PATENT APPLICATION TEXTURING OF THE SEAL SURFACE FOR A ROLLER CONE ROCK BIT
PRIORITY CLAIM  This application claims die benefit of United States Provisional Application for
Patent Serial No. 61/036,762 filed March 14, 2008, the disclosure of which is hereby incorporated by
reference. TEEHICRT3EIELD OF THE INVENTION  The present inverftiBH 8 §enerally to
earth boring bits, and more particularly to roller cone rock bits. BACKGROUND

PATENT APPLICATION

TEXTURING OF THE SEAL SURFACE FOR A ROLLER CONE ROCK BIT

PRIORITY CLAIM

This application claims the benefit of United States Provisional Application for Patent
Serial No. 61/036,762 filed March 14, 2008, the disclosure of which is hereby incorporated

by reference.
TECHNICAL FIELD OF THE INVENTION

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

roller cone rock bits.
BACKGROUND

A roller cone rock bit 1§ the cutting tool used in o¢il, gas, and mining fields to break
through the ecarth formation to shape a well bore. Load and motion of the bit are transforred
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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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 WitR 3¥#ldtH as 80 percent of the total radial load. The main jBGIHEIWEYPHYZE composed
of the head (as the shatft), 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 bearin d. prevent debris from invading intg the bearing. The longer the seal excludes
contaminatiBW‘f?g@%rSééoé?iﬁﬁ',a 72 |Gy AR B rin iR s rh Breiotb B K8 APREABEWe the limiter

of the rock tblifne neAReASRMES aEAlRDNMN IR hepiohalas s dominantacping elementin
rock bits. Various types ogf elastomer seals ﬁ ve been evelope& The seal Is verylﬁexm e, and is
compatible with-tha,dniding mud. The seal has excellent resilience at relatively high temperatures.
Thus, the seal has proved to be sufficient to provide enough sealing force to separate the mud and
debris environment from the lubricant over an acceptable period of time. However, friction
between the seal AficFatiffagescal hkngwal iglaNcPae e dhe ¢omirestcarlieagbmeniateko the seal
itself Over tig]{e, his dama?%eggccumulates to the point where the seal itself fails. Following seal failure,
e

the bearing IR S BYe 5 8 YRR SH AR EB S 9Bk ddR S5 o5EeBF IsihidPfhithe bearing
system. Thelgaflen xaaPshe il apagarapo (e BeUnd suateistfaces iR If sfiegring and

heating caused by sliding friction. The end result Is typically scoring, scutfing, and even catastrophic

failure like galipg-eiseizrie. hisdmnimperaliverhaltuhicadonbrreiainad behuasn centact interface

surfaces of the journal bearing. Maintaining seal life is thus critical to maintaining bit life. One way
to extend seapidifgeisito radusd therrictiondnetweénsent anditeadyéd ndesctypiasb rpaiidgionditions,
the seal experiences mixed lubrication. In this lubrication regime, more lubricant is necessary at the
contact poirft'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.

However, friction between the seal and surfaces of the seal gland as the cone 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 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 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

Tubnicant m the sealing zone.



Reference is made to FIGURE 1 which illustrates a partially broken away view of a typical roller cone
rock bit. FIGURE 1 more specifically illustrates one head and cone assembly. The general
configuration and operation of such a bit is well known to those skilled in the art. The head 1 of the
bit includes & B¥aRMEhaft 2. A cutting cone 3 is rotatably positioned oR¢RE&'BRA A EHaft 2 which
functions as a journal. A body portion of the bit includes an upper threaded portion forming a tool joint
connection 4 which facilitates connection of the bit to a drill string (not shown). A lubrication system 6
is included to provide lubrication to, and retain lubricant in, the journal bearing between the cone 3 and
the bearing shaft 2. This system 6 has a configuration and.operation well known to those skilled in the
art. A number of hearing systems are provided in connection with the journal bearing supporting

rotation of the cont S EREUEFE%BLRAvg Shar I idieBEsiAgLashelsitae a wEclindrical
friction bearj fer a inj | bear] rein),. ball bearings 12, second
cylindrical fr%gﬁjgjﬁ\pé(gfr]?n%%f4r,5%gs%qrtamgﬁr% tg}rﬁs? eﬁégﬁ%% %%%?r%ssg%eo%aarag?gl $Piction (thrust)

bearing 18. asscifR R dinistiatesidpatia iy Depkam anaysviaw efRIGHR Rlshowing the bearing
system and sealing system in greater detail. The first cylindrical friction bearing 10 is defined by an
outer cylindsicdiksirfaeer20 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 kngwn in the art. The ball bearings 12 ride in
an annular racewa ‘i%eag‘i}f %%? e AR RO RTINS HE beatirfy URRAD AR ¥ Y The second

st 30 aHisl,ayiodrical s face 40 Rdle Beaiing shaft 2 and

cylindrical frigian Reaingcl g5 e ing, sha
an inner cylindrical surface 32 on the cone 3. The outer cylindrical surface 30 Is inwardly radially offset

from the outgrieylindrcaipsyiacei29 phha firgtradiakitgtiopheainedtds Aefinad hsiween the first and
second cylindrical friction bearings 10 and 12 by a first radial surface 40 on the bearing shaft 2 and a

second radiabsufaoe 4 2herbihe cofrdiZtmine(secananadial frintiorndearite 18iisiadjsieent the second
cylindrical friction bearing 12 at the axis of rotation for the cone and is defined by a third radial surface
50 on the b@&Rid SHaftPed. 476 i Biagay ifadee SRoal fhrardsre®reen the cone 3 and the

bearing shaft 2, This system 6 has a configuration and operation well known to those skilled

in the art.

A number of bearing systems are provided in connection with the journal bearing
supporting rotation of the cone 3 about the bearing shaft 2. These bearing systems include a
first cylindrical friction bearing 10 (also referred to as the main journal bearing herein), ball
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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With respect to the sealing system, an 0-ring seal 60 is positioned between cutter cone 3 and the
bearing shaft 2. A sealing surface, for example, a cylindrical surface seal boss 62, is provided on the
bearing shatft. In the illustrated configuration, this sealing surface provided by the seal boss 62 is

- cylindrical antPottfiR/Akily radially offset (by the thickness of the bushing 28§ HERIM&S1988r 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 grooyve and sealirégégurface (seal boss 62) align with each, other when the cutting

cone 3 is roBtABIBESHEESEOR RS DERh S BEH RS iihe TAE Tamt e PadisAl siHacs 4ing seal 60 is
compressedogqﬁ\évgg% the stir fgqg(%g;; h&.oland 84 @“!qdiﬁ%%rﬁ%alr%%ﬁ yriacs @%ﬁ‘ltgg $ug2) and
|

functions to retain lubricant in the béaring area around the bearing systems and prevents any
materials (dgilingraudad.deprishdhihewel bisiremeRtelng jpladhepeaingArgd-n¢  Load in the
bearing system is supported by both asperity contact and hydrodynamic pressure. Lubricant is
provided in theofidstytiyliridricatfristiendnearingniQ 23ecofidaylindrictddriction e asnd dafirst radial
friction bearing 16 and second radial friction bearing 18 between the implicated cylindrical and radial
surfaces usih@he sgstehiagial gieesntisoretesrneadrd thélivessdonyl spdi@ririvjamhbeetngptéssed seal 60 in

the gland 64. That lubricant not only lubricates the bearing system, but also provides a measure of

lubricant ondHE° Sl AT 8% ik AL ensa IH B4 LRSS EdRI PR 'Sl Srrthe 86 @RS the seal boss
62 surface, jughaspiis ARGl ampIEssed seAlon Jo,shdsalang g sealtasuace (for

n
example, seal boss 62 outer cylindrical surface) as the cone rotates. e seal 1S designed to
withstand a fjigh,pressure in downholc drilling applications. That high pressure, together with a
designed high compression rate of the seal in gland, compresses the seat 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 takeséfbdgshdetioribaeealing thidesnge whegs oS salastivoededivgbriestectorslides dry
against the seal boss and a large amount of friction heat is generated. This friction heat is known to be

the root caus@BrBaAFHaNERERIE 75 AcBiin S s ISP IRtPoaiRe s rufasritahPevidémeath the
seal, such as aa Jigas5APRSR: B2 Surfate fenplielaldinaiand sface 1 gderia gdyce friction
awa%lh Untisual orit%ﬁedb né%%% &rien i

BFO
and carry eat. It Is ndt unusua earin experience grease starvation in these

surface contgctizonas afsthexbeasingasietan Thiscan rasultinacaring. seuffibe.andreyen
catastrophic failure like galling or seizure of the journal bearing. There is accordingly also a need to

retain lubricamthingo@s$itiamtrappeck betindénithe fmpltaedafdidipaseteeytipdricat and sadial surfaces
of the bearing system.

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 1s formed in the cone 3 1o 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.



Reference is made to the following prior art documents: U.S. Patent Nos. 3,839,774 (Oct. 8, 1974),
4,248,485 (Feb. 3, 1981) and 5,485,890 (Jan. 23, 1996): U.S. Publication 2005/0252691 (Nov. 17,
2005); and PCT Publication WO 2007/146276 (Dec. 21, 2007), the disclosures of which are hereby
incorporated'ty 14 I&HEE. SUMMARY  To address issues of grease stAABSHAMTESssIble seal
failure, it is desired to increase the amount of lubricant that can be maintained in the surface contact
zones of the sealing system. In an effort to introduce more lubricant into these surface contact zones,
the surface topography of the sealing system (for example, seal gland surfaces) is modified in the
manner described below. Surface texturing is employed to modify the topography of one or more
surfaces (radial, conical or Cﬁ()lindrical) of the sealin%szstem for a rock bit. Innovative methods and

apparatus are destPEl Wit FES e e S e ralsPE LI ATPREE fexitsfiAb drd e BanEticial effect on

reducing friciel aec RIRIRNY NG RIS T ISR IPalEs ATRIERS AelIGiE G S e Ao Art with
respect to the contiguration and operation of the sealing surfaces. In"accor aﬁfce V\}ﬁ an

embodimentiheSuHaRR tp@omnmaa@fﬁkmp@umgbyﬁ%emarqeéuﬁ@qawﬁ{mg {RxIingstechnology. A

surface texture is introduced, preferably on the seal boss cylindrical surface at the seal location, to the
sealing systermenthie rolistcerteytiskbil Tiesdidacetextusing discloses hereininchudes dimples
which retain additional lubricant and are thus helpful to reduce friction at the seal. Surface texturing
as describedchdredrincisaieasisp evity patie nsedidineglesalon) ontoglmdrédsfatebifthecealing

system. With reference once again made to FIGURES 1 and 2, 6
only lubricates the bearing system, but also provides a measure of lubricant on the surfaces of

the seal gland 64, and especially the sealing surface such as the seal boss 62 surface, that
assists in allowing the compressed seal 60 to slide along the sealing surface (for example, seal

boss 62 outer cylindrical surface) as the cone rotates.

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 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
a3 on the seal boss 62 surface (or other shiding 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 systers. 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.



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
configuration of the gland 64, one or more other surfaces associated with defining the gland and
compressingtHe¥@4rEF tould have a surface texturing as well. Thus, anJ€E&Fa%LFTEze, including
cylindrical, conical and radial surfaces, of the gland 64 area for the sealing system could possess a
surface texturing Further, any combination of textured surfaces, with untextured surfaces, may be
used in the sealing system. To address issues of grease starvation and possible bearing failure, it
is also desired to increase the amount of lubricant that can be maintained in the surface contact zones
of the bearing system. In an effort to introduce more lubricant into these surface contact zones, the

surface tqpograph@ecg?rﬁ?éebléé’?ﬁﬁlﬁ Qe hiesdrenan ?ﬁé“ﬁ:}%fﬁﬁéﬁ'ﬁegﬁﬁﬁg@%e?&ﬁ?ﬁﬁface
texturing is ?&Ql@/e@.}% &%@/&3&%{3&0@%}5 of Qg%%r%gvgrﬁa%g%ﬁﬁgéﬁg%gﬁu%hntdncal) of the

bearing system for a’ro e to heavy load an veloci And'the bushing

of the main gipaned PearingAre insriagiathelaadingside ahtha hearngsysieAnotNis,.

metal-to-metal contact dominates the frictional behavior of the bearing system. The friction coefficient
can normallyiseaech-@uenbith whichge nexates2aormetsfieat 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 hyd IC 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 ondhahushingdobeenalside-aidhothl philisibealing:systemfoidhe aller cone rock
7 .

increase the amount of lubricant that can be maintained in the surface contact zones of the

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

surface topography of the sealing system (for example, seal gland surfaces) is modified in the

manner described below.

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 inchudes 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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bit. The surface texturing disclosed herein includes dimples which retain additional lubricant and are
thus helpful to reduce the friction in the boundary and mixed lubrication regimes. Surface texturing
as described herein creates specially patterned dimples on one or more surfaces of the bearing
system. Reféf@rie&l6Hde again made to FIGURES 1 and 2 for an identifiEafici¥8? B ¢eble textured
surfaces in the bearing system in accordance with embodiments described herein. In one
implementation, the surface texturing is provided on an outer cylindrical surface 20 of the bearing shaft
2 which forms part of the first cylindrical friction bearing 10. In another implementation, the surface
texturing is provided on an inner cylindrical surface 22 of the bushing 24 which has been press fit into

the cone 3 and which forms %f the first cylindrical friction bearing 10. In yet another .
implementaf%nt,e’fﬂléeguqﬂf & T8RSt BBt B HRbY Qegﬁrf’éﬁ%“% SFERB bearing shaft

2 which f°"‘ﬂq%?e%&a%ﬁﬁﬁe%%@%‘és%iE‘P&"a%%' fﬂgsﬁiﬁréié’%?ﬁ{é? 0]%' -ﬂ?&éﬁ&aﬁ%

hfrénapalergneﬁlteation, the
surface texturing is provided on an inner cylindrical surface 32 of the cone Which-forms part of the

second cylingfigal it beaing 84, JR-aReiber ihe eRentatilsitie wﬁ&&%ﬁﬁk%t%mgéﬁdprovided ona
first radial surface 40 of on the bearing shaft 2 which forms part of the first radial friction bearing 16. In
yet another implempntaiignhthedutinceutéxitning isrpravidedrin asseetindiiadjalrsutgiacedd? of the cone
3 which forms pan of the first radial friction bearing 16. In still another implementation, the surface
texturing is Provtdcchilmgisirindieml euwirateng cranlserBeering tbh akie Ghiets formhs pratingf the second
radial friction bearing_18. In yet angther implementation, the surface texturing is ﬁgovided on a fourth

radial surfac& S GPHICRISHE S RRIEH fGHHLSalt B the SetInU A eI DELRAE 18 Any
cpmbinationugg‘e;gu ] J@ES&%&?_ &%’;?tﬂé%geﬁ%f%% galyr\{itgylgl{g}g_xtu_red su_rfaces, may also be u_seo_l. _ The
dimples of the surtace texturing behave as lu ricant reservoirs which permeate the lubrication into the
inter-space of metal asperities. Meanwhile, higher hydrodynamic pressure is generated on the dimple
area. Both functiofis willéacilitate dnirmproueaientin pealisly onbisariigrsyisieastutricatian with a
reduction in friction. The percentage coverage area with respect to the dimples may be the same
or different féemiecsbakmyairfAdebHpbEalit5g Sorfaddainedieth plewremetion ziescdvidrage is the
same, and it is preferred that th% dimples of surface texture cover between 60-100% of the surface of

interest. EvEReATS & Bf8te P26 S RBIeLShBITG HOVSHE HOLRN  BUass o aeE2&0HalE of interest. In

an implemenigon-Jne. dimplss sRVSLaHLsOUAIY. 10030l the gurlacs of pietest: [n,another
implementation, the sealing surface may have a lighter shot peen than the earing surtace. So, the
bearing surfgge.teXxtigrsveragfmab ARt aRapeHaIs-asHescrbrA MeMpUsivaWhile the sealing
surface has a lower texture coverage area. Examples of the lower surface texture coverage include
5-60%. Eribbdiheftbdiereingutiize dme oo bitmore of a variety of methods to create surface
texturing including: machining, chemical etching, laser texturing, deep rolling, vibratory finishing, etc.
Controllability, uniformity, cost, coveraqle area, dimple size, dimple depth, and dimple shape are the

factors which detePtfin® Witeh MERBH 1O SREY Gdc e gtdriftg bushing Qfofsrdraly

implementajign, ShehReenid busad/a creaini.cireles atihesuriacs fRding, Maig specifically.

a two-step shot peening process is used. In accordance with this two-step process, in a first step the

sealing or beaing &istemsudacailadedisaledisnemasedlrenfirstshet Reeaingastioaaivherein the
surface is bombarded at a first intensity level by small spherical media (the "shot") of a first average

size. In a sesondibtepthersanid sealmgorcbearingsyste hreswidcebntitratdckisekpased to a
second shot peening action at

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 roler cone rock
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a second intensity level wherein the surface is bombarded by small spherical media (the "shot") of a
second average size. Preferably, the second intensity level is reduced from the first intensity level.
Preferably, the second average size is smaller than the first average size. In a preferred
implementat®$f 28%EHEtED of the two-step shot peening process is effectWAIEHTPURER a peened
coverage area of between 60-100%. When peened coverage areas of less than 100% are used in
each step, the goal is to achieve a final peened coverage area with respect to the treated surface of at
least 60%, and more specifically 70-90% and even more preferably which approaches or reaches
substantially 100%. It will further be understood that the shot peening process could utilize more
than two se%aratE peening actions, For example, a three-step, four-step, or more-step process could

be used. Each steh WG Brerdiafbny Qi B thtdPs Ral Sraglss e Mt daiir atisifetensity levels.
With respect fg %%'{%%éﬁﬂ%@&%@ Whishimay he sised.orne sealind surface, (may only be
necessary to utilize a single shot peening action to ac levé the desired suriace tgexturmg.

According to an aspect of the present invention, there is provided a rock bit, comprising: a shaft
including a sealingsuistacexant furthierdrietd diegia eylinsdipadibaringsudfdte adjacenktbe sealing
surface; a roller cone having an annular gland; wherein the roller cone is rotatably mounted to the
shaft such tiErererEaeiRA gl beraindisrienitR ehecsesiimgen atatemadrtaHereRfthe asdalifiy surface has

a surface texture comprised_of a plurality of dimples having a random distribution foil Jed by shot
peening in aa?vdge fgrg%ﬁo&cggé"?ﬁsdpmﬁi%xﬁﬂs?‘gﬁﬁsp‘@e'i]?i% REREEVSIE dih LB G Wirface is

ombarced sha st sushleiely WG\ Al IR e I e e 2
intensity level by:sesangemak-hebesicakinesiaff A.3eLANELAYSHATBRZE the first cylindrical
| friction bearing 10. In anothér implementation, the surface texturing is provided on an inner
cylindrical surface 22 of the bushing 24 which has been press fit into the cone 3 and which
forms part of the first cylindrical friction bearing 10. In yet ancther implementation, the
surface texturing is provided on an outer cylindrical surface 30 of the beariﬁg shaft 2 which
forms part of the second cylindrical friction bearing 14. In still another implementation, the
surface texturing is provided on an inner cylindrical surface 32 of the cone 3 w’f;ich.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 implemeﬁtation, 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.



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 3Vfl8f4té3Hn exemplary shot peening impact pattern; FrEUREMME3t#tes, in
cross-section, a surface of interest which has been treated by the shot peening of FIGURE 3 at or
about 100% coverage area,

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

sealing or bearing system lubrication with a reduction in friction,

The percentage coverage area with respect to the dimples may be the same or
different for the sealing surface and bearing surface. In one implementation, the coverage is
the same, and it is preferred that the dimples of surface texture cover between 60-100% of the
surface of interest. Even more preferably, the dimples should cover befween 70-90% of the
surface of interest. In an implementation, the dimples cover substantially 100% of the
surface of interest. Tn another implementation, the sealing surface may have a lighter shot
peen than the bearing surface. So, the bearing surface texture coverage may have the
percentages as described previously, while the sealing surface has a lower texture coverage

area. Examples of the lower surface texture coverage inchide 5-60%.

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

9



FIGURE 5 illustrates, in cross-section, a surface of interest which has been treated by additional shot
peening with a coverage area of less than 100%; FIGURE 6 illustrates an exemplary impact
pattern with respect to execution of the additional shot peening; FIGURES 7, 8 and 9 illustrate, in
cross-section, a surface of interest which has been treated by an additional shot peening process;
FIGURES 10-12 are images illustrating topography comparisons between surfaces that have

subjected {0, & HvarsiRR SO ResRRg PracesTilC KRB duan ipageiusifetion thrdepageaphy of a
regular machined surfaCe; FIGURE 14 is an image illustrating the topography of a two-step shot
peenec"%ﬂﬁ?ﬁ%fafgecond average size. Preferably, the second intensity level is reduced from the

first intensity level. Preferably, the second average size is smaller than the first average size.

In a preferred implementation, each step of the two-step shot peening process is
effectuated to achicve a peened coverage area of between 60-100%. When peened coverage
areas of less than 100% are used in each step, the goal is to achieve a final peened coverage
area with respect to the treated surface of at least 60%, and more specifically 70-90% and

even more preferably which approaches or reaches substantially 100%.

It will further be understood that the shot peening process could utilize more than two
separate peening actions. For example, a three-step, four-step, or more-step process could be
used. Each step would preferably utilize different average sized media and different 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.
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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 a6 fof the dimpled fexiure, alieashwith respectiaa hearing syriace, ghould

exceed at a minimum 60%, more preferably be between 70-90%, and even more preferably approach

or reaCQ%B@fﬁ%i%e%Ji@%@ld%ﬁﬁ%hﬁ%eﬁﬂ% RecRde-RAPALMAY BRHRRLLIN COARAEHAD with.4 sealing

surface. Wit erence to FIGURES 1 and 2, the textured surfaces in the sealing system to which

this surfgge, [RXIHTGSRPRUSH, BrEfRLRbIY, GoMpriss An s ace havingslidingicontagi with dhe seal 60

as the cone rotates. This would include one or more surfaces of the gland 64. More specifically, it

would atlgastinglide iheseRlA0R e SuIfRcaR tl.combinaliop ofihe Jasacg xluegsriaces,

with desired untextured surfaces, may also be used. While FIGURES I and 2 illustrate the use of

cylindrical, sealing Suriaces afsociaiad Wilk.pe pass Ga.fld aland 4., i16:Suifass, texiurng pay be

applied to other geometries for the sealing system such as those illustrated in FIGURES 2a, 2b and

2c. 1t wilif nated ihathese Alteatve Acamelies Sploitannien 2uaes RoanSsiRuMn he

sealing system (on either one of or both of the shaft and cone side of the seal). Thus, any conical or

oyinerioe e Aeaneiaied i iHbRiReAL 200 D CRAING B ABEANID AR ARBIGRY Whih the seal

60 rides as the co es is a suitable candidafe for texturing.

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.
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;
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Reference is once again made to FIGURES | 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 beariftPsH4H34dAd the inner cylindrical surface 22 of the bushing 24 M HAE Been press fit
into the cone 3, these surfaces forming the first cylindrical friction bearing 10 (or main journal bearing).
With respect to the second cylindrical friction bearing 14, surface texturing is provided on one or the
other or both of the outer cylindrical surface 30 of the bearing shaft 2 and the inner cylindrical surface
32 of the cone 3. For the first radial friction bearing 16, surface texturing is provided on one or the

other or both of th éﬁh%ag | surface 40 of the bearing shaft.2 and the second radial surface 42 of the
cone3.  Lastly,f SN A TSR B &r G or8 S iniaed 1eeliaY 18eprEtABEdON one or the

other or botighgglrlgp g&m %gﬁﬁﬁgggt%pa%@%g;a gvgrgheaﬁez and the fourth radial surface 52 of the

cone 3. Any combln ation o oregoing texture sur aces, with desired untextured surfaces, may
also be used. The dimples of the surface texturing behave as lubricant reservoirs which permeate
the lubrication intofiGiEikEfateviimetakaspeatities, Meafwhifdphigheriydiedysamiapiessure is
generated on the dimgle area Both functions will facilitate an improvement in sealing and/or bearing
system lubritdstigenal shot peening with a coverage arca of less than 100%:

FIGURE 6 illustrates an exemplary impact pattern with respect to execution of the

additional shot peening;

FIGURES 7, 8 and 9 illustrate, In cross-section, a surface of interest which has been

treated by an additional shot peening process;

FIGURES 10-12 are images illustrating topography comparisons between surfaces

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 1s an image illustrating the topography of a two-step shot peened surface;

and

FIGURES 15-19 illustrate the beneficial effect on the friction cocfficient 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

I



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 influerf¥8 AT +HEthod is selected for the surface texturing procesBCT/US2pp¥d fIpled surface
texture should be random and with uniform coverage. Preferably, different sized dimples should be
present and should be randomly distributed across the surface. A finished coverage area of
substantially 100% on the surface of interest is preferred at least with respect to the bearing surface. If
the original surface is obliterated entirely by overlapped dimple texturing, then it can be said that 100%
coverage area has been achieved. Additionally, the finished surface texture should lack any sharp

edges. It wilPl5a fRCBgZBpeh &vRvR et bEARfrsRsELivG fgringnieHes covelhgereseat on the -

surface of interest in ess of 60%. or more preferably between 70-90%, a géon up approaching
100%. The g&%ﬁ@%%@%t%’ée 55%%@ %Qa%e%xge%nszga%nﬁb%# neBear éegeﬁ‘rlg 3@5%%1(@ sealing

surface. Allsualiglyoalaies SYUTNG,GA0 biewised angle seRling uiace ar.camRated wih the

bearing surface. As an example, a lighter texturing of 5-60% coverage can be used on the sealing
surface, whiteasirhgaviertexturing 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 peliihGeEenes 1§ ESAHBHIbIc i oo dls etk Brirem dedhassHivng suvRde will have a

modified surfac oqgraph ’gkhis allows. for a machined surface to exist adjacent to a peened
surface). As@ﬁglv&%%ggth%%e%sa ed in‘ sél%dr’{),l %%Eat%?e%oﬁ? o] Sl(%aé%%ﬂea\?v%%? Yﬁ@ﬁr‘ S Which the

surface of aparkis hanbardsddysmaksphericakmediasaliedshot Eash.shpkleauss tiny dimple on

the surface caused by impact. Shot peening is more widely used to create compressive stress so as to

reduce fatigveraekifiospiredsoyithe Mewthatdiny diaptes eregaserated-omshraurtace; shot peening
is employed as described herein for a different purpose in creating a dimpled surface texture which
can constraferagiing iensvicd nifiaie wdnlirgtsearingusul faccontag kisoe (spdnd generate increased
hydrodynamic pressure which better separates the sealing/bearing surfaces. Any one or more of

the surfaces 20, 22,,3 ﬁ% 1& 412, 50,,52 and 62 (or ot erl%lgnd on'ical, radial or cylindrical sliding
; HE U and 21 u%;'%e § Upe of cyimdrical sealing suriaces as ﬁy:atg
surfaces) described above can be subjected to the shot peening treatment. In"a preferr
implementatigi, B wRsteR(d YA ShOtReARING. RIQGESS Isaytlizashon e surfacsisef nterest

the sealing system such as those illustrated in FIGURES 2a, 2b and 2c. Tt 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 18 cnce 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).
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In a first step, shot peening is performed on the surface using a first shot media at a first shot intensity.
The shot peening action of the first step is performed for a first period of time in order to obtain a
desired coverage area. The shot media is preferably cast steel which is an exemplary implementation
has a first av&fed%6i#E'8f 0.028 cm (0.011 inches), and the intensity of tHRCHEEE@IEG007-0.010C
(measured by Almen strip). Alternatively, the shot media is glass bead for softer surfaces such as the
inner cylindrical surface 22 of the first cylindrical friction bearing 10 on the bushing 24 (with an intensity
of the first step being 0.008-0.012N). In an exemplary implementation, the glass media has an average
size of 0.015 cm (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 WHPIFRERELAHBE s59nth SREFHME FEHENGRrERE cHbeB 6V E ¥81 e Fhain journal
bearing, the journal of hardeped steel material has a hardness of HRC. 58-62, while the hushing of
beryllium co fBé‘r“ F?;(smao %?ar{?léesost%]r a %Eﬂ ﬁfé&?%‘éﬁ?r Cy%lgrélfceg}sasﬁﬁa%r%to efgg agngé‘é?%ge surface and

possibly as weallithe sealingskiiagabeRgenegd soyerage 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, 15 dimgiinghofikeradisfabisty theagre déssustes. Frusnwithpt00ddcoverage the original
surface texture of the surface which has been peened has been obliterated entirel%/ by the first shot
peening stepPERERIB AN e RELERIBH 16w 10 OB RRaTBy S8 rdng tsewrpd&uial tH&% peening
beyond that ti ng vghg:nré l_§ required to achieve 100% coverage. For example. a 200% coverage would
be achieved by stho% peening the surface for twice the amount of time necessary to obtain a 100%
coverage. A lighter shot peen resulting in coverage of 5-60% may alternatively be used for the sealing
surface. FIGUBKER. ilfustiatescat examplaiyninpact pattermwitbkiaspest jo-adecutionof the first
shot peening step with at or about 100% coverage area. FIGURE 4 illustrates, in cross-section, a

surface of irtefesetuientodsdb dentirshietbyutfiecfitgtodiot paennghafichand the fourth radial

surface 52 of the cone 3,

Any combination of the foregoing textured surfaces, with desired untextured surfaces,

may also be used.

The dimples of the surface texturing behave as lubricant reservoirs which permeate
the lubrication into inter-space of metal asperitics. 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 etc;hing, 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 sclected for the

surface texturing process.
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Conversely, FIGURE 5 illustrates, in 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 may, for example, be used to effectuate the light texturing used in one implementation for the
sealing surfat8 203 F%econd step, additional shot peening is performe- I RYEHTAZE (FIGURES
4 or 5) resulting from completion of the first step using a second shot media at a second intensity. The
shot peening action of the second step is performed for a second period of time in order to obtain a
desired coverage area. The shot media is preferably cast steel having a second average size of 0.015
cm (0.011 inches) (which is smaller than the first average size), and the intensity of the second step is
0.007-0.010A (measured bl)é Almen strip). Alternatively, the shot media is smaller glass bead for softer

surfaces such as tH& itHBPEi UG Luriieess2 5t the fradosylitticRiticftABe YRG0 on the
bushing 24. ferabl d Iting. f leti f thi d shot
ushing I@é?eg%%z, Xié@r%g%%g %’8’%/% asggu%ré% é?éq%ﬁn&dr%%qu@g %Aggnlﬂ dSrbutey o SNo

peening step Is betiween 60% an lllustrates an exemplary |mpac? pattern with

respect to exgeutian Qfthe sraanchshalReREINGIERMIiess than 100% GonelResAfege  FIGURE
7 illustrates, in cross-section, a surface of interest which has been treated by the second shot peening

step (when startiegrficmidhe fist stepcrestite thovwg it UREE bfalseenndiperiag-abiime
necessary to obtain substantially 100% coverage area. FIGURES illustrates, in cross-section, a
surface of irfiFest byhiverpepebdepledetansy dive seephesshobpediihgstepevharhstastng from the
first step result shown in:FIGURE 5), In this case, the second step has less than 100% coverage (due

to exposure* i EhtEeRUbh B TSRS, WY S2RHA Hfgtites e ep-pEeitsn be effectively
used in Onerlerpo%lﬁgneg,nﬁ%%%\rf]e;?I{l}gebg%%![g Sc’zlfllgcfa #5n %l‘l"l’&llclac? %gegatégaaqjenag on ql?ecgﬁrface of

interest in excess of 60%, or more preferably between 70-90%, and on up approaching 100%.

The same percentage coverage can be used on both the bearing surface and the sealing

surface. Alternatively, a lighter texturing can be used on the sealing surface as compared

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 1s 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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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 wikeegeatimamanydvocasd suitececediogiieryiiaish foenediciadlyzred(®ingdrespossibiliseokd
metal-to-metal contact in the bearing system, for example). It is preferred with respect to at least
the beakirijashfa@ectpeEsiaioWnghasi stirabTsHE spainedeasinagtreaiiremnt (both or more steps) of the
surface of interest, that substantially 100% coverage area for combined first and second step surface

treatment with dimpling be achieved. However, there arg advantages tg coverage areas of greater that
60%, 70-909%, N o ieP a0t U S ARRGR, o et Aroctis s HLEAGE CHTIFERC

understood that the shot peening, process could utilize more than two separate peenin acéi‘%ns. For
examp AT o T SR SR L R B ettt PaGH S Bl irany
utilize different average sized meqj%géwd dififeeren inte evels. or, softer materials, for example

e?eemn %?tm t 18: 2911 pre 11115]‘,21 en%atlonn%%&!o-s 68 (duajj shot (:}3&:6;1'111%r rgfeé 15
at or below a‘hardness H 5, only one shot peening step action'may be necess 3}) arder

material% howe &l beggrigt@ggq%&rﬁ%t grformance of two or more shot peening actions as described

1) ih%eﬁv %\1/ SUr X ) . .
above. t will be un e cross-sectional surface texture illustrations shown herein are

schematic and exemplary in nature. The illustrated regularity and periodicity of the dimple shape and

location showmip #he:FIGURES e makneseseatibi an accwiste ivstation af whatamactualshot
peened surface would look like In cross-section but rather is representative of the results achieved with

the twogiaameasess TBoehskijeshindheRi vilHiserstanckthaiapalagins wichdesulifiare gach of the

first and second steps given different respective first and second periods of time for the peening

action. order to obtain a desired coverage area. The shot media is preferably cast steel which is an
exemplary implementation has a first average size of 0.028 cm (0.011 inches), and the intensity
of the first step is 0.007~0.010C (measured by Almen strip). Alternatively, the shot media is
glass bead for softer surfaces such as the inner cylindrical surface 22 of the first cylindrical
friction bearing 10 on the bushing 24 (with an intensity of the first step being 0.008~0.012N). In
an exemplary implementation, the glass media has an average size of 0.015 cm (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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It is known in the prior art to provide radial and cylindrical sealing/bearing system surfaces having a
roughness of 20 to 40 um (8 to 16 micromches) Ra. This would comprise a typical polished surface of
standard use (see, also, FIGURE 13). As a result of the completion of the surface treatment process
described herein, however, the shot-peened bearing surface of interest will have a surface finish
roughness greater than 50 pm (20 microinches) Ra (see, also, FIGURE 14). Reference is now
made to FIGURE 10 which is an image illustrating topography comparisons between surfaces that
have bebmpiogkséabkiruatoortarnbe withedsestoyo-Stbpsshvatipéedingprocessidesciibed sbixe to have
a surface roughness of greater than 50 pm (20 microinches) Ra (see, the bearing shaft on the left) and
surfacetewitre cinthensishislesuitfabehwubbrre gsastdhis despneliBtesatsl midisiycheshRdi@ediobearing
shaft on the right and bushing inner surface at center). FIGURE 11 is an image illustrating topography
compas§pEhetffRe CSiFHEe sthaxdtavobd SR procestadch rcordadig it expowes: stiep shot
peening process described above to have a surface roughness of greater than 50 pm (20 microinches)
Ra (sedHesg St Gnarmeieh BrgBissiig ashisrsuviite eveerer) Baroesaralee ¢ witho
conventional surface roughness of 20 to 40 pm (8 to 16 microinches) Ra (see, bearing shaft on the
right). FIEsORREe ForhheiAchi SSt e @ topBgrasHy Eaif fariste HenwaeinsGitHBsOsra618Ye been
processed jn accordance with the two-step shot peening process described above to have a surface

roughné S URE AE AeaY BesEm Y S HREFERTAIEL 8 U PoEa N Y BRagRiIRG SRt Pt g vahd

surfacer§ with ?n\ﬁentic%gal surface roughness of 20 to 40 pm (8 to 16 microinches) Ra (see, bearing
shaft o ?ﬁléﬁg ?.r  FIEURE 5% 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

llustrating the dppograrhy @h A M AP IERABRALPSEPEY SHasS AR RRIUTSY DastRIdapes. il the

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

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

first shot peening step.

Conversely, FIGURE 5 illustrates, in cross-section, a surface of interest which has been
treated by the first shot peening step with a coverage area 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 usiﬁg a second shot media at a second intensity. The
shot peening action of the second step is performed for a second period of time in order to obtain
a desired coverage area. The shot media is preferably cast steel having a second average size of
0.015 cm (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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A conventional machined shaft with a conventional machined seal boss (see surface of FIGURE 13)
and a shaft with a shot-peened seal boss (see surface of FIGURE 14) were tested on a test rig under
the same operating conditions. FIGURES 15 and 16 illustrate results of that testing and show the
beneficial eff8& ¥YjPhtéé¥exting fin general) and two-step shot peening (infarliéiatP#i%ecordance
with the process described above has on the friction coefficient in these sealing system configurations.
The existence of the small dimples of the produced surface texture generates hydrodynamic pressure,
stabilizes or reduces friction. A shaft and seal boss system with a regular machined finish (as known in
the art) shows a large variation in friction. For a shot-peened seal boss shaft, however, the
micro-dimples provide more l'?eservoirs for grease to lubricate the sliding surface with the seal.

Meanwhile, REGFSASEEBRaTRET YIRS génet 5B YR J8y MEmiRd 5A%& R H%eparate the
friction couple bt fro-ﬁhg&%f\»‘/i’vé 'oﬂﬂh tLEé: lon.tends to % mare stable orpeducety,, FIGURES 15and
‘ gmanner |ﬁ1 which't strated data 18 identifi C

16 differ only in th the illustra a IS identified and presen?'ed. A
conventional machined shaft with a conventional machined bushing (see surface of FIGURE 13), a
shot-peened shaft{E&eRsurfabesodiézl GLUR Emplirwithpac comventianalaachinesddoushing, tand a
conventional machined shaft with a shot-peened bushing, were tested on a bearing test rig under the
same operatitfgrEonaimsersnEHeRBScshend AR KRgLerage #ssults of that testing and show the
beneficial effect surface texting (in general) and two-step shot peening (in particular) in accordance
with the process dggeuiped aRoyaaas en.he.iion caslicentin ase esbeaing ystem
configurations. The existence of the small dimples o?t e produced surface texture gene?ates
hydrodynamig peessLiey slakilizesorwedueas fHistionnA shafl-and hughing sysenrwith @ regular
machined finish (as known in the art) is exposed to more asperity-to-asperity contact so that the
friction in this soeardngrsysté mreoriigsrationishinwsbatdatigivwdatiorn.cfage arghot-peened shaft and/or
bushing system (two implementations illustrated), however, the micro-dimples provide more reservoirs

for grease to lubri Lg?bin surfaces. Meanwhile, the grease contained in the dimples will
generate hydrodyrcg:z%i[1]g&§r§eI éﬁtéqf’é’ é‘éﬁ’é??é‘t%‘fﬂ%“fﬁcsﬁ&ﬁ‘:&o" ﬁéﬁ@éﬁf@?@ﬁé?é’f‘ﬁf‘eﬁr?ﬁt&drh&ion tends to
pe more Stahle QLIRAER deonind IGHIRS Mo A UICRANKCIT

n hg] manner, V%lfaﬂYﬁiC the illustrated
data is identified and presented. ference is now made to IléqURqufgj\;v ich also iflustrates the

effect shot ppening: ageaxdancemithuihetwesstesay esessdegatned.ahque has andhe friction
coefficient in these three bearing configurations. FIGURE 19 illustrates the same information as

presented irdelBURES! 17 tand. 18.gbint thehprégsbniatiansispnaceckn adiffecantlwayedhedkl GURE 19
illustration loses some information shown in FIGURES 17-18 concerning friction variation in the regular
head and bugRisgsEiendoasks texlermieticn hwel o tisderdn edsand bushing system. Nonetheless,
the frictional benefits of the surface textured finishes for the bearing system as described herein are

evident. 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, if is preferred that the second shot peening step at a minimum compact, as shown in
FIGURE 7, any sharp cdges present in the surface texture resulting from compietion 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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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. Hydrodynamic pressure is generated in the dimple area
and the seal frtifopréferedfucet.rSoere spentlizryithetheaseglingfeverikisig dbnditiprdsidetovetihe  In
summary, a surface textured head bearing is presented for use in a rock bit. Tiny dimples are created
by a twehsfepremoe jesintgiproedser oncspstersnofdhsustabiss of interestt ithaonheenoallyitite bearing
system (for example, in the main journal bearing). The dimples of random distribution and non-uniform
size arfORiTEE Bveritheuted brshanbstqendedst suYacoveripenarsd) divapkivgkbasebisspdoirs to
constrain more lubricant in the surface contact zone. Hydrodynamic pressure is generated in the
dimple SS%CHRY hebagmlyFHessh 1 RutRes 2eaHesoalm Rt tRehdariNgonsmtiatsesntiton is

improved. . Embodiments of the invention have been described and illustrated above. The invention
is not liMitéd to the disclosed embodiments. CLAIMS:

Although a two-step process is described, it will be understood that the shot peening
process could utilize more than two separate peening actions. For example, a three-step, four-
step, or more-step process could be used. Each step would preferably utilize different average

sized media and different intensity levels.

For softer materials, for example at or below a hardness HRC435, only one shot peening
step action may be necessary. Harder materials, however, benefit from the performance of two

or more shot peening actions as described above.

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

periods of time for the peening action.

It is known in the prior art to provide radial and cylindrical sealing/bearing system
surfaces having a roughness of 20 to 40 pm (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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I.A rock bit, comprising: a shatft including a sealing surface and further including a cylindrical
bearing surface adjacent the sealing surface; a roller cone having an annular gland; wherein the
roller cone is rotatably mounted to the shaft such that the annular gland aligns with the sealing surface;
and wherein the sealing surface has a surface texture comprised of a plurality of dimples having a
random distribution 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: sizeatncha subseqissatisstbadishbt peenirihecadtiorpveheddipatie seafing siiifagests
bombarded at a second intensity level by second small spherical media of a second average size.

2. The rodk Irive s claifac Shisharebnessigingta Bushifigine caivedchytbiesbRer{(soneldhe"BGBIRAY being
rotatably mounted to the shaft such that the bushing aligns with the cylindrical bearing surface. 3.
The rockdit of claim 2 wherein one of an inside or outside cylindrical surface of the bushing has a
surface texture comprised of a plurality of dimples which cover at least 60% of the one of the inside or

outside cylindric? surface. L , ) .
Reterence 1s now made to FIGURE 10 which is an image illustrating topography

comparisons between surfaces that have been processed in accordance with the twe-step shot
pecning process described above to have a surface roughness of greater than 50 pm (20
microinches) Ra (see, the bearing shaft on the left) and surfaces with conventional surface
roughness of 20 to 40 pm (8 to 16 microinches) Ra (see, bearing shaft on the right and bushing
inner surface at center). FIGURE 11 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 50 pm (20 microinches) Ra (see, the
bearing shaft on the left and bushing inner surface at center) and surfaces with conventional
surface roughness of 20 to 40 pm (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 50 pm (20 microinches) Ra (see, the bearing shaft on the right)
and surfaces with conventional surface roughness of 20 to 40 pum (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 systern 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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4.The rock bit of claim | wherein the sealing surface has a hardness of HRC 58-62. surface. 6.
The rock bit of claim 4 wherein the dimples cover between 60-100% of the sealing surface. 7. The
rock bit of claim 1 wherein the first shot peening action surface textures between 5-100% of the
sealing surfat@ 24918 ¥he rock bit of claim 7 wherein the second shot p8ER{HE4 b S rface textures
between 5-100% of the sealing surface. 9. The rock bit of claim 1 wherein each of the first and
second shot peening actions surface textures 100% of the sealing surface.

A conventional machined shaft with a conventional machined seal boss (see surface
of FIGURE 13} and a shaft with a shot-peened seal boss (see surface of FIGURE 14) were
tested on a test rig under the same operating conditions. FIGURES 15 and 16 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 sealing system configurations. The existence of the small dimples of the
produced surface texture generates hydrodynamic pressure, stabilizes or reduces friction. A
shaft and seal boss system with a regular machined finish (as known in the art) shows a large
variation in friction. For 4 shot-peened seal boss shaft, however, the micro-dimples provide
more reservoirs for grease to Inbricate the shiding surface with the seal. Meanwhile, the
grease contained in the dimples will generate hydrodynamic pressure to separate the friction

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 conventiona! 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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10. The rock bit of claim 4 wherein the sealing surface is one of either a cylindrical or conical sealing
surface. 11. The rock bit of claim 4, wherein the cylindrical bearing surface on the shaft has a
surface texture, that surface texture including a plurality of dimples. 12. The rock bit of claim 11
wherein the WithpiEéid638r, with respect to both the sealing surface and tREBEEHRY S IPRIce, between
60-90% of the surface. 13. The rock bit of claim 11 wherein the dimples cover, with respect to both
the sealing surface and the bearing surface, substantially 100% of the surface. 14. The rock bit of
claim 11 wherein the cylindrical bearing surface is radially offset from the sealing surface. or conical
sealing surface on the shaft.

exposed to more asperity-to-asperity contact so that the friction in this bearing system
configuration shows a large variation. For a shot-peened shaft and/or bushing system (two
implementations illustrated), however, the micro-dimples provide more reservoirs for grease
)to lubricate the rubbing surfaces. Meanwhile, the grease contained in the dimples will
generate hydrodynamic pressure to separate the friction couple better. Therefore, the friction

tends to be more stable or reduced.

FIGURES 17 and 18& differ only in the manner with which the illustrated data is

identified and presented.

Reference is now made to FIGURE 19 which also illustrates the effect shot peening in
accordance with the two-step process described above has on the friction coefficient in these
three bearing configurations. FIGURE 19 illustrates the same information as presented in
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 shiding 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.
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16. The rock bit of claim 11 wherein the dimples cover, with respect to the sealing surface, less than
60% of the surface, and cover, with respect to the bearing surface, between 60- 100% of the surface.
17. The rock bit of claim 4 wherein the plurality of dimples have a non-unifmm size. 18. The rock
bit of claim T¥fiFN&L E8AIprising an o-ring type seal having a surface slidiRgTAIGR¢M&78¥aling surface.

Hydrodynamic pressure is generated in the dimple area and the seal friction is reduced.

Correspondingly, the sealing working condition is improved.

In summary, a surface textured head bearing is presented for use in a rock bit. Tiny
dimples are created by a two-step shot peening process on one or more surfaces of interest in
connection with the bearing system (for example, in the main journal bearing). The dimples
of random distribution and non-uniform size are formed over the surface of interest (at least
60% coverage area) and work as reservoirs to constrain more lubricant in the surface contact
zone, Hydrodynamic pressure is generated in the dimple area and the bearing friction is

reduced. Correspondingly, the bearing working condition is improved.

Embodiments of the invention have bheen described and illustrated above. The

mvention is not Hmited to the disclosed embodiments,
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CLAIMS:
1. A rock bit, comprising:

a shaft including a sealing surface and further including a cylindrical bearing surface

adjacent the sealing surface;
a roller cone having an annular gland;

wherein the roller cone is rotatably mounted to the shaft such that the annular gland

aligns with the sealing surface; and

wherein the sealing surface has a surface texture comprised of a plurality of dimples
having a random distribution formed by shot peening in a two step process inchading 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 sccond mtensity level by second small spherical media of a

second average size.

2. The rock bitof claim 1, further comprising a bushing received by the roller cone,
the bushing being rotatably mounted to the shaft such that the bushing aligns with the cylindrical

bearing surface.

3. The rock bit of claim 2 wherein one of an inside or outside cylindrical surface of
the bushing has a surface texture comprised of a plurality of dimples which cover at least 60% of

the one of the inside or outside cylindrical surface.
4. The rock bit of claim | wherein the sealing surface has a hardness of HRC 58-62.
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5. The rock bit of claim 4 wherein the dimples cover between 3-60% of the sealing

surface,

6. The rock bit of claim 4 wherein the dimples cover between 60-100% of the

sealing surface.

7. The rock bit of claim 1 wherein the first shot peening action surface textures

between 5-100% of the sealing surface.

8. The rock bit of claim 7 wherein the second shot peening action surface textures

between 5-100% of the sealing surface.

9. The rock bit of claim 1 wherein each of the first and second shot peening actions

surface textures 100% of the sealing surface.

10.  The rock bit of claim 4 wherein the sealing surface is one of either a cylindrical or

conical sealing surface.

It.  Therock bit of claim 4, wherein the cylindrical bearing surface on the shaft has a

surface texture, that surface texture including a plurality of dimples.

12. The rock bit of claim 11 wherein the dimples cover, with respect to both the

sealing surface and the bearing surface, between 60-90% of the surface,

13. The rock bit of claim 11 wherein the dimples cover, with respect to both the

sealing surface and the bearing surface, substantially 100% of the surface.

14, The rock bit of claim 11 wherein the cylindrical bearing surface is radially offset
from the sealing surface.
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15, The rock bit of claim 11 wherein the sealing surface is one of either a cylindrical

or conical sealing surface on the shaft.

16.  The rock bit of claim 11 wherein the dimples cover, with respect to the sealing

surface, less than 60% of the surface, and cover, with respect to the bearing surface, between 60-

100% df the surface.
17.  Therock bit of claim 4 wherein the plurality of dimples have a non-uniform size.
18.  The rock bit of claim 1, further comprising an o-ring type seal having a surface

sliding along the sealing surface.
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