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TECHNICAL FIELD OF THE INVENTION

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). This bearing is lubricated and sealed. An outer circumference of the
seal is compressed by a gland of the cone so that the seal moves together with the cone and
slides against the head (at a sealing surface or seal boss) on the inner circumference of the

seal. The seal is thus confined in the seal gland to secure the lubricant within the bearing and
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fromthe bearing, the Ionger the bearing life.

Therefore, the seal can becone the limter of the rock
Whraool114787 An el astoner seal is known in the pp¢DDS209/037029

as the dom nant sealing elenent in rock bits. Various

types of el astoner seals have been devel oped. The sea

is very flexible, and is conpatible with the drilling

mud. The seal has excellent resilience at relatively

hi gh tenperatures. Thus, the seal has proved to be

suff|C|ent to provide enough sealing force to separate .
byl JFATH i HBBIE e fhs hleaﬂ%thef fogaTtthesqalipici tdgneongpeipation

an acceptabl e period of tinme wever, friction
fropdherbearing Hae g@&?f thp Beasing fhéfzz eEheé#Olteht%lewéwa@ pegeEedhe timier of

cone rotates can cause damage to the seal itself. Over
thegrogkebit lifpj s damage accunul ates to the point where the

seal itself fails. Followi ng seal failure, the bearing

experiences grease starvation in the contact zone due

t o Ppslestgmer ifblr IS kaAYN ihthe pEohEAps Hig dopdraghgealing element in rock

Thereafter, excessive wear appears on the bearin
bitss \ariohs 0 efcdastomse seely haprbgen gV AeRgdh ke Faabis vaty sf%félbéﬁ/ and is

sliding friction. The end result is typically scorlng '
compagipkei vigh thadriBipgnmedt aker wphhes exoellent gctilidoee galrelpingly high

or seizure. It is thus inperative that |ubrication be
tempetagiirgye dl yat the el bomracyd tp e enfiiaicat wurdadesnovgh sdabing force to

journal bearing. Maintaining seal life is thus
seperraict the audt andndebns anvifongretti froth jthie lubGrent wagr dnoacesqttabha period of
seal life is to reduce the friction between seal and

timhead. Under typical running conditions, the sea

experiences mxed lubrication. In this lubrication

reginme, nore lubricant is necessary at the contact

poi howdyet, iegntbhevese die sarldind werfapes oibthe saf glahéd agihamdne rotates
can cause damage to the seal itself. Over time, this damage accumulates to the point where
the seal itself fails. Following seal failure, the bearing experiences grease starvation in the
contact zone due to loss of lubricant in the bearing system. Thereafter, excessive wear
appears on the bearing system surfaces due to shearing and heating caused by sliding friction.
The end result is typically scoring, scuffing, and even catastrophic failure like galling or

seizure. It is thus imperative that lubrication be retained between contact interface surfaces

of the journal bearing. Maintaining seal life is thus critical to maintaining bit life.

One way to extend secal life is to reduce the friction between seal and head. Under
typical running conditions, the seal experiences mixed lubrication. In this lubrication regime,
more lubricant is necessary at the contact point between the seal and one or more of the gland
surfaces in order to reduce the friction. Thus, there is a need in the art to introduce more

lubricant in the sealing zone.



surfaces in order to reduce the friction. Thus, there
is aneed inthe art to introduce nore lubricant in

w0 b@geaB’ ng zone. Reference is nade to Fl GURE BCTHIE2909/037029
illustrates a partially broken away view of a typica
roller cone rock bit. FIGURE 1 nore specifically
illustrates one head and cone assenbly. The genera
configuration and operation of such a bit is well
known to those skilled in the art. The head 1 of the
bi t |ncludes t he bearing shaft 2. A cuttin ne 315
r ot 3&Teisnss 1Haes F%]F]@J%pﬂ%“ﬂ]éc}lb‘ wyitaley adpgidl yg q%ﬁl? gyjay view of a
functions as a journal. A body portion of the bit

typicak rllgi songnroglp Her Elﬁ%édn%rsw%ﬂcaﬁlwr%m@tea opgdpad and cone
joint connection 4 which facilitates connection of the

assgypllyt olhg generel capfigpmaton mest orgrasian)of sach g it is aygllokpown to those
system6 is included to provide lubrication to, and

skidestinithe artubri cant 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
skiTheelpafld ethie ditt inclndes th bparine shafari ng @WHgeGeBC drig rotatably
provi ded in connection with the journal bearing

posstignpd P ithigbrappg thadin2 ehichHenctioneasa absinl. tﬁhbocl’.Yemﬁmgof the bit
shaft 2. These bearing systens include a first

inclylés it ruppel thfeailash pertio deimiingy a1Qo) idigfocanadasion et wihishagcilitates
the main journal bearing herein), ball bearings 12,

comegnhidid binde rakill ftring (nobshdverr iAndubtidationi systemré@adi iatluded to
friction (thrust) bearing 16 and second radia

profide ditbrioatioptthirans trdtaib dbricay il 8he jBlrGUREEa2ng Betwish izt @se & and the
partially broken away view of FIGJURE 1 show ng the

bednieg khafig. SHit¢ @sicanthseadonfighrativmtagdopératipmeadidnodatt@ibose skilled
The first cylindrical friction bearing 10 is

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
bearings 12, second cylindrical friction bearing 14, first radial friction (thrust) bearing 16 and

second radial friction (thrust) bearing 18.

FIGURE 2 illustrates a partially broken away view of FIGURE 1 showing the bearing
system and sealing system in greater detail. The first cylindrical friction bearing 10 is
defined by an outer cylindrical surface 20 on the bearing shaft 2 and an inner cylindrical
surface 22 of a bushing 24 which has been press fit into the cone 3. This bushing 24 is a ring-
shaped structure typically 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
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defined by an outer cylindrical surface 20 on the
bearing shaft 2 and an inner cylindrical surface 22 of

w@298hi78y 24 whi ch has been press fit into theECUR®0B037029
This bushing 24 is a ringshaped structure typically
made of beryllium copper, although the use of other
materials is known in 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
cylindrical friction bearing 14 is definedby an outer

by a8, pytigrslingtical trfage &0 b thsrPepiieg thetir 40 aarnger cylingdrgpl gprface 32
i nner cylindrical surface 32 on the cone 3. The outer

on &gl GoRel i cHie Qg feybidrisal susfape 3@ isginyraidhnradially offgtsfegm the outer
fromthe outer cylindrical surface 20. The first

cylindei¢ad surface 20 orheglripdigl figtionsbepang Aeds Befingeé detwiepie the first and
first and second cylindrical friction bearings 10 and

secqipd gyyjingdrida] frigtion bediiags KlantldedyadirgmaditleutiecsriOmg thhearingshaft
and a second radial surface 42 on the cone 3. The

2 agéeowcbndaddial sutfacc 47 on threennerdg T desortijadipe fitctiohdearing 18 is
second cylindrical friction bearing 12 at the axis of

adjaahiathe esvofideylindacat dmaioamdaring 1@eft ithrekishef ratatibn fod theambnabnd is
surface 50 on the bearing shaft 2 and a fourth radi al

defgwgd bp@ahib®radinl suréace 6Heon 3he Matilg shagpeotd 4 outth eadsd aliifacg 52 on
system an o-ring seal 60 is positioned between cutter

theeome3.3 and the bearing shaft 2. A sealing surface, for
exanple, a cylindrical surface seal boss 62, is
provi ded on the bearing shaft. In the illustrated
c onWith uesatdt anthe tdalisg serii, mgo-sing ket 60 prpoviticed boywetieutter cone
seal boss 62 is cylindrical and outwardly radially

3 and fhe dkar(ngyshifhe. tAhiceliipesisfa@l fdrlrearpls i aydin@dbpl surface dchkeboss 62,
outer cylindrical surface 20 of the first friction

is ph@adddg tHdbeatitg shaft] Irbthe Undertst @adgirbtadn, thivesesl@alsuifgee provided
surface (of the seal boss 62 for exanple) could

by ebchidal boRw201sf Saihdridal Bnd 66HRALLY FQlidlijeofei (by] Murthidkness of the
bearing surface, or be inwardly radially offset, if

busﬂﬁ}%iﬂ?@rom the outer cylindrical surface 20 of the first friction bearing 10. It will be
understood that the sealing surface (of the seal boss 62 for example) could exhibit no offset
with respect to the main journal bearing surface, or be inwardly radially offset, if desired.
Additionally, it will be understood that the sealing surface (62) need not be cylindrical but
rather may be conical if desired. An annular groove is formed in the cone 3 to define the seal
gland 64. The groove and sealing surface (seal boss 62) align with each other when the
cutting cone 3 is rotatably positioned on the bearing shaft to define the gland 64 region. The
o-ring seal 60 is compressed between the surface(s) of the gland 64 and the sealing surface
(seal boss 62), and functions to retain lubricant in the bearing area around the bearing systems
and prevents any materials (drilling mud and debris) in the well bore from entering into the

bearing area.



Additionally, it will be understood that the sealing
surface (62) need not be cylindrical but rather may be
w@owasd731 f desired. An annul ar groove is fornedl/us2on$ne37029

cone 3 to define the seal gland 64. The groove and
sealing surface (seal boss 62) align with each other
when the cutting cone 3 is rotatably positioned on the
beari ng shaft to define the gland 64 region. The
o-ring seal 60 is conpressed between the surface(s) of
the gland 64 and the sealing surface (seal boss 62), )
and-Fed iR thedifaripgsysEais FUPRIBEY 3}5 REth] a3Pqrie copdagt ?Wghﬁ%dg(namw
around the bearing systens and prevents any nmaterials .
pregsyis | HybHepnkiscPrarerddB e &yt gvhindrical istipn brsriag 19.¢pgond cylindrical
_entering into the bearing area.lLoad in the bearing
fricgigw hesrings 4% fppoiedied frigjion %ew%sb(eranfi yecebhraddal faiggpn bearing 18
hydrodynam c pressure. Lubricant is provided in the '
betpens the cigpfi edindsigal @ndl opdigerrfoery ubOg hespyiem 6. Lubricant is
cylindrical friction bearing 14, first radial friction
retdperdrii thy bearizenyystsmduyribie ecfiressed serlcd( iohdoglaird ¢y Til®t lubricant not
between the inplicated cylindrical and radial surfaces
only dibmigattdtbe beasing RysGm, butsoqatidiss meswe neldbiigant drethe surfaces of
beari ng system by the conpressed seal 60 in the gl and
the6dal glinato4, aid espacisllynte seaiing shicflorei spelt esthe hveallbear 6hgurface, that
system but also provides a neasure of |ubricant on
assisién sliowiag®s compredied sahb0 ©lstdohlad; thasdliespetalidrexihge, seal
seal ing surface such as the seal boss 62 surface, that
bosa$$ bstescylliidradal Qinfateg at the coptaessed seal 60 to slide
al ong the sealing surface (for exanple, seal boss 62
outer cylindrical surface) as the cone rotates. The
sedlhe saldesledged td ovithsthlsa aigtl paeshirglin poves®iy éillimg applications.
downhol e drilling applications. That high pressure,
Thadtdggh pessund, ttibpethetl @8thon eehidnie@ Mighosaipession fatk aff @hdfeat he gland,
seal in gland, conpresses the seal tightly against the
corftadsedoBs Sedd 2ighthh 8alindbthe Gad tbowhé X NThS lupfieme Rhichrs bReent in the

sealing zone at the seal boss surface provides lubrication to the seal and takes away friction
heat. In the case where the seal is not well lubricated, it slides dry against the seal boss and a
large amount of friction heat is generated. This friction heat is known to be the root cause of
seal failure. It is accordingly desirable to introduce more lubricant underneath the seal, such
as on the seal boss 62 surface (or other sliding gland surface), in order to reduce friction and

carry away heat.

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 of the journal bearing. There is accordingly also a
need to retain lubricant in position trapped between the implicated and opposed cylindrical

and radial surfaces of the bearing system.



sealing zone at the seal boss surface provides
| ubrication to the seal and takes away friction heat.

WO poovhet78ase where the seal is not well | ubri ce€BUS2009/037029
slides dry against the seal boss and a | arge anmount of
friction heat is generated. This friction heat is
known to be the root cause of seal failure. It is
accordingly desirable to introduce nore | ubricant
underneath the seal, such as on the seal boss 62
surface (or other sliding gland surface), in order to
r edREEeRGS 13 g toatha f%lfﬂmg mw%@atlmew -8 Prsent fossii30. 774
for the bearing to experience grease starvation in o

(Ogthgsk78l f'f?é‘éé8géﬁ%baét 19%nead éﬁ“g&éﬁ%() s&ar Phgl 989X e Publication
This can result in scorin ,‘scuffin%, and even

20042a39H g Py ¢l 7% 29M5urraad IR P Wpdiration gV @r208 i 443 @ (Iggc. he2007), the
journal bearing. There is accordingly also a need to

dis¢lesuzds 9f Whish jatediereby mnopeporatdddyy refeegpped bet ween t he
i mpl i cated and opposed cylindrical and radial surfaces
of the bearing system Reference is nmade to the
SUMMABYI ng prior art documents: 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, o )
20057 098 s69itsuehNGy .erepre sapptyn anghdopdte sead| fridde bris Wepired to
~ 2007/ 146276 (Dec. 21, 2007), the disclosures of which
inceepse the papyntjof ddyiseit dhas gam e mafigigadcia thestyrfpmRyontast zones of the
address issues of grease starvation and possible sea
seafing $ygted Iptan jcEo éa intreduoe gndre baeane inth thesprvifage otact zones, the
| ubricant that can be maintained in the surface
surfaohtopegraphyrid shegkalingesy e ((fonerampdy, eqal glomd sumfaedsi wmodifeed in the
i ntroduce nore lubricant into these surface contact
mapendsscribddebelwr. f ace t opogr aphy of the sealing system
(for exanple, seal gland surfaces) is nodified in the

Surface texturing is employed to modify the topography of one or more surfaces
(radial, conical or cylindrical) of the sealing 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 friction and prolonging bit life. These features address deficiencies of the

prior art with respect to the configuration and operation of the sealing surfaces.

In accordance with an embodiment, the surface topography of the sealing system is
modified by surface texturing technology. A surface texture is introduced, preferably on the
seal boss cylindrical surface at the seal location, to the sealing system for the roller cone rock
bit. The surface texturing disclosed herein includes dimples which retain additional lubricant

and are thus helpful to reduce friction at the seal.

Surface texturing as described herein creates specially patterned dimples on one or

more surfaces of the sealing system. With reference once again made to FIGURES 1 and 2,
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manner descri bed bel ow. Surface texturing is enpl oyed
to nodify the topography of one or nore surfaces
w@ e@ditad737 coni cal or cylindrical) of the seal i PGI/EyRDE0R7029
for a rock bit. Innovative nmethods and apparatus are
described with respect to certain features of surface
texturing and its beneficial effect on reducing
friction and prolonging bit life. These features
address deficiencies of the prior art with respect to
the c nflguratlon and operation of the sealin
the JEYIRE SUTACF 1 D ST BB AL H5 A BH B FRARIm %&escrlbed herein
surface topography of the sealing systemis nodifi
is pgferably fthgcwak Rogy ﬁ‘H&C? el Al P yydeTstoady hevegyar, f@&ﬁ%neédm& on the
I ntroduced, preferably on the seal boss cylindrical
confighiefiencofipe gﬁéd §bene |06 8Wrq gher spgagen éSSQ@&tP‘X wéth soBnipgrthe gland
for the roller cone rock bit. The surface texturing
anddpeyepresig the seal H0i goaldubiys wswﬁtp@éemmingr%rwm rthus, any desired
addi tional |ubricant and are thus hel pful to reduce
surfap¢, andlehngdylindréicak eaical Sud fadipbsurtagesuef thg glasd ofesres fopdi sealing
herein creates specially patterned di nples on one or
systeor euslpdsses swfact keatusieal Hurthers gt @mbindfiomhof teftarcd nadaces, with
once again made to FIGURES 1 and 2,the textured
untsxtnicdeefaces, tiag bseatl imt)e sgadih@sgsiem. accor dance with
enbodi ments described herein is preferably the seal
boss 62 surface. It will be understood, however, that
depbBndidragys osuct hégreonbiaguatiant ammlposdible hearigh dnbirG 4 ,is dsedasired to
nore ot her surfaces associated with defining the gland
incead thorpoasif griche tseahn 60 meowditkdhavie surfkor E@cet zones of the
texturing as well. Thus, any desired surface,
beairing kysehinn glncayil ciffioctitd dadoduceamire &lbrieand int@dicsd susfied @wamst, zoats, the
the gland 64 area for the sealing systemcould possess
surfacs Usfoataphy eXtthe ibbginfgusyisteer is aioylifie® ribithamiadAerofiescribed below.
textured surfaces, with untextured surfaces, may be
Surtfkee dexititinice empR ¢ WY&t topography of one or more surfaces (radial or

cylindrical) of the bearing system for a rock bit.

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
failure. To improve the bearing life, the friction has to be reduced. In a mixed lubrication
regime, there are two means to create better lubrication in these surface contact areas: supply

more grease or generate greater hydrodynamic pressure.

In accordance with an embodiment, the topography of the head bearing system is
modified by surface texturing technology. A surface texture is introduced, either on the head

side or on the bushing (or cone) side (or both), of the bearing system for the roller cone rock
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To address issues of grease starvation and possible
bearing failure, it is also desired to increase the
w@ewani47¢f | ubri cant that can be maintai ned i nPE€NES2009/037029
surface contact zones of the bearing system In an
effort to introduce nore |ubricant into these surface
contact zones, the surface topography of the bearing
systemis nodified in the manner descri bed bel ow
Surface texturing is enployed to nodify the topography
of one or nore surfaces (radial or cylindrical) of the
bit.; Ehg juRgCtyEiEng 41 $ eﬁlosag P?f&lﬂi‘ ipgilydes dimplesgvhigigpin gsidtionsdubricant
| ow vel ocit t he head shaft and the bushing of the
andage fhus bﬂpﬁqhﬁé reclige the dricgioa i the éemdala/tan%ﬂl?éﬁ}@éllbf&é@@%@%ﬂ%
side of the bearing system This netal-to-netal
contact dom nates the frictional behaV|or of the
beaPyr g &yariamas fRwTPe] kareip srefe rpseialisrratteraer Aigandes) quyone or
reach over 0.1, which generates enornous heat and can
mofesyEfage oh g DPHI ANt e Beferearq isroace aggin miste sy BIGWRES 1 and 2 for
bearing life, the friction has to be reduced. In a )
an pdopBticafion of Pabsitn teagpdrsurfachie ine ther keating syremdn ecordance with
create better lubrication in these surface contact
embgdagents desphod hetsire rangdaplomepfaiiay Hreeugpesdexpring is provided on
hydr odynam ¢ pressure. |In accordance with an
an eyttyottiindsiee] surfaec 2opfche bashiyg efaft hehigk setmb pant ohthe Sy celmdrical
is nmodified by surface texturing technol ogy. A surface
frictiex beari@gil8. Imarodatu oedsmeitdtiver thopurtdee tdvamidg 39 previded @nan inner
the bushing (or cone) side (or both), of the bearing
cylsystad surtaee 22 € thrediukleng 24 médichdek bédn. praskdit $ue fleoene 3 and which
texturing disclosed herein includes dinples which
forme tpait rof alekdfitst oylaldrital fricteoanicaamgl 1@r én tybtusotiel prhpibmémation, the
reduce the friction in the boundary and m xed
surfabb telkGidih g aproeidéd@san Suef trdricakdufatad) aSthelBsking Rt 2 which
herein creates specially patterned dinples on one or
forfi® h&rt SEHhE 36€L8d OflindFeal Beaioh dYarfgSIUE M sREbRIIRAGADlcHeMBE®, the
again made to FIGURES 1 and 2 for

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 of on the bearing shaft 2 which forms part of
the first radial friction bearing 16. In yet another implementation, the surface texturing is
provided on a second radial surface 42 of the cone 3 which forms part of the first radial
friction bearing 16. In still another implementation, the surface texturing is provided on a
third radial surface 50 of the bearing shaft 2 which forms part of the second radial friction
bearing 18. In yet another implementation, the surface texturing is provided on a fourth
radial surface 52 of the cone 3 which forms part of the second radial friction bearing 18. Any

combination of the foregoing textured surfaces, with untextured surfaces, may also be used.



an identification of possible textured surfaces in the
bearing systemin accordance wi th enbodi nents
waele®eni4sed herein. In one inplenentation, the BCF/182989/037029
texturing is provided on an outer cylindrical surface
20 of the bearing shaft 2 which fornms part of the
first cylindrical friction bearing 10. In another
i mpl enentation, the surface texturing is provided on
an inner cylindrical surface 22 of the bushing 24
whi ch has been press fit into the cone 3 and which
f orTﬁe Haples 8? thepsuripee Sxtueng pelgyg asalubneant fsgnoipehich germeate
. In yet anot her inplenentation, the surface
thetlé'%rfcl?ﬁ*‘i’lh 19 dhepintoyPRpse ob e 2RAEES. ¢ Mcruhilee alghgruhsfdé%deynamlc
30 of the bearing shaft 2 which fornms part of the ,
pressaecon dsersfrteh e itheadimple; aea offoth dnctipigy Wil fagifitagy g1 ymprovement in
anot her inplenmentation, the surface texturing is
scapiRHY] bgaidh e stam lmhmemonoyllth nigdictiah isicieice 32 of the
cone 3 which forns part of the second cylindrica
friction bearing 14. In another inplenentation, the
sur Fhgc Bereqifaga rqomey 28 s ovifl &xpesh te thg dypplesagiag|be the same or
surface 40 of on the bearing shaft 2 which forns part
difigfent foe tieisealingsudacgland brasng swrfdseart piep implemontafien, the coverage is
anot her inplenentation, the surface texturing is
thepproyiaéd igprefarredibetitc diaplalof sufatateastuncoyér tehveces 6fd 0@ of the
which fornms part of the first radial friction bearing
surfa6e of mtesdsi.| Evearmotrh greférady ehedinaids ohould beves betfvagr70-90% of the
texturing is provided on a third radial surface 50 of
surfabe o éatetiestg Bhaf imPembntationf drendinpéestcoeér fubetasatpnd0% of the
radial friction bearing 18. In yet another
surfappb&menésat iomothch émplamé@atéont extsadlingGuifscepnayhaed lighten shot
fourth radial surface 52 of the cone 3 which forns
pecpathéin @fc bdaeing eadid. r 86l b besringt swfch eahir® GolddageAMyy have the
conmbi nation of the foregoing textured surfaces, with
perbdht2%d b @Feried fpasasisly MRtil@ths Qedlia g WeiEste HAS a dowid [t&@Surdfcoverage
the surface texturing behave as lubricant reservoirs

areVNE GlinplR8 o8t & drREr fdcd dxinG @t dverugh Mcidt B0t er - space of
netal asperities. Meanwhile, higher hydrodynamc
Embodiments herein utilize any one or more of a variety 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 sealing or 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

sealing or bearing system surface being treated is exposed to a second shot peening action at
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pressure is generated on the dinple area. Both
functions will facilitate an inprovenent in sealing or
wheapiing3system | ubrication with a reduction iPCT/US2009/037029
friction. The percentage coverage area Wth respect to
the dinples may be the sanme or different for the
sealing surface and bearing surface. In one
i npl enentation, the coverage is the sane, and it is
preferred that the dinples of surface texture cover
bet ween 60- 10 % of  the surface of interest. Even nor
a sgroaf dRigmtty, loYeh & hgicHp e s UE RS Poebrkd E&%&ﬁ@@l%b%@@ﬁ (the
..the surface of interest. In an inplenentation, the
shgy pl & secersl dyeraga e a Resfarphly. t%é)%)’é‘* intgReitys kg ¢ldt éfdsefed from the
interest. In another inplenmentation, the sealing
firsés yptmaityelcvrky PreErably thej sqpand everpgstsizsaevimal lsuhan the s aydragg size.
surface. So, the bearing surface texture coverage my
have the percentages as described previously, while
t helns arafitpdsigifeatcatetan el sigarofttbs twe-ster éb@r%ﬁ-‘@@n&rpé%ess is
Exanpl es of the |ower surface texture cover age i ncl ude
cffeshpggsto prhiRydiarhsaited chegragerpres 9fibictreccm AY-180e. J¥herpeencdcogerage
vari ety of nethods to create surface texturln%
arepsrf] led ithegy: L ORBcHie nicAdn casherepchib geal dhioraghicygs &pal peened coverage
texturing, deep rolling, vibratory finishing, etc.
areCothrredpleetdp Itha fyeatadnivffagndt at leaso&d%, andvaeragpecaicelly 70-90% and
di npl e size, dinple depth, and dinple shape are the
evehairopisfendblycWhidle bppredache onindaclres elishotallyslO8%l. ect ed to
formthe texturing. In a preferred inplenentation,
shot peening is used to create the dinples of the
surlt aelefursit herundeystoivbihat thp elisit peanaiglpyocess qowkd-usiliepmetydhan two
peeni ng process is used. In accordance with this
sepraE-StEpg prtiote sr ckampde, fai thise-sep.dpurtstep, sembicrsgepgrrocess could be
beari ng system surface to be treated is exposed to a
usefli Egth ssdpotoubdpraferedpyagtlizo diffshear dicragt hieedmediaaml different intensity
bonbarded at a first intensity
levels.

With respect to the lighter shot peen which may be used for the sealing surface, it may
only be necessary to utilize a single shot peening action to achieve the desired surface

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

FIGURE 2 illustrates of a partially broken away view of another typical roller cone

rock bit;
FIGURES 2A-2C illustrate other geometries for a sealing system used in FIGURE 2;

FIGURE 3 illustrates an exemplary shot peening impact pattern;
10



| evel by small spherical nedia (the "shot") of a first

average size. In a second step the sane sealing or
whe@siing3syst em surface being treated i s exposedr/us2089/037029

second shot peening action ata second intensity |evel

wherein the surface is bonbarded by small spherica

nmedia (the "shot") of a second average si ze.

Preferably, the second intensity level is reduced from

the first intensity level. Preferably, the second

avera S|ze is smaller than the first avera
S@r eH RS SHEREACN ghiuriagH 8FwE ot htglP?é Beditreated by
-ste shot ening process is effectuated to
theawupéwgepfﬁé%ﬁgé 3 9etbeyel v e vVerehdtteen 60- 100%
When peened coverage areas of |ess than 100% are used
in each steggrthe goal is to achieve a final peene

coVIIPAGE albatraiEsy i Grasspediontosur e Afirigicsiaviucly haé@eenotreated by

at | east 60% and nore specifically 70-90% and even
addifinal shpigreeniad Mth wepvaraes ﬁfﬁa@ﬁ@ﬁ%@albiloor"/éac hes
substantially 100% It will further be understood that
t he_shot i ng process could utilize nore than two
sepaf i Eé@wrrﬁtas AL EOMary pypack RSt &Vithgesprgtde e§?¢é‘B0n of the
four-step, or nore-step process could be used. Each
addiffonpl shetutegnipEef erably utilize different average sized
media and different intensity levels. Wth respect to

the |lighter shaot peen which nmay be us d f r t he
sealf ngi%su - iatd o i lpstiigy ITOAPSF-Helifed 8¢ tnaer%ﬂ Which dagbeen
gl e shot peening. action to achi eve the desired
tre%‘if‘r'ffya?élé‘dfhé&% RO §eCNBIRI NEPESE=SCRI PTI ON OF THE DRAW NGS
FIGURE 1 illustrates a partially broken away view of a

typiLcal roller cone rock bit; FIGIRE 2 illustrates of
a PEFPLURES {0-bt SKelNagiial) UYRIRE SPPOgFS lﬁé‘erP%fBP‘&saE ctygn gy faces

one
that have subjected to a two-step shot peening process;
FIGURE 13 is an image illustrating the topography of a regular machined surface;

FIGURE 14 is an image illustrating the topography of a two-step shot peened surface;

and

FIGURES 15-19 illustrate the beneficial effect on the friction coefficient which

accrues from surface texting.
DETAILED DESCRIPTION OF THE DRAWINGS

Surface texturing is employed to modify the topography of one or more surfaces
(radial, conical or cylindrical or other) of the sealing and/or bearing system for a roller cone
rock bit. The surface texturing results in a dimpled surface which retains additional lubricant

helpful in reducing friction in the boundary and mixed lubrication regimes. Surface coverage

11



rock bit; FIGURES 2A-2C illustrate other geonetries
for a sealing systemused in FIGURE 2; FIGURE 3
WO 00981478t es an exenpl ary shot peening inpact PEL/US2009/037029
FIGURE 4 illustrates, in cross-section, a surface of
i nterest which has been treated by the shot peening of
FIGURE 3 at or about 100% coverage area; FIGURE 5
illustrates, in cross-section, a surface of interest
whi ch has been treated by additional shot peening with
a coverage area of |ess than 100% FI GURE 6
arep (fqr the Ainanled textugs, ahisps With TrpRget ophPaEing Swiftch theuldepeed at a
to execution of the additional shot peening; FlIGURES
mingmugy Qe npre Profsatin b betiveenc fo Y. <ad e Brmotg nsefpbly epppach or
i nterest which has been treated by an additional shot
reagfe i eigMpely dO8%:  ArliduRED ol peendSHPe) s dedised ngoppestiphyyith a
t opogr aphy conpari sons between surfaces that have
scafujusleeed to a two-step shot peening process; FI GURE
13 is an image illustrating the topography of a
regul ar machined surface; FIGURE 14 is an image
i | | Wath refeicnes toHEGUBESqr ashy, the texturegosustoeds s rﬁlaﬁ scplignwgtem to
surface; and FIGURES 15-19 illustrate the benefici al
whish flit yurfyee tehiering isepplind neciermbly spapiscny etrfage Bvirssslidingrpontact
surface texting. DETAILED DESCRI PTI ON OF THE DRAW NGS
witbthrefsad €0 e shic gonargtares. &hip Moykldnelederndiof orersarfacepofihaplapd 64.
of one or nore surfaces
More specifically, it would at least include the seal boss 62 surface. Any combination of the

foregoing textured surfaces, with desired untextured surfaces, may also be used.

While FIGURES 1 and 2 illustrate the use of cylindrical sealing surfaces associated
with the boss 62 and gland 64, the surface texturing may be applied to other geometries for
the sealing system such as those illustrated in FIGURES 2a, 2b and 2¢. It will be noted that
these alternative geometries exploit conical surfaces in connection with the sealing system
(on either one of or both of the shaft and cone side of the seal). Thus, any conical or
cylindrical surface associated with the seal and functioning as a sealing surface against which

the seal 60 rides as the cone rotates is a suitable candidate for texturing.

Reference is once again 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).

12



(radial, conical or cylindrical or other) of the
sealing and/or bearing systemfor a roller cone rock
Wh2a09/1T4787 surf ace texturing results in a di nplBdr/us2009/037029
surface which retains additional |ubricant helpful in
reducing friction in the boundary and m xed
| ubrication regines. Surface coveragearea for the
di npl ed texture, at least with respect to a bearing
surface, should exceed at a mninum 60% nore
preferably be between 70-90% and even nore preferably
appVHACHSISF % eh seepist sxlineical f}wm%earma L ghttacs ﬁ%&turmg is
peen (5-60% nay be used in connection with a sealing
Proided st 81 WihOthara el thecputar R Sgrfepe 30 of He bearing Shat 2
textured surfaces in the sealing systemto which this
andsthe faerecytiadiical surfaed 32 Apisiqoad3.pr ef erabl y conpri se any
surface having sliding contact with the seal 60 as the
cone rotates.‘Tth,mouId i nclude one or nore surfaces
of K¥ehgyfishdpded frigtmebeang il . i%lgﬁqeyteanwuwrawé%d Po4ag or the
i nclude the seal boss 62 surface. conbi nati on of
othetr bl gl firgt edirk wrfaes ‘gmfft%f‘clee@rmwhaﬁ g thegsgoond radial surface
untextured surfaces, may al so be used. Wiile FIGURES 1
42 gfthe ot ustrate the use of cylindrical sealing
surfaces associated with the boss 62 and gl and 64, the
surface texturin be applied to other geonetries
f orLaste feetp ismng aiﬁﬁl@él@e %eaaglgtlﬁo%fam feygtipg isgroyiged on one
FI GURES 2a, 2b and 2c. It will be noted that these
or e peehelt hofle olgbe thatdrindisl sexipeeoih ofdbhbeasing shpft henslsthe fourth radial
connection with the sealing system (on either one of
surfgee pbefithofoneRe shaft and cone side of the seal). Thus,
any conical or cylindrical surface associated with the
seal and functioning as a sealing surface agai nst
whi &1y eambirpgigh oBide foregoingextyigd serdnges, pithalewrpdjugtegtured surfaces,
sui tabl e candidate for texturing. Reference is once
magglad bewsde to FIGURES 1 and 2 for an identification of
textured

The dimples of the surface texturing behave as Iubricant reservoirs which permeate
the lubrication into inter-space of metal asperities. Meanwhile, higher hydrodynamic
pressure is generated on the dimple area. Both functions will facilitate an improvement in

sealing and/or bearing system lubrication.

Any one or more of a variety of methods can be used to create the dimpled surface
texturing including: machining, chemical etching, laser texturing, deep rolling, vibratory
finishing, shot peening, etc. Controllability, uniformity, cost, coverage area, dimple size,
dimple depth, and dimple shape factors which influence which method is selected for the

surface texturing process.
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surfaces in the bearing systemto which this surface
texturing is applied. Turning first to the first

waeoondrstal friction bearing 10, surface textRCT/H00%037029
provi ded 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
forning the first cylindrical friction bearing 10 (or
main journal bearing). Wth respect to the second
cyl Tfrfd ﬂrnan.{Fd fspytRqe; %%% ahPHg 11@‘4 rapdopy fag Wé&twﬁ()ﬁa fayerage.

provi ded on ogne qor the other or both of the ou

Preéf‘ﬁhlh differsit dzedrdipplegshayd pp@rasey rand ghaHd oe r.@nd&ﬁﬂw dfsgibuted
i nner cylindrical surface 32 of the cone 3. For the

acress thg supfaer o finjshed qoypragreded pigpubgantiglly 1QCe on diersyrfpgegpfiingerest
provi ded on one or the other or both of the first

is prefdired atdepst witk respecpfo thpbedsmarspiigres Hathe opgianlgsurfiaee is obliterated
second radi al surface 42 of the cone 3. Lastly, for

entir¢le by exahdpadadiinplle téxtirmigi hen bhear hargiditBat 180 ofcaearage area has been
texturing is provided on one or the other or both of

achidved.t Aiddidomadlgli tt fisishddamefa&Otenturet sheuld dakiang skdnatdge® &nwdll be
the fourth radial surface 52 of the cone 3. Any

recegnideil nBdwayar, ofiat thleeefitonena frgmt fexthad edvesagef @emson he tshrface of
desired untextured surfaces, nay al so be used. The

intad¢siial @sesobf 6096, @ widkapefckadist hatwerg 70080/ @nden hipudppiaaeliihg 100%.
reservoirs which perneate the lubrication into

Thd Birey p&Patsge overegatanabpasddt oreboth Meabwdiink esurfidcgNRI the sealing
hydr odynani ¢ pressure is generated on the dinple area.

surBBeé. h AfltometivedNs Wdhkdr té:@gidgl dadtR REd biMpHeOM eI urfatt as compared
seal ing and/ or bearing system | ubrication.

with the bearing surface. As an example, a lighter texturing of 5-60% coverage can be used
on the sealing surface, while a heavier texturing of 60-100% coverage can be used on the

bearing surface.

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
that only those desired surfaces will have a modified surface topography (this allows for a
machined surface to exist adjacent to a peened surface). As known to those skilled in the art,
shot peening is a cold working process in which the surface of a part is bombarded by small
spherical media called shot. Each shot leaves a tiny dimple on the surface caused by impact.
Shot peening is more widely used to create compressive stress so as to reduce fatigue crack.
Inspired by the view that tiny dimples are generated on the surface, shot peening is employed

as described herein for a different purpose in creating a dimpled surface texture which can
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Any one or nore of a variety of nethods can be used to
create the dinpled surface texturing including:
wore@biini7ey, chemical etching, |aser texturing, PAEERR009/037029
rolling, vibratory finishing, shot peening, etc.
Controllability, uniformty, cost, coverage area,
di npl e size, dinple depth, and di npl e shape factors
whi ch i nfluence which nethod is selected for the
surface texturing process. The di npl ed surface texture
shoul d be random and w th uniform coverage.
consyran gospiubricagy ingthe seplinediesidng Wriam C@gtaetrr&aw e gphesdle Hcreased
and shoul d be randomy distrjbuted across the surface.
hydrodyinpnicEdSwe VI Geld PeraT R tsalingmerang Yiaenos on the
surface of interest is preferred at Ieast Wi th respect
to the bearing surface. % surface
obl ARePH B AR Y e pyrages %R/é?r %Qpé%oﬂ dfl?nﬁPeS% %s@t@r@h@ther gland
then it can be said that 100% coverage area has been
conigahiradiglr cxbidricplotlidingysurfegse) doseiibed @howugan deessubiested) tagthe shot
shoul d | ack any sharp edges. It will be recognized,
Pechigeieatment hiata prefeeed taplepaytations ¢ Hya-fiem(dyple shat gowinggarocess is
_areas on the surface of interest in excess of 60% or
utilizgd en pheetidacals) 9f ipstoleen 70- 90% and on up approachi ng
100% The sane percentage coverage can be used on both
t he bearing surface and the sealing surface.
Al t1aranfas| sj yhot feeringhis @erforaied onjtheySwitaae peng s 8t slpt iipdia at a
sealing surface as conpared with the bearing surface.
firspghos itesigpl e, shet nepryhg agtiop ek thgrirsigtepfis Brdovsdivy & fizg eeriod of
can be used on the sealing surface, while a heavier
timg gxerderi tn gbtefn a6 1QI0Ny regecarery &l heshotives dipsie drefamatil gast steel which
bearing surface. In a preferred inplenentation, shot
is apesemplgryi impbiresetion basfaolim avhege binp b0 Klunfles cantl ¢lxt ntegsity of
t hrough t opol ogy nodi fication. Shot peening
the avasitdpaig ON31-0/0 Es(ncharatchye Alrs¢n g8p)of 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,
the journal of hardened steel material has a hardness of HRC 58-62, while the bushing of

beryllium copper has a hardness of about HRC 38.

Preferably for at least the bearing surface and possibly as well the sealing surface, the
peened coverage area resulting from completion of this first shot peening step after the first
period of time is between 60% and 100%. Coverage in excess of 100% may also be

provided. Coverage is defined as the extent (in percent) of complete texturing (for example,
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random city but with uniformty of coverage. Shot
peening is also a controll able process so that only
W@ bwse14iesi red surfaces will have a nodi fied sSRCT/EHSE09/037029
topography (this allows for a machined surface to
exi st adjacent to a peened surface). As known to those
skilled in the art, shot peening is a cold working
process in which the surface of a part is bonbarded by
snall spherical nedia called shot. Each shot |eaves a
y dinple on the surface c used b npact . Shot
dmﬁ)él@%ﬁ Hghq wirises by R geacess gisg Thes: o %8‘”’6@%?‘%“3@? %gmal surface
stress so as to reduce fatigue crack, Inspired by
tex{preef haatriace gich figpbed RicacGrtdican alliteypted ﬁétlrgur%@@ Wt shot
shot peening is enployed as descri bed herein for a
pechingfsédpe EoVSIRED &5 exders ofr KRG opbiimgidrigy exdendingfthe exposure time to
texture which canconstrain nore lubricant in the
pecgmg byt vlesd time gvhichris spguiredon taglieveZl@At( ooy cragrd Fye preammics a 200%
i ncreased hydrodynam c pressure which better separates
covetige seald hg/abaeavcdnky shot fracrarg thansuroere f@r twigsr the gimauhie of time
surfaces 20, 22, 30, 32, 40, 42, 50, 52 and 62 (or
necgtshiyr togibsnda d 80P cabsrageadh digh®r sley ipeendresd@ig i Godemge of 5-60%
surfaces) described above can be subjected to the shot
map elamatiyely be asadet the $aaliae prdferred i npl enentation, a
two-step (dual) shot peening process is utilized on
the surface(s) of interest. In a first step, shot
peerliGhRE § ifhetritoy aredxamplirhempagt paiteen wsthrrgspactfto res¢cusibobf the
nmedia at a first shot intensity. The shot peening
firsagtot paeniof stehevithiar aitabsttelPO0Vecopandeonremed for a first
period of time in order to obtain a desired coverage
area. The shot nedia is preferably cast steel which is
an dwéid arllpstratgl aeessatdtion, hasface ¢fiintstestavtachalgpe bsénztecated by
of 0.011 inches, and the intensity of the first step
theifgst Ghd@ PTeningBtchOC (measured by Al nmen strip).
Alternatively, the shot nedia is glass bead for softer
surfaces such as the inner cylindrical surface 22 of
t heCdnivessely cHIGUREE S aliistrates, 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). Such a peen may, for example, be used to effectuate the light

texturing used in one implementation for the sealing surface.

In a second step, additional 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 arca. The shot media is preferably cast steel having a second
average size of 0.011 inches (which is smaller than the first average size), and the intensity of
the second step is 0.007~0.010A (measured by Almen strip). Alternatively, the shot media is

smaller glass bead for softer surfaces such as the inner cylindrical surface 22 of the first
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friction bearing 10 on the bushing 24 (with an
intensity of the first step being 0.008-0.0 12N). In
wa@rooesettpt ary i npl enentati on, the glass nedi a PE@yUS2909/037029
average size of 0.006 inches. The distinction between
a hard surface and a soft surface may be made based,
for exanple, on whether the hardness of the nmateri al
exceeds a certain threshold (such as, for exanple, a
hardness of HRC 45). In the inplenentation described
above for the main journal bearing, the journal of
cyIipdpend fieh ooy Rrarng el e tﬁ%tgnga%arl’gﬁafs@élycfhwsen@egmfage area
whil e the bushiqg,of beryl | i um copper has a hardness
resyfing fof completiapof top sqcapdiiioypeeping siep fsextteeh R aal 94y
surface and possibly as well the sealing surface, the
peened coverage area resulting fromconpl etion of this
fi ridCU P isBRiEh AN STty dBpact Rattar wa 1Restdy cypeufipigt the
is between 60% and 100% Coverage in excess of 100%
secpil shgt ResniBe step Bith dratithachYEr &6T488 2(§af i ned as t he
extent (in percent) of conplete texturing (for
exanpl e, di npli ng). of the surface by the process step.
ThudG Ui h! Sc BVEPSEgRFtiohe? WFlgs Hfdntestryieehas dggn freated by
of the surface which has been peened has been .
the seopd ghoh pesingitep(&hsn Yajtipggom thedirststepesyl sbavyindd €gRE 4) for
Coverage in excess of 100%is obtained by extending
a sqepid Roried ofifiae pegeesarygo gbiaii sHptandinbn D0 hegverEa@ewhi ch i s
required to achi eve 100% coverage. For exanple: a 200%
coverage woul d be achi eved by shot peening .the surface
f orFl 8 tlyetratrp irfross Peqtions Weldessyfdntgrestovigh s peep treated by
100% coverage. A lighter shot peen resulting in.
the segpafl bt PePNIBE BeAVRLY strtingr fiam iheeliyt 1 igadshpyp ip RESURE 5).
sealing surface. FIGURE 3 illustrates an exenpl ar
In thifpesse. thasecend sigp thas fessfeetl09% wxeregn (dyn toexpdyereffoy gshorted

shot peening step with at or about 100% coverage ar ea.
second period of time). Again, such a lighter two step peen can be effectively used in one

implementation for the sealing surface as well as the bearing surface.

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
texturing finish (beneficially reducing the possibility of metal-to-metal contact in the bearing

system, for example).
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FIGURE 4 illustrates, in cross-section, a surface of
i nterest which has been treated by the first shot
wee@siing3st ep. Conversely, FIGURE 5 ill ustrat eBCT/US2009/037029
cross-section, a surface of interest which has been
treated by the first shot peening step with a coverage
area of less than 100% (i.e., for a shorter period of
time). Such a peen nmay, for exanple, be used to
effectuate the light texturing used in one
I mpl ementatjon for the sealjng surface. In a second
st el 1S Eefaireq Withresragbio %Z@éﬁithfgbqagngaw &5 thadodewing gompletion of
surface (FIGURES 4 or 5) resulting fromconpletion of
theshet Fepping trept@snt(EPthPr e siepid of HistSuRfacs of iaterest et gpgtantially
i ntensity. The shot peening action of the second step
100% coveraes reppadfor enminnagelasiand segand gteg fsugfaeerepimest weh dingpling be
obtain a desired coverage area. The shot nedia is
achigved. el ews¢vpr. dlese arg péwintagentp wgvasags atcon of gioaterdbps 080z €0-69%, and
0.01 1 inches (which is smaller than the first average
gregfertdyn 9%nd the intensity of the second step is
0.007-0.0 1QA (rneasured by Al nmen strip).
Alternatively, the shot nedia is smaller glass bead '
f orAkipgle p terpien esess it esargbadhié wikh he pndepytoasldthatdlg shot peening
surface 22 of the firstcylindrical friction bearing 10
progess tchidd bitising mgrethan Pyefsenagdid peeningeacersn eborcaxemplage three-step,
area resulting fromconpletion of this second shot
foupetepi amgnat-efep ipsocbwtoneldrbe608d. ahath @i olld GdRIFatdy utilize different
illustrates an exenplary inpact pattern with respect
avetrage eixed mtdio anddiffelant istensiugdevsesot peeni ng step with | ess
than 100% coverage area. FIGURE 7 illustrates, in
cross-section, a surface of interest which has been
t r elatr ety mategals.efoo rdamplotat e éelomg 2 teajme{swHBA45t @nly iong shot
fromthe first step result shown in FIGURE 4) for a
peesmgosieh petianothagf be npe@esnaecesiSadyr tateols.ahowever, benefit from the
substantially 100% cover age area.
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 sealing/bearing system
surfaces having a roughness of 8 to 16 microinches Ra. This would comprise a typical

polished surface of standard use (see, also, FIGURE 13). As a result of the completion of the
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FIGURE 8 illustrates, in cross-section, a surface of
i nterest which has been treated by the second shot
wee@aiing3step (when starting fromthe first stREI/DE209/037029
shown in FIGURE 5). In this case, the second step has
| ess than 100% coverage (due to exposure for a shorted
second period of tinme). Again, such a lighter two step
peen can be effectively used in one inplenentation for
t he sealing surface as well as the bearing surface.
FIGURE 9 illustrate n cross-section, a surface of
surfage dieREICHAOEHS magcr'%%%ﬁeﬁeweipgaveayt £ haOtReeRlbeeripg surface of
peening step (when starting fromthe first step result
mtf‘g%voﬁﬂ VfFlac;tyﬁEcesﬁmslp HOYERPSS cEeader thife2Q é%lswawB%SeBa HEgs, also,
100% coverage through selection of the requisite
FIE&ebhd)- period of tinme. No matter what coverage area
percentage is acconplished with the second shot
peening, it is preferred that the second shot peening
st pelaeneg FinPrtRdcOnPALiRE 48 veidui 4nnmrﬂgalﬂal§trartmgamography
sharp edges present in the surface texture resulting
corpRagiReTs GRpIcet Fusfrcestthathave baes progersed ieesnrdigos vt thedwerstep shot
FIGURES 4 and 5). This will result in an inproved
peey e fpaeesst desariped nlgowe ithhastg a( Syefpesf iopghapysyof geadtes thag 20 meicroinches
possibility of netal-to-netal contact in the bearing
Ra ¢yestthorbeatipg skeafiaempthe Jef() tand surfpcest witly echiveutiohalsapasobughgess of 3
at least the bearing surface that follow ng conpletion
to tf midi@ngleeRagenbenging ket oefte righotid bushmgriene tseiay adfenter).
the surface of interest, that substantially 100%
Fl@ddre il agenamege iflastratogropogrebhifyicomparangs weeanduigicepthat have been
surface treatnment with dinpling be achi eved. However,
protdseddeinaiceorddivantithghs twmsteovier pgmiry assoflesgriedt ovd toaliave a
60% 70-90% and greater than 90%
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
topography comparisons between surfaces that have been 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 right) and surfaces with conventional surface

roughness of 8 to 16 microinches Ra (see, bearing shaft on the left).

FIGURE 13 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 14 is an image illustrating the topography of a two-step shot peened surface

as produced in accordance with the description above.
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Al t hough a two-step process is described, it will be
under st ood that the shot peening process could utilize
wor0e/11418h t wo separate peeni ng actions. For eRERPE®09/637029

three-step, four-step, or nore-step process could be
used. Each step would preferably utilize different
average sized nedia and different intensity |evels.
For softer materials, for exanple at or below a
har dness HRC45, only one shot peening step action may
be necessary. Har.der erlals homever nefit from
t heA SerYeBticHghmachined %Rgfa t tithrfpran venigpal ﬁ%@hﬁnﬁg S%%&P?Sa fece gurface
descri bed above, It will be understood that th
of RIREE §8cad srpft stithraathet-pespecdiseal basy (e puface 98 F%‘é% 14) were
herein are schematic and exenplary in nature.
tested jon st fealt Bl upesy Uharamey opgrdingcondipnsi t JIBIRES S @nqlniﬁ gllustrate
shape and | ocation shown in the FI GURES i s not
resmi@@ dhag tosting ad shew tiredicactidial g8eqt swifasa teaxtingia enpral handyzlp-step
shot peened surface would | ook |like in cross-section
shobpeenimgt(nenarticglar)ap resowiancetwithetho procdse deseslddtaboeedias ew dd friction
with the two step process. One skilled in the art wll
coctiinuient 5t hae sedmgtsppoh ogifesrapons M easstencd ofdhe sadhdioiples of the
the first and second steps given different respective
profliqes tsudand te@wo gehopaes lodsodghantic peesfune, stahgizge@neduges friction. A
action. It is known in the prior art to provide radia
shaétragld esal bond kysCenh with alrégudyr heahinabfisyistae kn@ur halest) RBwianglarge
a roughness of 8 to 16 m croinches Ra. This woul d
var€oP [ Betiéh. t g ashbt-frehddsdaalth osusHati ClovadverS tirnaidrodditdRs provide
(see, also, FIGURE 13). As a result of the conpletion
mof¥ rebdt@Sitl forgreald RAMuBRGe MEQGERE sdeaerwigethch@hel Meanwhile, the
however, the shot-peened bearing surface of interest

greweldomlaﬁw irPth8 WiohR&ewll 'h@rb]te MO YGRS S ﬁhre@aie% sbiddie &0 friction
m croi nches Ra (see, also, FIGURE 14)

couple better. Therefore, the friction tends to be more stable or reduced.
FIGURES 15 and 16 differ only in the manner with which the illustrated data is

identified and presented.

A conventional machined shaft with a conventional machined bushing (see surface of
FIGURE 13), a shot-peened shaft (see surface of FIGURE 14) 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 17 and 18 illustrate results of
that testing and show the beneficial effect surface texting (in general) and two-step shot
peening (in particular) in accordance with the process described above has on the friction
coefficient in these three bearing system configurations. The existence of the small dimples
of the produced surface texture generates hydrodynamic pressure, stabilizes or reduces

friction. A shaft and bushing system with a regular machined finish (as known in the art) is
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Ref erence is now nade to FI GURE 10 which is an inmage
illustrating topography conparisons between surfaces
WO baw/1hage been processed in accordance w th tPE&r/US2009/037029
two-step shot peening process descri bed above to have
a surface roughness of greater than 20 m croi nches Ra
(see, the bearing shaft on the left) and surfaces with
conventional surface roughness of 8 to 16 m croi nches
Ra (see, bearing shaft on the right and bushing inner
surface at center). FIGURE 11 is an imge |Ilusbrat| ng
SXPOHo r BISFY *PEHEP PISHY Btdben tﬁ%}r%cfggﬂqnha% this, Perrigg gyystem
processed in accordance with the two-step shot peening
COI@@B@@% shoas @ lptse y2agiove Fop aHBQFé’eﬁneélLFP?féé‘éd/‘ProtU@HH%§3§“‘c§$ (two
. I3reater than 20 m croinches Ra (see, the bearing shaft
implemenipsiopsefliusteaied) ipsis ergthe M ere-Guplenprevide masn Feeeryoigmigr grease
surfaces with conventional surface roughness of 8 to
to éripdte thsi nibbiag sRefaqes e gYlcdedilF.nde siieepe comaingd in fhghdipples will
FIGURE 12 is an image illustrating topography
gereutpadiaiynanib praveentosapdrete g frivten dennle bpyen Tmr@f@@s thedriction
in accordance with the two-step shot peening process
tendtete dr inbecstadtbowacdwehave a surface roughness of greater
than 20 m croinches Ra (see, the bearing shaft on the
right) and surfaces with conventional surface
r oulfRNES bF agd 19 differndndyr o1 e hreannRa wit ehicth tharillpgrated data is
shaft on the left). FIGURE 13 is an image illustrating
idettifedtaoppgrapidy of a regul ar machi ned surface such as
woul d be used in the prior art for a bearing system
surface. FIGURE 14 is an image illustrating the
t opdgferapdeys adw madevo-FHEEB Esiorhighedsvatiustigiet Hoetlags shot peening in
produced in accordance with the description above. A
acconlanenyithotha kwoersteih proedts desafibedwbbie las @onvefmiciianadefficient in these
machi ned seal boss (see surface of FIGURE 13) and a
threehizhting\vcdrifigarag ot - PGkl 1% dhistrigosthe (sse irfomfagioe appresented in
FI GURE 14) were
FIGURES 17 and 18, but the presentation is made in a different way. The FIGURE 19

illustration loses some information shown in FIGURES 17-18 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 sealing system 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 sealing system (for example, the seal boss or other sliding surface with
respect to the seal). The dimples of random distribution and non-uniform size are formed
over the surface of interest (for example with at least 60% coverage area for the bearing

surface) and work as reservoirs to constrain more lubricant in the surface contact zone.

21



tested on a test rig under the sane operating
conditions. FIGURES 15 and 16 illustrate results of
W0 baw/1143t i ng and show the beneficial effect sBCT/HS®09/037029
texting (in general) and two-step shot peening (in
particular) in accordance with the process descri bed
above has on the friction coefficient in these sealing
system configurati ons. The existence of the snall
di npl es of the produced surface texture gener at es
hydr odynam c pressure, bili zes or uces friction,
Hygdfodypepic Bifesuse ) eqeied 319 ©HURlE 13 anég t aral fHetAnns greduced.
finish Qas known in the art) .shows a large variation
Cojrgsppidingly. b, selfie "éPr%lH%PQI}ﬁ‘et&ﬁé%“@é%\‘{e boss shaft,
however, the m cro-dinples provide nore reservoirs for
gr ease to | ubricate the sliding surface wwth the seal.
VealAHPELY: fRERedadwed B?ﬂdéreﬁré‘tg IS RIS Heioryiceid agosls bit. Tiny
gener ate hydrodynani c ressure to separate the
dmmlqsé‘f q et pt @Voo“é?l’t Sé‘P PETRIBE BIOGPS ONORROF MPIESPIdRret ehgisrest in
to be nore stable or reduced. FI GURES 15 and 16 differ
congpgtipnivrithrtheDepging systam tfhr Gifsmels. tnnbe mrinyswinglbsaringat Ahe dimples
identified and presented. A conventional machined
of rghdamp digfribhtien andrivernifemadizareie Hormed omersthe siface ekinterest (at least
surface of FIGURE 13), a shot-peened shaft (see
60% gp¥eaeas apfa) FIACURE a3 ngselwbirrmtoaonmiremoﬂedrraicamm Hiersadace contact
bushi ng, and a conventional machi ned shaft with a
zonshdtlydredymedichprsdsinegs gemraed esthedlimple ardaesndi thg beasig fricgon is
under the sane operating conditions. FIGJRES 17 and 18
rediideldu S€orredpendiegylthsbaafing Wwartkitgeshditign @amdpshalw t he
beneficial effect surface texting (in general) and
two-step shot peening (in particular) in accordance
wi t Bmbdiemprtooéske destidnbbalcalirow elchabedrnd hBusdtnaiedtdbome.  The
coefficient in these three bearing system
invewivhiiguirt fitritod®, thd tieclesed stbobme$. t he smal | di npl es
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of the produced surface texture generates hydrodynam c
pressure, stabilizes or reduces friction. A shaft and
whedbiing3system with a regul ar machi ned fi ni shPCEBS2009/037029
known in the art) isexposed to nore
asperity-to-asperity contact so that the friction in
this bearing system configuration shows a | arge
vari ation. For a shot-peened shaft and/or bushing
system (two inplenentations illustrated), however, the
m cro-di npl es provide nore reservoirs for grease to
\NH%%F$€%€QWFPéSTubbing surfaces. Meanwhil e, the grease
contained in the dinples will generate hydrodynamc
pressure to sgparate t he fric%ion couple better. ..
Thet ef orbMRE TG SYECP SR JUTaces Y& SHEME SEYYRIcamBFsing:
reduced. FIGURES 17 and 18 differ only in the manner

ith which the il tr.at d is identifjed d .
' Rt SR, LI, 9205, SRRSO e o
R R eSS RSP RLARe) ReBEEEFRIE e

_friction coefficient in these three bearing

SIZgdht i gurations. FIGURE 19 illustrates the sane
information as presented in FIGURES 17 and 18, but the
presentation Hs na%e hg“a di fferent way. Thﬁ Q%GURE 19 .

i | TEPYH hS et B eurats iy MRHeE et SUGFPWHBWAORA SRyt dgRERs action
17-18 copcerning friction variation in the regul ar . )
whegidhanialaeR S RPRBAESAsH @tPeond s ity el dwiserend Rl spherical media

shot - peened head and bushi ng system Nonethel ess, the
of  yerendiaypiage Yenefits of the surface textured finishes
for the bearing system as described herein are

evident. I n su ry, a surface textured. seali.ng system
is %reséﬁ?éﬁmFgEEﬁ um il hergin the spgond Tnfensiy Vﬂﬁpggu%ﬁng1me

created by a two-step shot peening process on one or
firspipfeasi§ilefhces of interest in

3. The method of claim 1 wherein the second average size is smaller than the

first average size.

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 sealing 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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connection with the sealing system (for exanple, the

seal boss or other sliding surface with respect to the
waeab)147The di npl es of random di stri buti on andPCT/US2009/037029

non-uni form si ze are formed over the surface of

interest (for exanple with at | east 60% coverage area

for the bearing surface) and work as reservoirs to

constrain nore lubricant in the surface contact

zone. Hydrodynani ¢ pressure is generated in the dinple

area and_ the seal friction ii.s reduced. )

cOr%% esporaiAghe of Hains & ayhesgn m‘rhk?ﬁ@ ¢ dysdnd; sepndgshot peening

nproved. In sunnar a surface textured head bearing

act50§s W@%“e‘ﬁi‘%@s e e&ée Syfage polgterst-t . Tiny dinples are

created by a two-step shot peening process on one or

nore surfaces of interest in connection Mﬁth

beafi ng Té‘ﬁs‘?‘éh‘?d( pofleigx drpheacini ploymengamplgtion rq#albe second shot

beari ng) . npl es of random di stribution and
PeCHBg-AGHITF éPﬁP@%z@ ﬂ%f‘r waking yedcovieinteraiehas hepmicgtugyd with randomly

interest (at |east 60% coverage area) and work as

sizqdengpd dipgiueedidimpleast rai n nmore lubricant in the surface

contact zone. Hydrodynam c pressure is generated in

the dinple area and the bearing friction is reduced.

Correspondi ngly, the bearing working condition is

i nproved. Enbodi nents of the invention have been

descri bed and illustrated above. The invention is not

limted to the disclosed enbodi ments. WHAT IS CLAI MED

IS: 1. A nethod for surface texturing surfaces of a

seal ing system conprising: exposing a sealing surface

of interest to a first shot peening action wherein the

sealing surface is bonbarded at a first intensity

| evel by first small spherical nedia of a first

aver age si ze; and exposing the sealing surface of

interest to a subsequent second shot peening action
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wherein the surface is bonbarded at a second intensity

| evel by second small spherical nedia of a second
war@page3si ze. 2. The nmethod of claim1l wherei PCT/K82009/037029

second intensity level is reduced fromthe first

intensity level. 3. The nmethod of claim1l wherein the

second average size is smaller than the first average

size. 4. The nethod of claim1l wherein the second

intensity level is reduced fromthe first intensity

| evel and mher?ln t he sec nd average size is smaller

t hal?- t he’ PrFthed T peildigg? dillz Bt c8MPFHRS net hod of claim 1

further conprising exposing the sealing surface of

i nt erest to qne or nore .additional shot enin :

act PBREE agbearis SEHAR Baype @) 557! }ﬂgle%ﬁ‘é‘rlé?ﬁ ppat ?‘Wt sqne sealing

shot peening action surface textures between 60-100%
surgpe digecrlfp Pk @ i nterest. 7. The method of claim6

wherein the second shot peeni ng action surface

textures between 60-100% of .t he surface of inter

The'RBTHEH ERS OF SP37nS SHHRSE &f HeesERestSttReVhgTyia fur %‘a texmrmg

second shot peening actlons surface textures 100% of
COlEHE®Surf ace of interest. 9. The nmethod of claim1

wherein, follow ng conpletion of the second shot

peening action  60-100 W of th al i ng. surfac

i nter estexﬂ%ﬁglgk}ﬁ%??a{“é%d %%ltovﬁ T %?‘ ﬁlf‘% agliofe 65% the surface

dlstrl ute 10. A_net hod for | di ng drill |

g %%ﬁt Hﬁen%.leeﬁlnfgv Ashyat!| ot fctnad o Vi dYgrage size;

(feallng systen1|nclud|ng at | east one sealing
an

exposing the sealing 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.

11. The method of claim 10 wherein the sealing surface is one of either a

cylindrical or conical sealing surface on a shaft of the journal bearing system.

12. The method of claim 10 further including surface texturing a bearing surface

of the bearing structure according to the two exposing steps.

13. The method of claim 12 wherein the bearing structure includes a bearing
bushing and the bearing surface that is surface textured is one of an inside or outside

cylindrical surface of the bushing.

14. The method of claim 12 wherein the bearing structure includes a bearing shaft

and the bearing surface that is surface textured is an outer cylindrical surface of the shaft.
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surface adjacent to a seal; and surface texturing the
sealing surface of the sealing system wherein surface
WO 2000t478 conpri ses: exposi ng the seal i ng surPEES1009/637029
first shot peening action wherein the surface is
bonbarded at a first intensity level by first small
spherical nmedia of a first average size; and exposing
the sealing surface a subsequent second shot peening
action wherein the surface is bonbarded at a second
intensity | evel by second small spheri cal dia of a
secbnd wglg%sY§ﬁe§1efPr a hearit af 4506k By hpringy %??nﬁqgwrface adjacent a
_Wherein the sealing surface is ogne of either a )
slidiRg seabiryheEsin g sealiiscarfacebasi hiprige forbee spmprissA of & Rjprality of
~the journal bearing system 12. The nethod of claim 10
dinfplgst her i ncl udi ng surface texturing a bearing surface
of the bearing structure according to the two exposing
steﬁi. 13. The method of claim 12 wherein the bearin% .
st r et urldeiserding geséeny obdaim hyWBersiithiydigmies CReT betieph §00% of
surface that is surface textured is one of an inside
thespaliggpwfage cylindrical surface of the bushing. 14. The
nmet hod of claim 12 wherein the bearing structure
i ncl udes _a bearing shaft and the.bearjn? surface that .
i s Kurf ddie seadigg gredn pEelaim bypvaerenthe e govahersen 681100%
the shaft.15. A sealing systemfor a bearing of a rock
of ¢ pcaliag/iwi§ca seal i ng surface adjacent a sliding seal,
wherein the sealing surface has a surface texture

conPrised of a plurality of ) ) )
8. The sealing system of claim 15 wherein the plurality of dimples are formed by

shot peening in a two step process including a first shot peening action wherein the sealing
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 sealing surface is bombarded at

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

19. The system of claim 18 wherein the first shot peening action surface textures

between 5-100% of the surface of interest.

20. The system of claim 19 wherein the second shot peening action surface

textures between 5-100% of the surface of interest.

21. The system of claim 18 wherein each of the first and second shot peening

actions surface textures 100% of the surface of interest.

22.  The system of claim 15 wherein the sealing surface is a surface associated

with a seal gland.
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di npl es. 16. The sealing systemof claim15 wherein
the dinples cover between 5-60% of the sealing
waebace37 17. The seal ing system of claim 15 wWhe&r/E52009/037029
t he di npl es cover between 60-100% of the sealing
surface. 18. The sealing system of claim 15 wherein
the plurality of dinples are forned by shot peening in
a two step process including a first shot peening
action wherein the sealing surface i s bonbarded at a
first intensity level by first small spherical nedia
of B-firdf svehagh cly n&elSaWaeramsﬂasssgmﬁur?@%dhdmsh%% cither a
peening action wherein the sealing surface is
cylpgritrh pecticat sealingseep§- i ntensity | evel by second snal
spherical nedia of a second average size. 19. The
systemaof claim18 wherein the first shot peenin )
act%n e r et 8%l b B ST g5, BForiph N o dearing
interest. 20. The system of claim19 wherein the
busé‘lé‘éo'ﬁtf‘ whesein e mif 99 1894S onowtids admdrieal suitass gbdhebushing has a
5-100% of the surface of interest. 21. The system of
surfareriuicgcopneiresh of agawnlitgof dimplesivyhich carer aééﬁéﬁrﬁf\é%sq{éhe surface of
peeni ng actions surface textures 100% of the surface
intggst.i nt er est. 22. The system of claim 15 wherein the
sealing surface is a surface associated wwth a sea
gl and. 23. The system of claim 15 wherein the sealin
surdace Ths syrfemotf @aiphbt whegeyn thedicpirg insfudespopibeaing shaft and

seal i ng surface.
wherein an outer cylindrical surface of the shaft has a surface texture comprised of a plurality

of dimples which cover at least 60% of the surface of interest.
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24. The systemof claim15 further wherein the bearing
i ncl udes a bearing bushing, and wherein one of an
WO p®odes7dT out si de cylindrical surface of the PCENR2099/037029
has a surface texture conprised of a plurality of
di npl es which cover at |east 60% of the surface of
interest. 25. The system of claim 15 wherein the
bearing i ncludes a bearing shaft and wherein an outer
cylindrical surface of the shaft has a surface texture
conprised of a plurality of ginplgs whi ch cover at
l e 6AVHBFIng RSt 3 pEarige of Hisk BLtCOPRISIA hear i ng
system for a bearing of a rock bit, conprising: a
shaf%ﬁ'nc udi ng 8. al surf ce.aq% a. cylindrica
beatt B“é? gdcalUBRS RN oY P IFiEt P ingSWERavi ng a
annul ar gl and and which receives the bushing; wherein
t he rogler cone and bushing are rotatably nmounted to
he* @53P% such that the bushing aligns with the

cylindrical bearing surface and the gland aligns with
at | east

h | f : d i b .th |
£ e B8 cohh et AR Gl Rl hSRE0 R idg'® o

eas
surface on the shaft or b) an inner cylindrica

f hj h
SUr L f%8n ?l{e }ongr &Hé a+(P %lfsﬁg\égaregfoﬁ#%ﬁ)? &gullg?d( Eﬂl’lt% F}éatsft. s%%h] .that the

surtace texture i1nclu

oG PR DR LSO oSl PR B D DG R s
earing surface, between 60-90% of the surface. 28.
he bearing system of claim26 wherein the dinples
cover, wWith respect to

wherein at least both the seal surface and at least one of a) the cylindrical bearing
surface on the shaft or b) an inner cylindrical surface of the bushing have a surface texture,

that surface texture including a plurality of dimples.

27.  The bearing system of claim 26 wherein the dimples cover, with respect to

both the seal surface and the bearing surface, between 60-90% of the surface.

28.  The bearing system of claim 26 wherein the dimples cover, with respect to

both the seal surface and the bearing surface, substantially 100% of the surface.

29. The bearing system of claim 26 wherein the plurality of dimples are formed by
shot peening in a two step process including a first shot peening action wherein the textured
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 textured surface is bombarded

at a second intensity level by second small spherical media of a second average size.
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both the seal surface and the bearing surface,
substantially 100% of the surface. 29. The bearing
wWey®vam7df claim 26 wherein the plurality of drEpUS209/037029
are fornmed by shot peening in a two step process
including a first shot peening action wherein the
textured surface is bonbarded at a first intensity
| evel by first small spherical nedia of a first
average size and a subsequent second shot peening
action wherein the textured surface is bonharded at a .
secthd i%é’ﬁ%‘i“%%lsﬂs@@ePft pYINg &6 JHRgredidlta Cxdiprgal ga%rmﬁesalrface is
of a _second average size.30. The bearing system of
radigly off§ed Gropbe sehuffRes: cyl i ndri cal bearing surface is
radially offset fromthe seal surface. 31. The bearing
systemaof claim26 wherein the sealing surface . is one
of Bt hehe Rengi tfFn CArlat 26 gl the scling grriags g ob[ither a
the shaft, 32. The bearing system of claim 26 wherein
cylindecayprgpmisal seahingsurfagern thedipct to the seal surface,
| ess than 60% of the surface, and cover, with respect
to the bhearing surface, betmeen-GO-%gOW of the .
surPace. 39 beatthgayHiesh of JFimbif VGG the mpler coyiet with respect to the
conFrising: formng a bearing structure having a .
seak g fach doss e fl%e 0d Ithfatuigearnfl €9 Witk resaeqt ith §icskrpfing gurface,
adj acent to a seal; and surface texturing the sealing
betwegnf e WO0yF oftthgesusfaed. i ng system wherein surface
texturing conprises exposing the sealing surface to a
shot peening treatnment wherein the surface is
bonbarded at a first intensity |level by first smal
spherical nedia of a first average size. 34. The
met hod of claim 33 wherein surface texturing further
conpri ses exposing the sealing surface to a subsequent
second shot peening action wherein the surface is
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bonbarded at a second intensity |evel by second snal

spherical nedia of a second average size. 35. The
woreaohott7ef cl ai m 33 wherein the seal i ng surfackCT/ES290%037029

of either a cylindrical or conical sealing surface on

a shaft of the journal bearing system 36. The nethod

of claim33 further including surface texturing a

beari ng surface of the bearing structure, the

texturing of the sealing surface being |lighter than

the surface texturing of .the bearing surface.
33. A method for uildir(:i]g a drill bit, comprisingg

forming a bearing structure having a sealing system including at least one sealing

surface adjacent to a seal; and

surface texturing the sealing surface of the sealing system, wherein surface texturing
comprises exposing the sealing surface to a shot peening treatment wherein the surface is

bombarded at a first intensity level by first small spherical media of a first average size.

34. The method of claim 33 wherein surface texturing further comprises exposing
the sealing surface to 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.

35. The method of claim 33 wherein the sealing surface is one of either a

cylindrical or conical sealing surface on a shaft of the journal bearing system.

36. The method of claim 33 further including surface texturing a bearing surface
of the bearing structure, the texturing of the sealing surface being lighter than the surface

texturing of the bearing surface.
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