PATTERNED TEXTURING OF THE SEAL SURFACE FOR A ROLLER CONE ROCK BIT
CROSS-REFERENCE TO RELATED APPLICATIONS This application is related to United States
Application for Patent No. 12/399,171 filed March 6, 2009 (which claims the benefit of United States
Provisional Application for Patent Serial No. 61/036,762 filed March 14, 2008). The disclosures of each of
the foregoing applications are hereby incorporated by reference. IECHNICAL FIELD OF THE INVENTION
The present invention relates generally to earth boring bits, and more particularly to roller cone rock bits.
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Serial No. 61/036,762 filed March 14, 2008). Thischbsures of each of the foregoing

applications are hereby incorporated by reference.

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to eartingdits, and more particularly to roller

cone rock bits.

BACKGROUND

A roller cone rock bit is a preferred cutting taeded in oil, gas, and mining fields to
break through the earth formation to shape a weteb Load and motion of the bit are
transferred to the bearings inside three head and assemblies. The main journal bearing is
composed of the head (as the shaft), the bushimjthee cone (as the housing). This bearing is
lubricated and sealed. An outer circumferencenefdeal is compressed by a gland of the cone
so that the seal moves together with the cone kaessagainst the head (at a sealing surface or

seal boss on the head/shaft) on the inner circenéer of the seal. The seal is thus confined in



A roller cone rock bit is a preferred 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. 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 igeasparepasd kysealradd srkent warknRisBarpahmprevdRoediriswidhiheveRiegntosiittes

against the head (at a sealing surface or seal boss on the head/shaft) on the inner circumference of the

seal. Thepeeaing.thra&qpiged iRetie Aeakdldnssie seeintiatiifieapburing) the heajaotaBdoriaveg!t

debris from invading into the bearing. The longer the seal excludes contamination from the bearing, the
longer thgrbearngdilerel ieseiees che sesbarnthespnieieer daMtBr fdhe rock bit life.  An elastomer
seal is known in the prior art as the dominant sealing element in rock bits. Various types of elastomer
seals have been developed. The seal is very flexible, and is compatible with the drilling mud. The seal
has excellent resiheriastatrefatvalyshigiovemipeizupesr Enuasttmrsaahbhas alingesldmbatsuaffiosabits.
provide enough sealing force to separate the mud and debris environment from the lubricant over an
acceptabl@apeusdigpémef eladtmrevesdattidabetbeen thesEapéhd seddcss vétyefleedliglanddsshe
cone rotates can cause damage to the seal itself. Over time, this damage accumulates to the point where
the seal iteeifdatibld-olgivirngeedtifigrentite bedheg seqlelascedaneassienvatian irethevedntdeghone
due to loss of lubricant in the bearing system. Thereafter, excessive wear appears on the bearing system
surfaces wneperasheasng HmashdehéngecdUsas! pyoskding fhetient Thepeovd desatiosigypisadirardarag to
scuffing, and even catastrophic failure like galling or seizure. It is thus imperative that lubrication be
retained bepacgtie tbhatsntdraadatbssréaneafibatjinomdbicanigyd antactiegtabbd |[erisdroigior@ical to
maintaining bit life. One way to extend seal 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 necd3euEVal tidctiGmARtYEIRN Heeeed tdssiasebdied! lerdoAsHE ¢ lePRes(RTALRS ¢an
order to reduce the friction. Thus, there is a need in the art to introduce more lubricant in the sealing zone.
Referencedidsalienagel GUREe ieﬁhit?rﬂflué?r\éﬂéél@%a@@@ﬁr@k@h@%&?ﬁlé@vtbﬁd)@)ﬁkmﬂef% Aéabck
bit. FIGURE 1 more specifically illustrates one head and cone assembly. The general configuration and
operatioriteeldaisa BioiowEIkpedfadu dae lpad REBesi aRCERDVARTR SHY RihibedNA eRBEaEZONe

detail.
due to loss of lubricant in the bearing systemer€&hfter, excessive wear appears on the bearing

system surfaces due to shearing and heating cawsesliding friction. The end result is
typically scoring, scuffing, and even catastropfadure like galling or seizure. It is thus
imperative that lubrication be retained betweentacninterface surfaces of the journal bearing.

Maintaining seal life is thus critical to maintaigi bit life.

One way to extend seal life is to reduce the friicthetween seal and head. Under typical
running conditions, the seal experiences mixedidation. In this lubrication regime, more
lubricant is necessary at the contact point betwieerseal and one or more of the gland surfaces
in order to reduce the friction. Thus, there ise&d in the art to introduce more lubricant in the

sealing zone.



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 beariresbashee TiHisrRusterd F@EREODfghIEiaMRNARREE N WiRlk&RoNDp Tiene kiled in

the art. A number of bearing systems are provided in connection with the journal bearing supporting

rotation Gf/Bie490RP eIt HRK BRATMGERIE 2. MbRSSHAINDISYFIREY dhelydad ARl eyledaisse hiskon

bearing 10 (also referred to as the main journal bearing), ball bearings 12, second cylindrical friction

bearing 1hditgé reaidldbistigirhousthessiae dénasrkseacm Gvadial duigtien tibsestkhrarinad8 art and

FIGURE 2 illustrates a partially broken away view showing an exemplary bearing system and sealing
system ingreriepdeladerihedfirsesirdigagisteiion 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 maidhalbeainbwof ithihebirtinthedballtheabirgsri® stefinfc@tinglasaaeeday 26tdethigd at
the interface between the bearing shaft 2 and cone 3. Reference is once again made to FIGURE 1.
The secqustdinedical thetiorabiegrsttatiRisviefintdbiiaasgatenal/lirdbodlysooftion 30 the thie inelries shaft
2 and an inner cylindrical surface 32 on the cone 3. The outer cylindrical surface 30 is inwardly radially
offset froamtlup perteh r3dideld qad Sinfatos 0 dr betdiostj oati aefrictiiod vdaohddd|istsfinedrizstivee nfthiesfirst
and second cylindrical friction bearings 10 and 12 by a first radial surface 40 on the bearing shaft 2 and a
second radia sudaktstia@fnbestmveny. Fhiubdacahdiysdial Bictiorchetthty I8 aviddjademtatierségomold
cylindrical friction bearing 12 at the axis of rotation for the cone and is defined by a third radial surface 50
on the beatmig &haftardnd, dfeyoihr nadiaé surfade b2cen thmechard] the AsashuyvshiafigPeatdrisisistem 6
FIGURE 2, with respect to the sealing system, an o-ring seal 60 is positioned between cutter cone 3 and
the bearihgshafoafigusatiting s drégms afoyrexath pleg\sircidatosidiedurfdbe adal boss 62, is provided on the
bearing shaft. In the illustrated configuration, this sealing surface provided by the seal boss 62 is
cylindrical and outwardly radially offset (for example, in one implementation by about the thickness of the
bushing 24) frorf} tREBRRYT &f1iREAEAS FYSERMD) 8feh8TMECRIE iGN GRMMIUD. H&iIDEIRdERASHE that
the sealing surface (of the seal boss 62 for example) could exhibit no offset with respect to the main
journal bEHRRGrENELEE2 R HEfiNfataYe airlIgub ket fraaEled. Adsse AR indiNBenndeesiderthtiithe
sealing surface 62 need not be cylindrical but rather may be conical if desired. An annular groove is
formed irfyiaddFR! Frigigefineanassdd (Merl wierae Podire BANSOATAG! serrideNsAlbHSABRYaIkR with
each other when the cutting cone 3 is rotatably positioned on the bearing shaft to define the gland 64
region. TRRCOMMG WM ée|fidehieprbessinactde birstHaldiagtier ((orshelnarn b4 Gadehaese thaaslidace
(seal boss 62), and functions to retain lubricant in the bearing area around the bearing systems and
prevents YNBSS (BRRIPMEd and debris) in the well bore from entering into the bearing area. In a
conventional prior art implementation, the seal boss 62 surface is a machined or polished surface.
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typically made of beryllium copper, although the ws other materials is known in the art. The
ball bearings 12 ride in an annular raceway 26neefiat the interface between the bearing shaft

2 and cone 3.



The seal is designed to withstand a high pressure in downhole drilling applications. That high pressure,
together with a designed high compression rate of the seal in gland, compresses the seal tightly against
the seal boss 62. The lubricant which is present 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 againgidiesaal RO8H @O A Gl ae-aReyT ICfation hepbisasataied: fHasdn Gkaringad 45

known to be the root cause of seal failure. It is accordingly desirable to introduce more lubricant

underneaghdbarkadlb§ugh asien biginaataPss Baceudaced weannetharastidingraland mntace)linuatigr to

reduce friction and carry away heat. SUMMARY To address issues of grease starvation and possible

seal failuggyfhisedesitad tieinerass theharsouwt efiinbricarsR B ibe araipteaaes i dFequiigeetaentact

zones of the sealing system. 5 In an effort to introduce more lubricant into these surface contact zones,

the surfaggianegdraahy:isingsealiog systemsties exprpicheanhglandisuénees) imedfiendranithad

conventional machined or polished surfaces of the prior art. In an embodiment, a patterned surface

texture issiegeritlegtingretaraidyom hearsegs desa sy mengeistitngeirthessasl et hegrihg sealtng

system for the roller cone rock bit. The patterned surface texturing functions to retain additional lubricant

and is thusbelpfetintedadrifiiciirtatdhesetie corld 3.R@bRfedAdiplemersationaing si8frcadpidore
comprises a plurality of non-overlapping dimples or other reservoir-like like structures (texture features)

arrangedthe dgsitg patiedricudiapa rReaiina 2 aiatis Pastativnd prov deha anexr Rt st ayairay).
Each dimple behaves as a lubricant reservoir which can hold more lubricant at the seal surface than if the

seal surfagedversiisuiacedsouwithe pishes snantharmdseativpicallstieatedssugiacey asietBe prior art.
Preferably, the included dimples have a uniform size and shape.

As shown in greater detail in FIGURE 2, with redpecthe sealing system, an o-ring
seal 60 is positioned between cutter cone 3 andofaging shaft 2. A sealing surface, for
example, a cylindrical surface seal boss 62, ividenl on the bearing shaft. In the illustrated
configuration, this sealing surface provided by #Heal boss 62 is cylindrical and outwardly
radially offset (for example, in one implementatioy about the thickness of the bushing 24)
from the outer cylindrical surface 20 of the fifgttion bearing 10. It will be understood that
the sealing surface (of the seal boss 62 for ex@mgauld exhibit no offset with respect to the
main journal bearing surface, or be inwardly rddiaffset, if desired. Additionally, it will be
understood that the sealing surface 62 need natylwedrical but rather may be conical if
desired. An annular groove is formed in the cone 8efine the seal gland 64. The groove and
sealing surface (seal boss 62) align with eachrotitgen the cutting cone 3 is rotatably
positioned on the bearing shaft to define the gladhdegion. The o-ring seal 60 is compressed

between the surface(s) of the gland 64 and thengealirface (seal boss 62), and functions to

retain lubricant in the bearing area around theribgasystems and prevents any materials



In an embodiment, a regular pattern of surface texture features is employed to modify the topography of
one or more sliding surfaces (radial, conical or cylindrical) of the sealing system for a rock bit. The surface
texture features assist in permeating lubrication into inter-space or metal asperities. In addition, higher
hydrodynamic pressure is generated in the area of the surface texture features. The non-overlapping

individua|giifagariautaraiigabrisy iarthariaeao ee reniiom Wil thay tRe o daarRpHara. (e ReleEhtlaianay
be used is an array pattern. Another pattern that may be used is an offset array pattern. In the context of

the presesfidpeniinpichrnggioh hedewal'petsey seitsaspeciivrily 4¢ ponend@rdemmcarrangement of the
non-overlapping surface texture features. A regular or repeating pattern would comprise an example of

the non-random arrangement of individual surface texture features in accordance with the invention. In
this context, theljgeitein ah@rgsariagt syshensudangpieotiee atbotier@yeaiatalcingradchigdrothreaneqinner
or outer) of the sealing surface. An individual surface texture feature may have any desired plan
geometriprasapes Hdwévieg rirsu laroeide biptre ah ehiise Telie ir éfietied . baayiggna0sis@oesdseghinakical
triangular, square, pentagonal, hexagonal, etc., may alternatively be selected. The individual surface
texture fdatiies bemringvida il tfadieddinctifvorb Sata 18D @ mii ecen d hadikhinetsrro beddihgol hbehdesdual
surface texture features may range from 15 to 1000 microns. The density of the textured (dimpled)
surface diea,\deined aditttricarface asehiadf shefaoes ovsiigppysideantired themoastves ditadeetbinthiegotal
area where that patterned texturing is provided, must be controlled. As feature (dimple) density increases,
the contdutaneg sysieraroththsecd apdabeeslidaa) 6§6ahsinéagid. isTreauledntidacontd clrayela (i cades ¢oe
below a critical amount, due to increased feature density, there is an increase in interface contact
pressurebeldichgreystesyltintiadsease)idear dimsaiteicd thiehpis senteeos adadésn af |theri saat) gldnd, 6dis
preferred that the density of textured (dimpled) surface area be controlled to a range from 3-60%. The
occupieditsetfaepdespetialyHas seatnesustiataceuctamehldtosssGAasurtangs frah&480%4n inbewigg
preferred that the occupied surface are be relatively high. As a specific example, the surface texture

features thay conmpessedrseadtbQy patsdideobtng obverlapplimpdienfles éxanepl @nshel shossecwithuder
array or offset array configuration. Each dimple has a generally round plan geometric shape with a depth

selected bdindrgraPouda@®) as the cone 3 and seal 6Gedtmether.

The seal is designed to withstand a high pressudewnhole drilling applications. That
high pressure, together with a designed high cosspa rate of the seal in gland, compresses
the seal tightly against the seal boss 62. Thedabt which is present in the sealing zone at the
seal boss surface provides lubrication to the @edltakes away friction heat. In the case where
the seal is not well lubricated, it slides dry agaithe seal boss and a large amount of friction
heat is generated. This friction heat is knownb# the root cause of seal failure. It is
accordingly desirable to introduce more lubricamierneath the seal, such as on the seal boss 62

surface (or any other sliding gland surface), teorto reduce friction and carry away heat.
SUMMARY

To address issues of grease starvation and posshldfailure, it is desired to increase
the amount of lubricant that can be maintainedh@durface contact zones of the sealing system.

5



microns and a diameter selected between 100 to 200 microns. The surface area where the dimples are
formed is about 100% of the functional surface area of the sliding seal. The density of the dimpled surface
area, defined as the surface area of the dimples themselves divided by the total area where patterned
texturing is provided, is about 15-20%. Although it is preferred to include the patterned surface texture

about theCiseHBHEFE S tnaloiecelifiBecSRArRIEIMGAISiHughae b Mageal mes siyliniges s8fagraphine

seal and gland location, it is further understood that the patterned surface texture may be used on other

surfaces of the s iBlgngy nehicing nowsiisling suafagrmdasial s fasssiiedindsinatisartseanereanical
surfaces. The patterned surface texturing as described herein creates a pattern of reservoir-like

features, rpaehine divrpeRsEsERICEWE BidTanes &t the sealing system. With reference once again
made to FIGURE 2, the textured surface in the sealing system in accordance with embodiments

described herein is preferably the seal boss 62 surface. It will be understood, however, that depending on
the configuratiomchtherglaodiridnyree patteone o thenf scef s e Exnmied, \pibfeefblngrintbglseal dods
compressing the seal 60 could have a surface texturing as well. Thus, any desired surface, including
cylindricatyioditad st fleanbah s tintaces| dbtatighand Gdatisen Systira Joalihg sgHeencmon i dbpldsessTae
surface texturing. Furthermore, any combination of textured surfaces, with untextured surfaces, may be
used in tipatealsd) sydea. texturirey dumglesnst th o ctarfaeitdeiubncane randk ia s huisribaltfok $e rvedsoarhich
permeate the lubrication into the inter-space of metal asperities. Meanwhile, higher hydrodynamic
pressurefigctjioneatitbd seahe dimple area. Both functions will facilitate an improvement in sealing system
lubrication with a reduction in friction. Embodiments herein utilize any one or more of a variety of
methods to create the patterned surface texturing including: machining, chemical etching, laser texturing,
deep rolling, vibliatcry PisiEHies dropEorersRisinty tiifskirgecdextesmmrEgesaraa pmbly stfe n@mple
depth, and dimple shape are the factors which determine which method is selected to form the texturing.
BRIEF DeEUrRMNONIOHaHE pHswrpsesoir-like likeustures (texture features) arranged in desired
pattern (such as a repeating or regular patterpr@gded, for example, in an array). Each
dimple behaves as a lubricant reservoir which ecad more lubricant at the seal surface than if
the seal surface were simply a ground or polisleedtherwise typically treated surface) as in

the prior art. Preferably, the included dimpleséna uniform size and shape.

In an embodiment, a regular pattern of surfaceutexfeatures is employed to modify the
topography of one or more sliding surfaces (radiahical or cylindrical) of the sealing system
for a rock bit. The surface texture features a&ssipermeating lubrication into inter-space or
metal asperities. In addition, higher hydrodynamiessure is generated in the area of the

surface texture features.

The non-overlapping individual surface texture deae$ are arranged on the sealing
surface in a pattern. One pattern that may be issad array pattern. Another pattern that may
be used is an offset array pattern. In the coméxhe present invention, the use of the term
“pattern” refers specifically to a non-random agament of the non-overlapping surface texture

6



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; and FIGURES 3A-3E illustrate exemplary patterns of
surface texture features. DETAILED DESCRIPTION OF THE DRAWINGS Surface texturing is

employedigriineslify ertRearaphyGdeamer Raterbuiirnes (tadiR errisahasieybdiital gseiedsrhthe

sealing system for a roller cone rock bit. The surface texturing produces a patterned dimpled surface,

wherein egaedhgisnidarspingiReglibenal iukecesilripfebitiresbestadresonith theebpiegripnandrmird

lubrication regimes. Surface coverage area for the dimpled texture may be between 3-100%, but more

preferablysientd @xcepe&farfapifeniefarabihbehefaasiie #e-207esarghexe ansig R ¢fietabiferpnceach

or reach approximately 100%. The density of the dimpled surface area, defined as the surface area of the
dimples (inner or outer) of the sealing surface.
An individual surface texture feature may have algsired plan geometric shape.
However, circular or elliptical shapes are preférr®olygonal shapes, such as triangular, square,

pentagonal, hexagonal, etc., may alternativelyabecsed.

The individual surface texture features may hadefth ranging from 3 to 300 microns.
The diameter or width of the individual surfacetteg features may range from 15 to 1000

microns.

The density of the textured (dimpled) surface agefined as the surface area of the non-
overlapping features themselves divided by thel tatea where that patterned texturing is
provided, must be controlled. As feature (dimplepsity increases, the contact area between the
seal and the sliding seal surface is reduced.oifact area is reduced below a critical amount,
due to increased feature density, there is an agerén interface contact pressure which may
result in increased wear (in spite of the presefcadditional lubricant). Thus, it is preferred
that the density of textured (dimpled) surface dveacontrolled to a range from 3-60%. The
occupied surface area which has patterned suréater¢ features may range from 3-100%, it

being preferred that the occupied surface arelagwely high.

As a specific example, the surface texture featorag comprise a repeating pattern of
non-overlapping dimples formed on the surface aitharray or offset array configuration. Each
dimple has a generally round plan geometric shajpe & depth selected between 20 to 30

7



themselves divided by the total area where patterned texturing is provided, is between 3-60%, but more
preferably should be about 15-20%. With reference to FIGURE 2, the textured surfaces in the sealing
system to which this patterned surface texturing is applied preferably comprise any surface having sliding
contact with the seal 60 as the cone rotates. This would include one or more surfaces of the gland 64.

More spegitiegHy, druorldipineast iReledecineeaabbAss(? BifdEsnaNY PRNBlReS afeRtiererd the

textured surfaces with desired untextured surfaces may alternatively be used. While FIGURE 2

illustratesiingplescarb MHRHIER 50NN 6UYROEIRSEAGERIAATR BRAATHIN aillijasshb4THE BRIty

patterned surface texturing being applied to the cylindrical seal boss 62 surface, the patterned surface

texturing ghayeadigitinea Bl applied, tacthed slaneosomesios fivs iempealifgesstare Surlidsdthgsee

illustrated in FIGURES 2A-2C. It will be noted that these alternative gland geometries exploit conical
surfaces tHp4) ireanmestioparienibe asalifasysigovies&iiber ope0lgr both of the shaft and cone side of
the seal). Thus, any conical surface 100 or cylindrical surface 102 associated with the seal and
functioning as a sealing surface against which the seal 60 slides or rides or touches as the cone rotates is
a suitable candidéteofaghekisrpgfdinedadialdudades Jadtefiad atanth xbspre aiadytifthieeyirnakderentsct
with the seal, may also be textured. The dimples of the surface texturing behave as lubricant
reservoirsiwhilsipting estal tharfalbaslt suoitastenshatmeed mdiat aspeatidack edriivike diigher gland
hydrodynamic pressure is generated on the dimple area. Both functions will facilitate an improvement in
sealing alodatrdrearirsgfsstbienuhdeistdiaoh that theypatkeisuriace tédwaristgyobmeatentiscathes sgHddes
create the dimpled surface texturing including: machining, chemical etching, laser texturing, deep rolling,
vibratory diniskisgattatdninol ladiitigyn anikiminiy , cotigesiaragdares, dytmulke Gt sudiagee degtbonicdl
dimple shape factors which influence which method is selected for the surface texturing process. The
dimpled surfacesexture is non-random and exhibits a pattern. The pattern is preferably regular and/or
repeating. Preferably, the individual features included in the pattern exhibit a uniform size and shape. The
pattern presented by the individual features repeats along a circumference (inner or outer) of the sealing
surface to whichT i patieriad suisfree texiHentiors, daspdredubrBIalRe RA1aHE tAE [RERSVPIRDKS not
overlap with any other individual texture feature. FIGURES 3A-3E illustrate portions of exemplary
patterns RUFRBESKIUAS RAMIES, AR&BaHYSBIITE R BiRtER FealnRg S YStRTHorVER s RiREPSIREPRNIRe
individual surface texture features may have a depth ranging from 3 to 300 microns. The diameter or
width of thaaidiviadsl $arfaeWBkurd fé2euiextHiad raHgasa i SRRYNYCYYAiRifors. AGKANBaNGed&YEtbod
that the portions illustrated in FIGURES 3A-3E repeat along a circumference (inner or outer) of the
sealing sBFRQE iR AHR KBRS PR rAgEeap dclr aiesaitt iRt RaRbe GbiRkIdMsS wilh W diectinsiestaas,
sliding movement of sealing surface against the seal). FIGURE 3A shows an array pattern of features,
wherein SaveNaiiufBaadepeneingr praritd nfiodeton 38 ek 6k LR PhatiBRTOIIHRLEY AR ein
each feature has an elliptical (or oval) plan shape. FIGURE 3C shows an offset array Pattern of features
(also ref@?é@@@@ﬁ’éb@giﬁfﬁl'ﬁgréﬂw %@%ﬁﬂ@%@%ﬁ%ﬁ%@&ﬂﬁw&w Bapll 1Re6 IREUBR0sABWS
an offset array pattern of features (also referred to as hexagonal array), wherein each feature has an
elliptical WSH- SI%}SLS By tesimd sﬂ#ﬂm%'n'%‘ﬁﬂ@ﬂatfé’r‘ipélﬂ feaficak anfdrdirbaeHaestirefihe ghand

elliptical %)r oval) Plan shape, . o
4 area for the sealing system could possess acsuréxturing. Furthermore, any combination

of textured surfaces, with untextured surfaces, beaysed in the sealing system.

The dimples of the surface texturing behave asdaht reservoirs which permeate the
lubrication into the inter-space of metal aspesitideanwhile, higher hydrodynamic pressure is
generated on the dimple area. Both functions fadilitate an improvement in sealing system

lubrication with a reduction in friction.



and the orientation of each feature is set at about 450. The orientation angle of 45 is exemplary only, and
the angle may be selected at any desired value between 00 and 90. Although not specifically illustrated in
FIGURES 3A-3E, it will be understood that polygonal shapes, such as triangular, square, pentagonal,

hexagonal, etc., may alternatively be selected for the surface texture features. In summary, a surface

textured sealingesyigiedinie RS Seve fatiltse iang realke bir hirdigligsmrefafieatbas eHecPeadthe
surfaces of interest in connection with the sealing system (for example, the seal boss or other sliding

surface WiHite?RBECSIPFake $elrinGafinalRg:NAvIAMARRIcane BikingUkeR (Rekern g T BeciTolnsy,

preferably have a uniform size. The surface texturing is provided over the surface of interest (for example

with a coypyiegerof fasneR)) etd 0080 atriIRBIIHACEnFOEYN@EsPrewiaklyatdeas! MvpRf Kiesudiagsk The

density of the dimpled surface area, defined as the surface area of the dimples themselves divided by the

total areajeferepritaNMpleleraatie RFVIdRIS REiveaibRERPch uhaue6e pseterablidstationilfre20%.

The dimples work as reservoirs to constrain more lubricant in the surface contact zone. Hydrodynamic
pressuretigx@@iggated in the dimple area and the seal friction is reduced. Correspondingly, the sealing
working condition is improved. Embodiments of the invention have been described and illustrated
above. The invention is not limited to the disclosed embodiments. WHAT IS CLAIMED IS: 1.A
sealing spsRdakfDESOEIRTGONaOBCkH , RBAY/IBIGH

FIGURE 1 illustrates a partially broken away viefxadypical roller cone rock bit;

FIGURE 2 illustrates of a partially broken awaywief another typical roller cone rock

bit;
FIGURES 2A-2C illustrate other geometries for disgasystem used in FIGURE 2; and
FIGURES 3A-3E illustrate exemplary patterns of aoef texture features.

DETAILED DESCRIPTION OF THE DRAWINGS

Surface texturing is employed to modify the topg@imaof one or more surfaces (radial,
conical or cylindrical or other) of the sealing ®m for a roller cone rock bit. The surface
texturing produces a patterned dimpled surfacereheach dimple retains additional lubricant
helpful in reducing friction in the boundary andxe lubrication regimes. Surface coverage
area for the dimpled texture may be between 3-10f#bmore preferably should exceed 60%,
more preferably be between 70-90%, and even mafenably approach or reach approximately

100%. The density of the dimpled surface areainddfas the surface area of the dimples



a gland; a shaft; and a seal positioned in the gland and compressed by the gland against the shaft at
a sealing surface on the shatft, wherein the sealing surface includes a surface texturing comprised of a
plurality of non-overlapping surface texture features arranged in a repeating pattern. 2. The sealing
system of claim 1, wherein the repeating pattern is an array pattern. 3. The sealing system of claim 1,

wherein fh@ feRaassdRAteINts ancoféial arey RAkRNpattethelnehser)ipecsysiemisfissaiiadn wheue the

surface texture features have a uniform size and shape.
but more preferably should be about 15-20%.
With reference to FIGURE 2, the textured surfaceshe sealing system to which this
patterned surface texturing is applied preferaldyngrise any surface having sliding contact
with the seal 60 as the cone rotates. This wauttude one or more surfaces of the gland 64.
More specifically, it would at least include theakdoss 62 surface. Any combination of

patterned textured surfaces with desired untextsuetices may alternatively be used.

While FIGURE 2 illustrates the use of cylindricaating surfaces associated with the
boss 62 and gland 64, with the patterned surfadertag being applied to the cylindrical seal
boss 62 surface, the patterned surface texturing adalitionally be applied to other gland
geometries for the sealing system such as thassrdited in FIGURES 2A-2C. It will be noted
that these alternative gland geometries exploiticansurfaces 100 in connection with the
sealing system (on either one of or both of thdtsral cone side of the seal). Thus, any conical
surface 100 or cylindrical surface 102 associatéth Whe seal and functioning as a sealing
surface against which the seal 60 slides or ridetoaches as the cone rotates is a suitable
candidate for texturing. The radial surfaces 104he gland, especially if they make contact

with the seal, may also be textured.

The dimples of the surface texturing behave asdaht reservoirs which permeate the
lubrication into inter-space of metal asperitieBleanwhile, higher hydrodynamic pressure is
generated on the dimple area. Both functions fadilitate an improvement in sealing and/or

bearing system lubrication.
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5. The sealing system of claim 1, wherein surface texture features comprise dimples. 6. The sealing
system of claim 5, wherein the dimples have a circular plan shape. 7. The sealing system of claim 5,
wherein the dimples have an elliptical plan shape. 13 uniform size and shape, and a depth of between 3
and 3000 microns. 9. The sealing system of claim 8, wherein the depth is 20-30 microns. 10. The

sealing system pfladimel owhgnedn dheasvsifes textHietiRrisreah e agddifoste SiFe andSlearsuAate
width or diameter of 15-1000 microns.
texturing including: machining, chemical etchingsér texturing, deep rolling, vibratory
finishing, etc. Controllability, uniformity, costoverage area, dimple size, dimple depth, and

dimple shape factors which influence which mettsosalected for the surface texturing process.

The dimpled surface texture is non-random and eéshid pattern. The pattern is
preferably regular and/or repeating. Preferalilg, individual features included in the pattern
exhibit a uniform size and shape. The patterngmiesl by the individual features repeats along
a circumference (inner or outer) of the sealingfas to which the pattern is applied.
Furthermore, an individual texture feature in thettgrn does not overlap with any other

individual texture feature.

FIGURES 3A-3E llustrate portions of exemplary patis of surface texture features,
where those included features have a uniform sk shape. The individual surface texture
features may have a depth ranging from 3 to 300angc The diameter or width of the
individual surface texture features may range frinto 1000 microns. It will be understood
that the portions illustrated in FIGURES 3A-3E rapalong a circumference (inner or outer) of
the sealing surface to which the pattern is applide circumference coinciding with the
direction of the sliding movement of sealing suefagainst the seal). FIGURE 3A shows an
array pattern of features, wherein each featureah@ecular plan shape. FIGURE 3B shows an
array pattern of features, wherein each featurehadliptical (or oval) plan shape. FIGURE 3C
shows an offset array pattern of features (alserredl to as hexagonal array), wherein each
feature has a circular plan shape. FIGURE 3D shanvsffset array pattern of features (also
referred to as hexagonal array), wherein each fedtas an elliptical plan shape. FIGURE 3E

shows an array pattern of features, wherein eaaturie has an elliptical (or oval) plan shape,
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11. The sealing system of claim 10, wherein the width or diameter is 100-200 microns. 12. The
sealing system of claim 1, wherein a density of textured surface area for the surface texture features is
between 3-60%. 13. The sealing system of claim 12, wherein the density of textured surface area is
15- 20%. 14. The sealing system of claim 1, wherein a percentage of the sealing surface covered with

surface texgy ftﬁée@ﬁiéftﬂ&ﬂ@ﬁ'éﬂé%h feal@reTBGsé@%H%SM‘@tﬂﬁé ridntanida, avfgqaéem AE pREAplAge is
greater than 60%. 16. The sealing system of claim 15, wherein the percentage is about 100%. 14
only, and the angle may be selected at any desmkee between Dand 90. Although not
specifically illustrated in FIGURES 3A-3E, it witle understood that polygonal shapes, such as
triangular, square, pentagonal, hexagonal, etcy, ali@rnatively be selected for the surface

texture features.

In summary, a surface textured sealing systemasgmted for use in a rock bit. Tiny
dimples are formed on one or more surfaces ofaesten connection with the sealing system (for
example, the seal boss or other sliding surfack es$pect to the seal). The dimples have a non-
random distribution (pattern). The dimples prelfigyahave a uniform size. The surface
texturing is provided over the surface of interdst example with a coverage of between 3-
100% of the surface, and more preferably at le@% ®f the surface). The density of the
dimpled surface area, defined as the surface dréee @imples themselves divided by the total
area where patterned texturing is provided, is betw3-60%, but more preferably is about 15-
20%. The dimples work as reservoirs to constraimemubricant in the surface contact zone.
Hydrodynamic pressure is generated in the dimpka aand the seal friction is reduced.

Correspondingly, the sealing working conditionngroved.

Embodiments of the invention have been describeldilrstrated above. The invention

is not limited to the disclosed embodiments.
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of the shaft.

18. The sealing system of claim 1, wherein the sealing surface is a conical surface of the

shatft. 19. Apparatus, comprising: a shaft including a first seal surface; a roller cone having an annular
gland including a second seal surface; wherein the roller cone is rotatably mounted to the shaft such
that the gland aligns with the first seal surface;

WHAT IS CLAIMED IS:

1. A sealing system for a bearing of a rock bimpasing:
a gland;
a shaft; and

a seal positioned in the gland and compresseddyglind against the shaft at a sealing

surface on the shaft,

wherein the sealing surface includes a surfaceitiext comprised of a plurality of non-

overlapping surface texture features arranged@paating pattern.

2. The sealing system of claim 1, wherein the repggattern is an array pattern.

3. The sealing system of claim 1, wherein the repggattern is an offset array
pattern.

4, The sealing system of claim 1, wherein the sarféexture features have a

uniform size and shape.

5. The sealing system of claim 1, wherein surfagéure features comprise dimples.
6. The sealing system of claim 5, wherein the dasglave a circular plan shape.
7. The sealing system of claim 5, wherein the dasplave an elliptical plan shape.

13



a seal ring compressed between the first and second seal surfaces within the seal gland; and wherein
at least one of the first and second seal surfaces includes a surface texturing comprised of a plurality of
non-overlapping surface texture features arranged in a pattern which repeats along a circumference of
the at least one of the first and second seal surfaces. 20. The apparatus of claim 19, wherein the first

seal surface inciyides thesusiesmigxéysnthanst BRirstiSeahsiERCcans asayliadtiodl JeHARes hagéd. dhe
apparatus of claim 19, wherein the first seal surface includes the surface texturing and the first seal

surface igjgiepRicarsWRFEhIHEUHRE antbiin seeriflcaaFanmaadronsylindrical surface. 23.The
apparatus of claim 19, wherein the first seal surface includes the surface texturing and the second seal

surface is a conical surface.

9. The sealing system of claim 8, wherein the dep#0-30 microns.

10. The sealing system of claim 1, wherein the am@ftexture features have a

uniform size and shape, and a width or diameté&5e1000 microns.

11. The sealing system of claim 10, wherein thetlwidr diameter is 100-200

microns.

12.  The sealing system of claim 1, wherein a dgrdditextured surface area for the

surface texture features is between 3-60%.

13.  The sealing system of claim 12, wherein thesigf textured surface area is 15-

20%.

14.  The sealing system of claim 1, wherein a pdaggn of the sealing surface

covered with surface texture features is 3-100%.

15.  The sealing system of claim 14, wherein theg@age is greater than 60%.

16.  The sealing system of claim 15, wherein thegmage is about 100%.
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24. The apparatus of claim 19, wherein the repeating pattern is an array pattern. 25. The apparatus of
claim 19, wherein the repeating pattern is an offset array pattern. 26. The apparatus of claim 19,
wherein the surface texture features have a uniform size and shape. 27. Apparatus, comprising: a
shaft including a first seal surface; a roller cone having an annular gland including a second seal surface;
wherein the roller cone is rotatably mounted to the shaft such that the gland aligns with the first seal
surface;

17.  The sealing system of claim 1, wherein theisgaurface is a cylindrical surface

of the shatft.

18.  The sealing system of claim 1, wherein theiisgaurface is a conical surface of

the shatft.

19. Apparatus, comprising:

a shaft including a first seal surface;

a roller cone having an annular gland includinge@osd seal surface;

wherein the roller cone is rotatably mounted to ghaft such that the gland aligns with

the first seal surface;

a seal ring compressed between the first and sesealdsurfaces within the seal gland;

and

wherein at least one of the first and second sedhces includes a surface texturing
comprised of a plurality of non-overlapping surfaegture features arranged in a pattern which

repeats along a circumference of the at least btieedirst and second seal surfaces.

20. The apparatus of claim 19, wherein the firgl ssurface includes the surface

texturing and the first seal surface is a cylinalrgurface.

21. The apparatus of claim 19, wherein the firgl ssurface includes the surface

texturing and the first seal surface is a conicalaxe.
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a seal ring compressed between the first and second seal surfaces within the seal gland; and

wherein at least one of the first and second seal surfaces includes a surface texturing comprised of a
plurality of non-overlapping surface texture features arranged in a non-random pattern extending about a
circumference of the at least one of the first and second seal surfaces. 28.The apparatus of claim 27,
wherein the at least one of the first and second seal surfaces is in sliding contact with the seal ring.

22.  The apparatus of claim 19, wherein the secesadl surface includes the surface

texturing and the second seal surface is a cytatlsurface.

23.  The apparatus of claim 19, wherein the firgl srface includes the surface

texturing and the second seal surface is a cosicéce.

24. The apparatus of claim 19, wherein the repgatattern is an array pattern.

25. The apparatus of claim 19, wherein the repgatattern is an offset array pattern.

26. The apparatus of claim 19, wherein the surtagture features have a uniform

size and shape.

27.  Apparatus, comprising:

a shaft including a first seal surface;

a roller cone having an annular gland includingeosd seal surface;

wherein the roller cone is rotatably mounted to gsheft such that the gland aligns with
the first seal surface;

a seal ring compressed between the first and sesealdsurfaces within the seal gland;

and
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wherein at least one of the first and second sadhces includes a surface texturing
comprised of a plurality of non-overlapping surfdegture features arranged in a non-random

pattern extending about a circumference of theagtlone of the first and second seal surfaces.

28.  The apparatus of claim 27, wherein the at least of the first and second seal

surfaces is in sliding contact with the seal ring.
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