdoet1i4eo bearing 10 on the bushing 24. Pref eredi/ys20091¢37006
peened coverage area resulting fromconpletion of this
second shot peening step is between 60% and 100%
FI GURE 6 1| tes an exenplary inpact pattern with
Attprogy, 8ﬁmf%&%i%%@ﬁion of the second shot peening step
with | ess_than 100% coverage area. FlI GURE 7 )
beafih gufaca pEandard oF Ge8- 10t ROAC Ls lﬁSfaareal%oqf théngospndgdion of the
whi ch has been treated by the second shot peening step
surfag digat@real Piopgys rdetsibe dereiny dpwetespthe slpfrReegdobgsiipg surface of
- FIGURE 4) for a second period of tine necessary to
intesest a7iH hetin $t wwlescalinigh Toedmess \aseaigyehaly @ miFomaigs Ba (see, also,
illustrates, in cross-section, a surface of interest
FIGREh3has been treated by the second shot peening step
(when starting fromthe first step result shown in
FIGURE 5). In this case, the second step has | ess than
100861ereWesT B gew( Bads ooF SIS UP &vingy 1sanstisies aisiatéigcioperaphy
period of tine%. FIGURE 9 illustrates, in '
congipagis s deEterb pirtagessihgtthavebesh prosessedigacegidaspe Wik thsdwa-step shot
treated by the second shot peening step (when starting
pechingrpredass qepqrbed shavp te bavgla susthenwughmess|ocGgr@tes jhan P nugtomches
case, the second step has 100% coverage through
Ra gk ctbt bomingkhafhen the dpfii) shd surfeeonith gewerstnafsutfaqreoughioess of 8
matter what coverage area percentage i s acconplished
to ¥4 tiicréihehes Radpat, bévoing peefhpmhe right nsd pusbfngringx stitfake at kenter).
second shot peening step at a m ni num conpact, as
FIGEROBMI isran kin6ddREusfratisgypsdrarhy cenig@sony eswedth simfackhehat have been
surface texture resulting fromconpletion of the
processed in accordance with the two-step shot peening process described above to have a

surface roughness of greater than 20 microinches Ra (see, the bearing shaft on the left and
bushing inner surface at center) and surfaces with conventional surface roughness of 8 to 16

microinches Ra (see, bearing shaft on the right).

FIGURE 12 is an image illustrating the topography of a regular machined surface

such as would be used in the prior art for a bearing system surface.

FIGURE 13 is an image illustrating the topography of a two-step shot peened surface

as produced in accordance with the description above.

A conventional machined shaft with a conventional machined bushing (see surface of
FIGURE 12), a shot-peened shaft (see surface of FIGURE 13) with a conventional machined
bushing, and a conventional machined shaft with a shot-peened bushing, were tested on a
bearing test rig under the same operating conditions. FIGURES 14 and 15 illustrate results of
that testing and show the beneficial effect surface texting (in general) and two-step shot
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first shot peening step (see FIGURES 4 and 5). This
Wll result in an inproved surfaceAttorney Docket
w@e®8A7203 1 texturing finish wherein the posBCTUE1009/037006
of nmetal -to-nmetal contact in the bearing systemis
reduced. It is preferred that foll ow ng conpl etion of
t he shaqt ni reatment (both or nore steps) of the
A“@%?¥§8@@655§h423%» t hat substantially 100% cover age
area, for conbi ned fjrst second ste surface
Peepng A HRHHCURT H BiCRTSR I?CﬁgW@bq@cm?Cééﬁeéﬁscr BYe h*lsrﬂélr e friction
are advantages to. coverage areas of greater than 60%
coetifrigy 9y theyednige BeArBE SYHER Cotfoguratiops oﬂ&rﬁxgt@%%@% ﬁmaﬂ dimples
process is described, it will be understood that the
of §1¢opr06@@ﬁ|w§a@r tsewEs censiates Dirdrpdypamieopresspieantapiliges or reduces
separate peening actions. For exanple, a three-step,
frictignr Acthefh andbushipe sysere pithragegday reashingd faish &xsdnowa dhthe art) is
step woul d preferably utilize different average sized
expoegdi 0 Btk elipPfigrtensperit eendct ypo | thateths  friflgm giofhise pearing system
materials, for exanple at or bel ow a hardness HRC45,
condighptigmehosh gt large eatigtpns thop 2 abotipeenadepath endierdeskiag yystem (two
Harder materials, however, benefit fromthe
imdendntativan dles todted) imwer erniie enisteatimplee pionge act¢ ongvas for grease
descri bed above. It will be understood that the
to boisse slectubbinglsusfbiref.acdednevhilelr the i dréays tcombinahén gheodimples will
herein are schemati c and exenplary in nature. The
gerletatalBide@lly eehit @epddvag fotsypaaite tHeerittoshi couply berfer.t Meerelorgpthe friction
shape and | ocation shown in the FIGURES is not
teniEX0 ®S Bvid dtybl@sr radueed.at e il lustrati on of what an actua
shot peened surface would look like in cross-section
but rather is representative of the results achieved
W tINGURES Wo asd @p dpff@cadys in (Boemataed il whicl the idadtrawd| data is

identified and presented.

Reference is now made to FIGURE 16 which also illustrates the effect shot peening in
accordance with the two-step process described above has on the friction coefficient in these
three bearing configurations. FIGURE 16 illustrates the same information as presented in
FIGURES 14 and 15, but the presentation is made in a different way. The FIGURE 16
illustration loses some information shown in FIGURES 14-15 concerning friction variation in
the regular head and bushing system and its deduction in a shot-peened head and bushing
system. Nonetheless, the frictional benefits of the surface textured finishes for the bearing

system as described herein are evident.

In summary, a surface textured head bearing is presented for use in a rock bit. Tiny
dimples are created by a two-step shot peening process on one or more surfaces of interest in

connection with the bearing system (for example, in the main journal bearing). The dimples
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understand the topol ogi es which result from each of
the first and second steps given different respective
WO poogti14Ie@l second periods of tinme for the peenP@yUus2009/037006
action. It is known in the prior art to provide radi al
and cylindrical bearing systemsurfaces having a
roughness._ of 16 m croinches Ra. This woul d
A“@&ﬂ%BP@@t§£%§%?@§| pol i shedAtt orney Docket 368614-203
1 bearjng surface of standard use (see, also, FlGJRE
of Fisujom istriuReRgAdnog bt UEhHF deTh (Oa?r thpyirkgs Pg@@rest (at least
JLreatment process descri bed herein, however, the
60/§ﬁ6‘fe-r%£€é‘ﬁf‘é‘8 AKERPTK Y FSEVPIACI constiapy mpredbrigantiin figyparfage contact
surface finish roughness greater than 20 nicroinches =
zonRg Hledsedynamigopresspigurgencsytcd Retherdifple arep #gviherderringdfriction is
FIGURE 10 which is an image illustrating topography
reduesdp pirepasdipgly lechragng Wg%ég copditiothis ypieEXh processed
in accordance with the two-step shot peening process
descri bed above to have a surface roughness of greater
t halkeforongsiie P HeHet IRSURTE whigl illystEtesigpastidly toreksn piay view
left) and surfaces with conventional surface roughness
of gyrollgr qope 1@k witayhsh wesraneRy a(fgmmtione Rptipgyonskaipn obthebieforces F
ri ght and bushing inner surface at center). FIGJRE 11
arcjcsertpd thnengfethp cnttisg elampre of epo ghphs/jovowb dlowseyas it will be noted
bet ween surfaces that have been processed in
thatthe dordesrare exdrteth ontoer loading ree Ehint bpaegnswtpcpmbebgs smaller than
descri bed above to have a surface roughness of greater
thetowamll 2@cumfercoiisl chidge R of sedpld, e loshng nge sivafdompnisd drdy one-
| eft and bushing inner surface at center) and surfaces
quantet ab@o 0B pf tho natunsfeirchidd eurfaseighthe bsarinf. 8 to 16
m croi nches Ra (see, bearing shaft on the right).
FIGURE 12 is an image illustrating the topography of a
r egréferengras how edds tor FIGURE 18 which illustrates a cross-section taken through

the journal bearing (for example, through the first cylindrical friction bearing 10 or main
journal bearing) perpendicular to the axis 141 of cone rotation. The reference arrows A-A in
FIGURE 17 illustrate generally the angle of the view, but do not specifically identify where
the cross-section was taken. It will be seen that the loading zone is approximately one-
quarter (about 90°) of the circumferential surface of the bearing surface (journal surface for
the main bearing). The forces F from engaging the formation (FIGURE 17) are exerted on
the bearing surface primarily (if not exclusively) in this area. It is accordingly this loading

zone of the bearing surface which needs to be protected against friction damage.

In one embodiment, it is only this loading zone of the bearing surface which receives
the surface texturing previously described. Thus, the surface of the bearing in the region of
the arc identified as loading zone would receive texturing while the remaining surfaces would

receive no texturing. It will accordingly be noted that this illustrates a different form of
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such as would be used in the prior art for a bearing
system surface. FIGURE 13 is an image illustrating the
wo opogr4aphy of a two-step shot peened surface BGI/US2009/037006
produced in accordance with the description above. A
conventional machi ned shaft with a conventiona

nmac hj (see surface of FIGURE 12), a

A“@ﬁ%¥b é@ﬁgg%é%ggp(see surface of FIGURE 13) with a
conventi onal mac bushi n and conventi ona

COVTEIER ‘@D FratEe at“ht t &E‘ gseﬁré’HlOB ‘ér??‘?ﬂ@me‘i\e rPVeRgE gfFa in

on a bearlng test rig under the sanme operat.i

conggiignt Widh &S ppeiomeation Wb be geferred e r"‘%\t“éterﬁé%ﬂg tegvegrge of the
that testing and show t he beneficial effect surface

beagigg tsppfgre( 3 if@n‘é?%b? caprgssedhan deg Fh PAcergtey IDYEk 6tse. the
368614- 203 peening (in particular) in accordance

perggntdge { foe emm%@:@bmm ég‘t‘orfpb@é oabavastchisfaghcqvieeage pxagploprovided)
coefficient in these three bearing system

refgpiofthgpertien ofithe suthaee whick raspives avfy forveofderintinggverpisdle pyftion of
the produced surface texture generates hydrodynam c

the gnisaps whesh redeadss ho eawiriog atraflduces friction. A shaft and
bushi ng systemw th a regul ar machined finish (as
known in the art) is exposed to nore
as pRefpreyeet &- agpempdoy to FACHBE $9 wikelt iluseratey jtleg ibegrirignsurface,
this bearing system configuration shows a |arge

unwigpiedt from.pofo 0 ta psinot o dened BsB ahawmamdf I6URFUEHi Wgthin the load
system (two inplenentations illustrated), however, the

zo@ (cgla- Ichindpide o f phoowivareppwd rserfaees gharoiiy profided guréas eextwing of an
| ubricate the rubbing surfaces. Meanwhil e, the grease

intgnmitteai mawei Mstdieushcdpbes, ¥l bf thgendicatie thyydad dyrearah de surface
pressure to separate the friction couple better.

textlirelr i@fthe enanitdn @edcribed h@eint GMAEREO] So@eciticlysitladnlaes @n alternative
reduced. FIGURES 14 and 15 differ only in the nmanner

fort dfintatmitént tshdack ltdxusincat@ed dtah@e iditinct and separated surface textured
regions can be provided within the load zone on the bearing surface. Each of these regions
can be formed using the surface texturing techniques described herein. The regions may take
the form of strips, as shown in FIGURE 19, which extend parallel to the axis of cone rotation.
Even further, these strips can be aligned with the locations where forces F are being exerted
against the journal bearing. The circumferential area to the left of the unwrapped surface
receives no surface texturing treatment at all. Furthermore, areas of the surface between the
regions receive no surface texturing treatment at all. Again, as discussed above, coverage
area in connection with this implementation (intermittent coverage of the bearing surface) is
expressed in terms of a percentage. In this case, the percentage (for example, about 12-15%
for the textured regions within the one-quarter surface loading zone example provided) refers
to the portion of the surface which receives any form of texturing, versus the portion of the

surface which receives no texturing at all.
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identified and presented. Reference is now nmade to
FI GURE 16 which also illustrates the effect shot

wW@emniing26 n accordance with the two-step proceBGI/US2009/037006

descri bed above has on the friction coefficient in
these three bearing configurations. FlGURE 16

illustrat ane information as presented in
A“@P@U&%§fi§%?i%8qg, but the presentation is made in a
different way, The FIGURE 16 illustration | oses sone
i nfioPhRdPeRs Shdbn lerﬁnthng%REsbefa-d%scr@s% @B Aiprgarer %%n The
o variation in the regular head and bushing system and
inveRtion deRfh Efitgthto the disdpise epbelignthead and bushi ng
system Nonetheless, the frictional benefits of the
surface textured finishes for the bearing system as
descri bed herein are evident. In summary, a surface
textured head bearing is presented for use in a rock
bit. Tiny dinples are created by a two-step shot
peeni ng process on one or nore surfaces of interest in
connection with the bearing system (for exanple, in
the main journal bearing). The dinpl esAttorney Docket
368614-203 1 of random di stribution and non-uniform
size are fornmed over the surface of interest (at |east
60% coverage area) and work as reservoirs to constrain
nore lubricant in the surface contact zone.
Hydr odynami c pressure is generated in the dinple area
and the bearing friction is reduced. Correspondi ngly,
the bearing working condition is inproved. Reference
is now made to FIGURE 17 which illustrates a partially
broken away view of a roller cone rock bit when
operating in a formation. During operation of the bit,
forces F are exerted through the cutting el enents of
cone onto the journal. However, it will be noted
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that the forces are exerted onto a | oading zone of the

bearing surface which is smaller than the overal
w@reeanf7er enti al surface. For exanple, the | oaREHGS20Me37006

may conprise only onequarter (about 90) of the

circunferential surface of the bearing. Reference is

now e E 18 which illustrates a
AW%V%%EPg@&%ﬁﬁﬁL en through the journal bearing (for

t hro gh the first cylindrical friction

e
““B%BﬂfﬁbAﬁﬂEBr mai n journal bearing) perpendicular to
the axis 141 of cone rotation. The reference arrows

FI GURE. 17 il | ustrat th | f th
05 S "ot TEDOABE St R B S et ey e B G ising

cross section mas taken. It will be seen that the

| oadi ng zone . s T O i mat one uarter 0) o .
t neer Rk FAREEY, P b AR o M52 e s
rnal .surface for the nai ear forces F
borpbeg OB 5T TS RECT P SR, ER G4 ot Bt Rtee dp
t he bearlng surface primarily (if not echu3|ver) |n
this area ccor
bea%pﬂS@n%@Pfﬂgréaece R edstostisd jEe @&%aaeegalg Atgn Khercin
0 nmb.odj
thewagaﬁerfa 5 BoGRUREE it RGeS s el ras et of
urface texturing previously described. Thus, the
S“@ TEPE° 8ft he bearing in the region of the arc
|dent|f|ed as | oadi ng zone woul d receive texturing
|n|n rfaces woul d.receij
i e R R Or D 5 S i fea Tt pduced from the
|Ilustra S a di fferent form of Attorney Docket
firss WEAIR. 1593 1 coverage area percentage than that which
was preV|oust expl ai ned. vaerage area in connection

ith thi t b f d t
it ' e RhUarag Bl BESHOR Sirriead Bslsghan the

al so expressed in terns of a percentage. In this
ﬁrs&%@éagetsﬁe
4, The method of claim 1 wherein the second intensity level is reduced from the

first intensity level and wherein the second average size is smaller than the first average size.

5. The method of claim 1 further comprising exposing the surface of interest to

one or more additional shot peening actions.

6. The method of claim 1 wherein the first shot peening action surface textures

between 60-100% of the surface of interest.

7. The method of claim 6 wherein the second shot peening action surface

textures between 60-100% of the surface of interest.
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percentage (for exanple, about 25%for the one-quarter

surface coverage exanple provided) refers to the
weoiot2of the surface which receives any forp@DiS2009/037006

texturing, versus the portion of the surface which

receives no texturing at all. Reference is now nade to
A»FIGU E 19 &Qi%EQ'IIustrates the bearing surface,

HORG Bﬂ@ 16 %bint 0 to point 1 of the arc B-B

shomn in FIGU 18.. Wthin the | oad zo (right h

si de of HhReng %ﬁ%ﬁ@&l duhesgd pacly Wg?lé fnf%? aﬁ‘udo%g‘/‘ Ot peening

surface texturlﬁg an intermttent nature. As
actignsieeigx o V) af the gyrfach af wigFdhce in the | oad zone

can be surface textured in the manner descri bed

herein. FIGU 9 specifically |Ilustrat

aI t%r naﬂheéﬂ% BRIt ok Rt e fllow et e ?%t@sthfrtbmecond shot

more di stinct and separated surface textur

peqn@@.asﬁl@ é%AO(b/e opthsidrcs Owr%qﬁ%hh%swgerr Gayresoyie ralﬁdomhé sized and

bearlng surface. Each of these regions can be forned
distiptedy dipdessur f ace t ext uring techni ques descri bed

herein. The regions nay take the formof strips, as

shown in FIGJRE 19, which extendjparallel to the axis

of Wone Themathodpf clajrad Whergimde, supfieesed iterestys oply @ neition of an

aligned with the |ocations where forces F are being
ovegalbyurtaer wljel eratainsibe Suslassefiintedstr i ng. The

circunferential area to the left of the unw apped

surface receives no surface texturing treatnent at

all. Furthernore, areas of the surface between the

regions receive no surface texturing treatnent at all

Agai n, as di scussed above, coverage area in connection

with this inplenentation (intermttent coverage of the

bearing surface) is expressed in terns of a

percentage. In this case, the percentage (for exanple,

about 12-15%for the textured regions within the

one-quarter surface | oading zone exanpl e provided)

refers

22



to the portion of the surface which receives any form
of texturing, versus the portion of the surface which

WO 2@ei1se0 no texturing at all.Attorney Docket PCT/US2009/037006
368614- 203 1 Enbodi nents of the invention have been
described and illustrated above. The invention is not

A limte tgst? |.scl osed enbodi nents. Attorney Docket
epey Pacsh 8P IS CLAIMED IS 1. A nethod for

surface texturing syrfaces of a hearing system
conHrisV%ﬁ@t8@56%Pﬁ§n%ag%ﬁPﬁfémB?“?$terest to a first

shot peening action wherein the surface is bonbarded

at first. intensity level by first.smal] spherica
nedﬁ%E{mB% aJOppSRean e SRS ih%%?g érP&aré‘igpﬁﬁeﬂ‘gglfmﬂgmg at least one
surface of interest to a subsequent second shot
b“ﬁ@%ﬁ?ﬁﬁﬁé%ﬂion wherein the surface is bonbarded at a
second intensity |level by second snall spherical nedia
of a second .average size. 2.. The nethod. of claim1l
whet'erf {eﬁ‘é‘“g%c?bi S hariontsf tP%@S‘I‘rlﬁgsS“Fféﬁ%B i R mEstem,
first intensity level. 3. The method of claim1l
WhelRig SEHRFe{ g COMANSer age size is smaller than the
first average size. 4. The nmethod of claim1l wherein

the second intensity level .is.reduced fromthe first )
nCene! IR dietnn Sy B pefie SEBERA aoBhE Bt Grbity gction

smal)er fthan the first average siz . The t hod of..
wherpig;t aurf@&? Pr?@m%eféﬁ%?ti (S 'lrﬁfgmls?ﬁwslﬁwg by %é“ S g@sﬂff? media of 2
interest to one or nore additional shot peening
ﬁrsé%\tera(gﬁ 8ize; and

exposing the portion of the bearing surface a subsequent second shot peening
action wherein the surface is bombarded at a second intensity level by second small spherical

media of a second average size.

12. The method of claim 11 wherein the bearing surface is a thrust surface, for

example of the radial kind.

13. The method of claim 11 wherein the bearing surface is a journal surface, for

example of the cylindrical kind.

14.  The method of claim 11 wherein the journal bearing structure includes a
bearing bushing and the portion of the bearing surface is one of an inside or outside surface

of the bushing.

15. The method of claim 11 wherein the journal bearing structure includes a

bearing shaft and the bearing surface is an outer surface of the shaft.
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6. The nethod of claiml1l wherein the first shot

peeni ng action surface textures between 60-100% of the
waepacE2of interest. 7. The method of cl ai m 6PEITESM®091037006

the second shot peening action surface textures

bet ween 60-100% of the surface of interest.Attorney

Docket 36 1 8 The nmethod of claim1l wherein
A“@Q@hg @mfﬁg%ttﬁgﬁ'and second shot peening actions

surface t exture OO@bof the surface of interest

The lvet HOQ BFthey nflimrmlér ST BNRY Eolp étarnoﬁn gtverall

e second shot peening action, 60-100% of the surface

C“Qﬁnﬁ”ﬁpgt@%@C%§§ﬂﬁé@ﬁnﬁa%tHﬁed with randomy sized and

distributed dinples. 10. The nethod of cIarntl wherein

t he surface of rest is anly a portion of

ovelal | D shefR Gotkess R Mty ol peing portion of the

interest. Attorney Docket 368614-203 1 11. A nethod for
beapigg PyfaRg a drill bit, conprising: forning a journa

beari ng structure haV|ng a bearing systenrincluding at

| east on n rf surface textur at. |

| ealt 7@% FF égmﬁarrwgegutrae@muretﬁe Hﬁﬁ&mson

system mhereln surface texturing conprises: exposing
ﬂwﬁﬁ%“EéPtWﬁn of the bearing surface to a first shot

peenlng action mhereln the surface |s bonbarded at a

first ensi t first small erjca
of Y ?Jip a Zlg wléqlmn the portion 1s oacl bearlng portlon of the

bearing surface and the strips align with load forces applied against the bearing surface.
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exposi ng the portion of the bearing surface a

subsequent second shot peening action wherein the
waenobacE20 s bonbarded at a second intensity | eR&l/URI009/037006

second smal |l spherical nmedia of a second average size.

12. The method of claim 11 wherein the bearing surface

is athru rface, for exanple of the radial kind.
A“T§Qy?ﬂa‘h%%ﬁz%2 claim 11 wherein the bearing surface
j our surfac f.or Ie of the lLindrica
i i 1 Qeﬂﬁl@% SR fpr ariownaltsmerot dHeriebin e fj ‘%ﬁ?rlﬂ%\ﬁurface
earjng structure includes a bearing bushjn ] ]
thfsmtth%ﬁeaaflg PHECpbay 3 ﬁgfagw%%%ccr@r@%%? Plé}Ff‘ i Yn%ﬁ fa@plﬁﬁ which
out si de surface of the bushing. 15. The nethod of
cover &fileastio0o gftbe &irface pfdnfetstir nal bearing structure
i ncl udes a bearing shaft and the bearing surface is an

outer surface of the shaft. Attorney Docket 368614-203

1 18 THdeRptingaysem ef oal?lﬁa%wh%%f@lwwﬁ%cod@rrh%%n 78-90% of

| ess than an overall circunferential surface for the
thely@#aceng surface. 17. The nethod of claim 16 wherein

the portion is a | oad bearing portion of the bearing

surface. 18. The nethqod of claim 16 wherein t .

por#% on The heringsustem f elpig 29 yhegein dherdipaley ﬁo‘ieh @Jbﬁté%\tﬁ“ﬁdoo %o

surface. 19. The nethod of claim 18 wherein the

of thetwfash is a | oad bearing portion of the

23. The bearing system of claim 20 wherein the plurality of dimples are formed by
shot peening in a two step process including a first shot peening action wherein the surface is
bombarded at a first intensity level by first small spherical media of a first average size and a
subsequent second shot peening action wherein the surface is bombarded at a second

intensity level by second small spherical media of a second average size.

24, The system of claim 23 wherein the first shot peening action surface textures

between 60-100% of the surface of interest.

25. The system of claim 23 wherein the second shot peening action surface

textures between 60-100% of the surface of interest.

26. The system of claim 23 wherein each of the first and second shot peening

actions surface textures 100% of the surface of interest.

27. The system of claim 20 wherein the bearing surface is a thrust surface for

example of the radial kind.
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bearing surface and the strips align with | oad forces

appl i ed agai nst the bearing surface. Attorney Docket
w@e®81147203 1 20. A bearing system for a jour nedT/US2009/037006

bearing of a rock bit having a bearing surface,

wherein the bearing surface has a surface texture

(of0) i sed, of urality of dinples which cover at
Aﬂ@%@@@ %@@@g% ?ﬁ@i surface of interest. 21. The bearing

system of claim reln the di npl es cover bet

70-80% of fhetsﬁﬁe%ﬁgf%’é Oz’ﬁler%&lebt@gﬁ?%@r & Pefoyma putfegs for

20 wherein the dinples cover substantially 100% of the

exagiple of te cydindricghignhear i ng system of clai m 20 wherein
the plurality of dinples are formed by shot peening in

a tmo st roce i hcl udi n irs eenin )
action IHEr SR, W‘zc lai} L8 gharen Bé%mwigve%rf Stmcrl%% includes a
|ntenS|ty | evel by first smal|l spherical, nedi

bearipg Spshizend e b§%rzv§ sHFereds Qs egy u@ﬁl? 0g %%%Sl%%t Hnd bushing.
peeni ng action wherein the surface is bonbarded at a

second intensity | evel y second snal heri cal nedi
f ¥ se%&ya@@r%%@a@  Whggein ?%J%&%? Rgfg g ludes a
mhereln the first shot peening action surface textures
beapiag padring thegeronsotripgrds supytecrfese of Heapadst . 25. The
system of claim23 wherein the second shot peening
action surface textures between 60-100% of the surface
of interest. 26. The system of claim 23 wherein each
of the first and second shot peening actions surface
textures 100% of the surface of interest.
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27. The system of claim 20 wherein the bearing surface
is a thrust surface for exanple of the radia
wheewd1A7er ney Docket 368614-203 1 28. The syse@nU8f009/037006
cl ai m 20 wherein the bearing surface is a journa
surface for exanple of the cylindrical kind. 29. The
m of _ ¢l ai O wherein the journal bearing
A“@%?% Pﬁ?&‘%ﬁ@? s a bearing bushing and the bearing
surface | one of an inside or outside surface of the
busﬂi ng.”* BYING AV Ky @rpyal beaing J¢ rﬁﬂ%rléflwnf%beaﬂng surface,
our nal bearing structure i ncl udes. a_bearing shaft and
Wh?fﬁ’é‘ thehearing swiice feea putagp teesar%fm@msrdae%a piurafifeof dlmples which
shaft. Attorney Docket 368614-203 1 31. A bearing
proyids tidpAnFiient Oy HRACHAIOND @& MO 'AGFONg CRSERE Hes ﬂrra\ﬂlln@f te bearing
bearing surface, wherein the bearing surface has a
surfage-f ace texture conprised of a plurality of dinples
whi ch provide intermttent coverage in one or nore
regi ons covering less than all of the bearing surface.
32.32The THE&FITHG Sy OhcIm 81 Aihaicd the paRPrenprotpRoRy eV rabout
nore regi ons cover about 25% of the surface. 33. The
25% ehhienyiapgst em of claim 31 wherein the plurality of
dinples are fornmed by shot peening in a two step
process including a first shot peening action wherei
t heXdsur flagdcargeppiitapbetimat! whorsip St ilielensf dippicege) fors@,ed by
first small spherical nedia of a first average size ,
shoh pepnEIgdw b $we)sremprogest BxtndBg siirpsbefi nsgiag tqtion petheysurface is
the surface is bonbarded at a second intensity | evel
borpliardaed cad a dirss fragusitys kel by dast smel ispheofal anodimcd ndirshpeeragpesize and a
si ze.
subsequent second shot peening action wherein the surface is bombarded at a second

intensity level by second small spherical media of a second average size.

34. The system of claim 33 wherein the first shot peening action surface textures

between 60-100% of the region.

35.  The system of claim 33 wherein the second shot peening action surface

textures between 60-100% of the region.

36.  The system of claim 33 wherein each of the first and second shot peening

actions surface textures 100% of the region.

37. The system of claim 31 wherein the bearing surface is a thrust surface for

example of the radial kind.

38. The system of claim 31 wherein the bearing surface is a journal surface for

example of the cylindrical kind.
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34. The systemof claim 33 wherein the first shot

peeni ng action surface textures between 60-100% of the
WO 2@oom7285. The system of claim 33 wherei n t heCHESNY037006

shot peening action surface textures between 60-100%

of the region. 36. The system of claim 33 wherein each

of the first second shot peening actions surface
A“@%§¥§P@?t%§@@ig&3 he region. 37. The systemof claim3

1 wherein the bearin, rface is a thrust surface for
exaipl e T&F PHEM %{% la'%* féﬁ’nvaher%%t erm“%a}iﬁ@fﬂgofmmuaﬁf moéldes a

1 wherein the bearln%_surface is a journal surface fo
beaélse&hbﬁhélg&fl thederng subrgednapnadat ag inatde oF pyidpnitees of the bushing.
368614-203 1 39. The systemof claim3 1 wherein the

journal bearin ructure includes a bearing bushing
and*® he Tg‘@aﬁé’ﬁtﬁ% %{J?lﬂ%éll‘gheé‘ﬂ% t%ﬁr I3 ﬁ??ﬁ‘i’é $RCBR S a

surface of the bus systemof claim3 1
beajifyg phaftang fhe Hew%farfa%w ‘P}@er§t1rrf%i~‘€tot§ the shife| udes a
beari ng shaft and the bearing surface is an outer

surface of the shaft. 41, The system of ¢
‘Ileu n t'heSrEG Flain & oW Feﬁ%}ﬂ %‘ﬁ G al BT than an overal
, C|rcunferent|al surface for the bearing surface. 42.
cirepfpferential gifags 108 hgibRIUNSPURSr ein the region is a | oad
bearlng portion of the bearing surface. 43. The system

4 1 mhere the region conpr.is lLural i
;ﬂhe System of ¢ a?m 41 wher¢in the reglng s a ?oada\oegrmg port101¥ of the

bearing surface.

43. The system of claim 41 wherein the region comprises a plurality of strips on

the bearing surface.

44. The system of claim 43 wherein the portion is a load bearing portion of the

bearing surface and the strips align with load forces applied against the bearing surface.
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t he bearing surface. 44. The system of claim 43

wherein the portion is a |oad bearing portion of the
wheapiing2eur f ace and the strips align wth | oaRCTOR208%037006

appl i ed agai nst the bearing surface. Attorney Docket

368614-203 1 45. A bearing systemfor a journa

bearing o bit, conprising: a shaft including a
AW@%%YPH@Q&&ﬁ%&%g&Qnd a bearing surface; a bushing; a

roIIer cone havin annul | and and whi ch receives

t he™busK PGringwste fod fr & EDPaBRe plhiac s BUHEHIRg are

rotatably nounted to the shaft such that the bushing

aligns,.w t he beari surface. and _.the gl and aligns

o e e S e i BTRE e Ul east one. of

1) the bearing surface on the shaft or 2) an inner

surfacg of the bushing has a surface texture including

a pt ﬂP Pty of dinples; wherein, either: a) the

di mpl es cover nore than 60% of the surface or b) the

| rloﬁg’r he Va{vgne r]tnu mlgrgcf;“ a0 whic errca}e ¢ thegmshlhe beari ng

system o 'fl in 45 WAeT &l N, “fora h %8s cover

bet ween 70 90@6of the surface. 47. The bearlng system

of ¥ e%l W&ec%g c}{nghm%)are éolfh?a (ij}; ﬁig{u%%{:ootég shaft such that the

subs e-surface.
bus%}’{lSt gr]ls%lgl %aiﬁ)e@ﬁlﬁfg sureagc% i‘?rhc{]the glgn(f) {11\%19 l)vétfl ¥he seahné rrItl)rface and

includlng a fIrSt shot peeni ng action mhereln the
S ur\t\/ﬁe(fgn htleast one of 1) the bearing surface on the shaft or 2) an inner surface of the

bushing has a surface texture including a plurality of dimples;

wherein, either: a) the dimples cover more than 60% of the surface or b) the dimples

provide intermittent coverage.

46. The bearing system of claim 45 wherein, for a), the dimples cover between 70-

90% of the surface.

47. The bearing system of claim 45 wherein, for a), the dimples cover

substantially 100% of the surface.

48. The bearing system of claim 45 wherein the plurality of dimples are formed by
shot peening in a two step process including a first shot peening action wherein the surface is
bombarded at a first intensity level by first small spherical media of a first average size and a
subsequent second shot peening action wherein the surface is bombarded at a second

intensity level by second small spherical media of a second average size.
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bonbarded at a first intensity level by first small
spherical nedia of a first average size and a
waawgarent second shot peening action wherei NnPETES2009/037006
surface i s bonbarded at a second intensity |evel by
second smal |l spherical nedia of a second average
size Atto ket 368614-203 1 50. The system of
A“%V%Xﬁpﬁﬁt%ﬁgiﬁgﬁﬁ’for b), the intermittent coverage is
provi ded _on a region which js_less than an overall, )
i r it A AvIie SEeRImAR “Peseiny fs Bh b IHEME TP o gragsig provided
The system of c¢laim45 wherein, for b), the ]
on # FReiThighah {est o pmgyeralleimgpmipradsl syracs Fogs Berring swkcs s
a |l oad bearing portion of the bearing surface. 52. The
systemof claimb 1 wherein, for b), the intermttent |
covdrage hF§YS;5%\9? eatn &h VaCTFRg % ﬂ?%vﬁfaﬁi EHREipY oy gaegis provided
plurality of strips on the bearing surface. 53. The
on g {refoayiiéh ig p dpamhbepingmertion of thedeprigishiaces a | oad
bearing portion of the bearing surface and the strips

align with | oad forces applije aj nst the bearing. :
sur¥ace The system of claim 31 w%grefn, gor %();, tile 1Sntermp[tent coveragegls provided

on a region which comprises a plurality of strips on the bearing surface.

53. The system of claim 52 wherein the region is a load bearing portion of the

bearing surface and the strips align with load forces applied against the bearing surface.
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