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PRIORITY CLAIM

This application claims the benefit of United States Provisional Application for Patent
Serial No. 61/036,785 filed March 14, 2008, the disclosure of which is hereby incorporated

by reference.

TECHNICAL FIELD

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

rolier ¢one rock bits.

BACKGROUND

A roller cone rock bit is the cutting tool used in oil, gas, and mining fields to break
through the earth formation to shape 2 well bore. Load and motion of the bit are trensferred
1o the bearings inside three head and cone assemblies. For the bit where 2 journal bearing is
employed, the main journal bearing is charged with as much as 80 percent of the total radial
load. The main journal bearing is composed of the head (as the shaft), the bushing, and the

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



A roller cone rock bit is the cutting tool used in oil, gas, and mining fields to break through the earth
formation to shape a well bore. Load and motion of the bit are transferred to the bearings-inside three
head and cone assemblies. For the bit where a journal bearing is employed, the main journal bearing
is charged with as much as 80 percent of the total radial load. The main journal bearing is composed
of the head (as the shatft), the bushing, and the cone (as the housing) Due to high load (>10,000 Ib)
and low speed (70-250 rpm), the Attorney Docket 368614-2031 bearing operates in the boundary or
the mixed lubricat®® 208#&tin which the head is not completely separate {8 iH& bushing. Load is
supported by both asperity contact and hydrodynamic pressure. The grease constrained among those
asperities is the effective lubricating_ medium and its amount is quite limited. It is not unusual for the
bearing to experié“ﬁ‘(?g“’dr%%‘a NFBh in the contact zone. Thereafter the bearing often undergoes
scoring, scuffing, guen calastraphicfailire Jike: gatingvkspizrsend tiswdesitaliedtatomore grease be
trapped between the head and bushing at the contact interface, in order to reduce friction.

Reference is mad@eletie ssrez A FOmich ity FarRnyeh sk s B 8ty pical roller cone

rock bit. FIGURE | more spscificallyrllustiates.epgmbeath andsongassembly Ehegeneral
configuration and operation of such a bit Is well known to those skilled in the art. The head 1 of the

bit includes the béarirrgjrehadditn Anduittirmonsrie @its stadablyipesiteied BhadBEsiig shaft 2 which

functions as a journal. A body portion of the bit includes,an upper tggﬁg}%%gagqmggoggrming a tool joint
connection 4 Whic%{pfgg?ﬁ?a%rggz %gﬁrﬁaeu({:)ﬁouﬁ to the bit to a drillestringe(not shown). A lubrication system 6

is included to providenlkricmationdosascbptatildubiicantin othezourial Yeariigisenseen the cone 3 and

the bearing shaft 2. This system 6 has a confir%LLr%Eon and é%ﬂ%&alt;il ) well Iérraown 1o those skilled in the

art. A numberBPSeEREPE R Brd BTSSR IF Connection with the journal bearing supporting

rotation of the cong3.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

Reference is made to FIGURE 1A which illustrates a partially broken away view of a
typical roller cone rock bit. FIGURE 1A more specifically illustrates one head and cone
assembly. The general configuration and operation of such a bit is well known 1o those

skilled in the art.

The head 1 of the bit includes ihe bearing shaft 2. A cutiing 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 conmection 4 which facilitetes
connection of the bit to a drill string (not shown). A Iubrication system 6 is included to
orovide lubrication to, and retain lubricant in, the journal bearing hetween the cone 3 and the

bearing shaft 2. This system 6 has a configuration and operation weil known to those skilled

in the art.

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



Attorney Docket 368614-2031 bearings 12, second cylindrical friction bearing 14, first radial friction
(thrust) bearing 16 and second radial friction (thrust) bearing 18- - With reference to FIGURE 1B,
there is shown an illustration of a partially broken away view of another typical roller cone rock bit.
Reference 141 refers to the axis of rotation for the cone 150 on the head shaft 130. Reference 106
refers to central rotating axis of the bit itself, Like reference numbers refer to like or similar parts. It will
be noted here that a tapered thrust bearing 16'is used. = FIGURE 2 illustrates a partially broken
away view of FIGWREN#istwing the bearing system in greater detail PFRESPEYEAdrical friction
bearing 10 is defmed 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 HHE0¥ BPﬁE@ﬁﬁJ?ﬁZ%pper, although the use of other materials is known in the art.

The ball bearings L2:Hida inansRdkad. aceway.4E definedal theidalerasedhetywwenithe bearing shaft
2 and cone 3. The second cylindrical friction bearing 14 is defined by an outer cylindrical surface 30 on

the bearing shaft ScemélradipifisiméPntfearsdtface 32 on the cone 3. The outer cylindrical surface 30
is inwardly radially offset from the outer cylindrical surface 20. The first radial friction bearing 16 is
defined between the firstianeksacondryling nBatftictchobe aniiys:dBrasic PRMiyabfdst radial surface 40
on the bearing shaft 2 and a second radial surface 42 on the cone 3. The secc%rrlg radial friction bearing

18 is adjacent the 8BE8HY UMt CRI IS T BaAHRE 12 Stion

TR axis o Fotation for the cone and is
defined by a third fadial surace 0.0Q he bearisershait-ancaciatuthuadiatisur faae 52 on the cone 3.
An o-ring seal 60 is positioned between cutter cone 3 and the bearing shaft 2. A cylindrical surface

seal boss 62 is présitiedisnienseaTRySHER rihet i fratEs At BEtkEt $88514-2031

tapered thrust bearing 167 is used.

FIGURE 2 illustrates a partially broken away view of FIGURE 1A showing the
bearing 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 2
bushing 24 which has been press fit into the cone 3. This bushing 24 is 2 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 intesface between
the bearing shaft 2 and cone 3. The second cylindrical friction bearing 14 is defined by an
outer cylindrical surface 30 o the bearing shaft 2 and an inner cylindrical surface 32 on the
cone 3. The outer cylindrical surface 30 is inwardly radiaily offset from the outer cylindrical
surface 20, The first radial friction bearing 16 is defined between the first and second
cylindrical friction bearings 10 and 12 by a first radial surface 40 on the bearing shaft 2 and a
second radial surface 42 on the cone 3. The second radial friction bearing 18 is adjacent the
second cylindrical friction bearing 12 at the axis of rotation for the cone and is defined by a

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

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

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



configuration, this surface of the seal boss 62 is outwardly radially offset (by the thickness of the
bushing 24) from the outer cylindrical surface 20 of the first friction bearing 10. It will be understood
that the seal boss could exhibit no offset with respect to the main journal bearing surface if desired. An
annular gland 64 is formed in the cone 3. The gland 64 and seal boss 62 align with each other when
the cutting cone 3 is rotatably positioned on the bearing shaft. The o-ring seal 60 is compressed
between the surface(s) of the gland 64 and the seal boss 62, and functions to retain lubricant in the
bearing area aroumd thebearing systems and prevents any materials @Y HMEP%nd debris) in the -
well bore from entering into the bearing area. . With reference once again to FIGURE 1B, the
tapered thrust friction bearing 16' is defined between the first and second cylindrical friction bearings
10 and 12 by a firbtieoniBarstiféidé-46 on the bearing shaft 130 and a second conical surface 42' on

the cone 150. The features of FIGURELB.Ate:0thenvise-apnesalydhe samenasiasbiGURES IA and 2.
While the surfaces have in some instances been referred to as cylindrical or radial, and have been

shown as linear, itwillsiesuAderstourthediotiet wifrrastogbefmdieior s ez dh & Sn-linear

geometries neither parallel with nar, perpSRdiCHIALa-he, Axisdd L ALCARE akalioRsiich as toroidal or

. " AP :
otherwise curved) as are KhOWN {0 %ﬁsbse skilled in the art may used for the bearing and thrust

surfaces. Loachind e dosading: systenglisisd ppionted ibjdath AsPeridgésheadtaidhydrodynamic

pressure. Lubricant is provided in the first cgli_ndrical frictiora‘lﬁjgean'n g.oﬁ %ggga%gg%ﬂ@drical friction
an

bearing 14, first rAIEREALHBREFNG TE tSF IRPEIET thiciat be 0rfi‘ir%fg 6 and second radial friction

bearing 18 betweep. thg,ponlicpiedaylindrical-andradial suifacgaudsingdhle sydiesth. However, it is
not unusual for the bearing to experience grease starvation in these surface contact zones of the

_ bearing system. Tésisfensrore s R BEBHAGD LeOPARE, BAd Snd e BREEE SHIRE Adre fike galling or

seizure. There is g need 19 retain Whricapkin,Resitian WtamexDecke) 8686442031 trapped between
the implicated and opposed cylindrical and radial surfaces of the bearing system. Reference is

made to the following pHoh aftreeamers: U SCPRESH Rospasg sy fucresdesna §74), 4,248,485 (Feb.

3,1981) and 5,485,890 (Jan. 23,.1996): U.S, Publicali - {NOMd£n2Q05); and PCT
Publication WO Zﬁfgff& 76 grcs??%s%%% ,Itﬁbre%%lc%gﬁ%gg E%%v%%%]iarwe hereby incorporated by

reference. surface 40° on the bearing shaft 130 and 2 second conical surface 42° on the cone 150. The
features of FIGURE 1B are otherwise generally the same as in FIGURES 1A and 2.

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

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

catastrophic failure like galling or seizure. There is 2 pead to retain lubricant in position



SUMMARY  To address issues of grease starvation and possible bearing failure, it is 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
topography of the bearing system is modified in the manner described below. Surface texturing is
employed to modify the topography of one or more surfaces (without limitation, for example, radial or
cylindrical) of the bearin sgz?)tem for a rock bit. Innovative methods ang% Alisare described with
respect to certain ¥éatlifed'6 surface texturing and its beneficial effect on reducing bearing friction and
prolonging bit life. These features address deficiencies of the prior art with respect to the configuration

and operation of tftggomai&@e mal heating surfaces as well as the pilot pin bearing surfaces and thrust
bearing surfaces. "Bue to eavy load and low velocity, the head shaft and the bushing of the main

journal bearing arexppecoeiaet dt-thelosding sivesof diadied rindraiatamcTHIS tadealliv-metal contact
dominates the frictional behavior of the bearing system. The friction coefficient can normally reach
over 0.1, which g&fi&Pites enormous heat and can lead to bearing and seal Attorney Docket

368614-2031 failure. Tedmpkeverhe bearigiliie the frictonbas toshreduset)sinadmixed lubrication
regime, there are two means to create better lubrication in these surface contact areas: supply more

grease or generat@‘é-réea%%?‘hyﬁ?r‘c?d’%é%c3pﬁéégdﬁi 5,485,800 (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 by reference.

SUMMARY

To address issues of grease starvation and possible bearing failure, it is desired to
incresse the amount of lubricant that can be maintained in the surface contact zones of the
bearing systern, In an effort to introduce more lubricant into these surface contact zones, the

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

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

surfaces,

Due to heavy load and low velocity, the bead shaft and the bushing of the main
journal bearing are in contact at the loading side of the bearing system. This metal-to-metal
contact dominates the frictional behavior of the bearing system. The friction coefficient can
normally reach over (.1, which generates enormous heat and can lead to bearing and seal

5



In accordance with an embodiment, the topography of the head bearing system is modified by surface
texturing technology. A surface texture is introduced, either on the head side or on the bushing (or
cone) side (or both), of the bearing system for the roller cone rock 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 sy gistence is once again
made to FIGUREé"W‘%ﬁf&“Z%r an identification of possible textured sﬁ?&?&s‘z in tﬁe bearing system in
accordance with embodiments described herein. In one implementation, the surface texturing is
p_rO\_/ided onan Ou}ﬁtg r%X;!incﬂ&%%%@&% 20 of the bearing shaft 2 Wh_ich forms part of the first cylinqlrical
friction bearing 10. In another Implementation, the surface texturing is provided on an inner cylindrical
surface 22 of the liiskinDo2dpwiicle bastadién tr ésidit Tetdothraradond Jnemaiwhieitaiths part of the first
cylindrical friction bearing 10. In yet another implementation, the surface texturing is provided on an
outer cylindrical sﬂ‘?‘%fbee%ff 6?{?1”{%/ %e@%srfﬁér‘f ezg' g W rlléﬁl?gfnmsesﬁasrt of the second cd;%fﬁdrical friction
bearing 14, In still anothes. inplemeptationdbgsufaeastexturing is provided on an inner cylindrical
surface 32 of the cone 3 which forms part of the second cylindrical friction bearing 14. In another

implementation, the suriace jgxiuring i raides onaisiiagial suiaas At orqanigal surface 40) of
on the bearing shaft 2 w ich forms pan of the first radial friction bearing 16 (bearing 16'). In yet another
implementation, theegisfageteturingis phovided o srdsdicowrd ikanfiaiusrfage #o0tokednical surface 42)
of the cone 3 which forms part of the first radial friction bearing 16 (beari t Docket
368614-2031 16') 51 St AKSHIER R °e“ﬁ$esﬁ a |obr?fg gas ok t%‘“ﬁ%’(?iﬁgﬁi@ %??v%g‘g%%glﬁ a third radial
surface 50 of the hgaripg.shafte2bichdornscpanohtheisgoordidadisih fridtiombaaxemg 18. In yet
another implementation, the surface texturing is provided on a fourth radial surface 52 of the cone 3
which forms part ofhe See b RreFBE GH e SHG TR S BRI AL b HheToregoing textured
surfaces, with untextured surfaces, may also be used. The dimples of the surface texturing behave
as lubricant reservoirs vehitk: penriente deibabhicetiorrintoitkalinterspd dipkhistataperities.
Meanwhile, higher hydrodynamic pressure is geperated on the dimple area, Bath functions facilitate an
improvement in be’g‘?‘fﬁﬂl‘g%ié’ﬂ%hfu%ﬁén I ﬁﬂrvr\liit%‘ Ege feduction i afﬁa%%.%lﬁs prefgﬁgﬁat the dimples of
surface texture coygr.heiweenis0.1RR%okine.contact bedsing sy rface of drtedest Eten more
preferably, the dimples should cover between 70-90% of the surface of interest. I{p an implementation,
the dimples cover SHtSSiaIRCTRITS B tHa V6 R SF RS 4 ER BT ERTS idTein utilize any
one or more of a varigty. ofimethads.to freate wwifaca:texuringincldingrsaachiniag.chemical etching,
laser texturing, deep rolling, vibratory finishing, etc. Controllability, uniformity, cost, coverage area,
dimple size, dimpléidaptbeatred Wil phetish iprienraagie. At IBTCwWRTEHE SteRATE AR Fhethod is selected
e e gyl LBLSIPIESH IEIPNIANON, SUOLARSAIAG IR usRIb aCiaaIe (he Kmples o
the surface texturing. More specifically, a two-step shot peening process is used. In accordance with
this two-step processssipag fif stesfiesp dhidoed fivgosyisteins $0rfacretenbbetrmplenkiistpdsed to a first shot
peening action wherein the surface is hombarded at a.first intensity.level b I erical media (the
"shot") of a first avePiye EiFE 44 F'LEEsR asntgf)tefﬁéﬁgarrlﬁaegz %E%Cﬁrggogf}xsetgﬁng%ﬁg%% I\tﬁ:‘%ﬁg treated is
exposed to a seconghshet pesningaGliRiraliaResoRdintensisieuslwhensidieisutface is bombarded
by small spherical media (the "shot") of a second

surface texturing is provided on an inner cylindrical surface 32 of the cone 3 which forms
part of the second cylindrical friction bearing 14, In another implementation, the surface
texturing is provided on & first radial surface 40 (or conical surface 407) of on the bearing
shaft 2 which forms part of the first radial friction bearing 16 (bearing 167). In yet another

implementation, the surface texturing is provided on a second radial surface 42 (or conical

surface 42°) of the cone 3 which forms part of the first radial friction bearing 16 (bearing
6



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 achieve 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 undefstsd:#dt the shot peening process could utilize nﬁm%ﬁfmggﬁseparate 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. Disclosure is also
made of an internfitt@PR &S ?ﬁg@kfﬁ’%b for bearing surfaces wherein not all of a given surface
receives the surfagg, textusingfreatmaitenaion G QEEHRE tandilirst aspieet of theipredent invention, there
is provided a method for building a drill bit, comprising: founing a journal bearing structure of a drill bit
having a bearing sy&teripirichabipipa RV Brd BRI G SR terce? BhE ST BNy at least a portion
of the bearing surface of. the heaing,SySGR. WHALSID SHIacs IRsiAc-RANMISes Bxposing the
portion of the beaﬁng surface to a first shot peening action wherein the portion of the surface is
bombarded at a first dntehsitiyiéves bytfifstesmalf sphbrictinretia Bf 28 steiiniayef§ive; exposing the
same portion of the bearing surface to a subsequent.second ning action wherein the same
portion of the beafﬁﬁe&"é‘fﬁ?eagggef{ss on 3”rt§3x§€§%%'ﬂssglc{%cﬁsd Tﬁ%’earl?gg% ‘i%%le by second small spherical
media of a second average size; and wherein the first and subsequent second shot Eeening actions

create lubricant reservoibs drmheosSmeHeriotrorheue sk e e IRSTB R/ feservoirs being
adapted to Contairx‘h!&'lxt&éir?c%nf%rt&@% hearng system . gaswharsinhe, firglintansiiytavel is greater than
the second intensity level and the first average size is larger than the second average size.

According to a segesdraspectafithetp dsgintinyBefi Grrctes bty oviden 4 thBdBE fabricating a drill
bit, comprising: Miming a_shaft including a. sealing.surface ing. ' ing a roller cone
having an annuIarS&ﬁ%ﬁc}?br%ct%“f’é’b‘ff/tk]n?orﬁ%]ﬁtﬁoél fﬁépj %?ér lgésnlé?%grt%e%gﬂg %ﬁg{égﬁﬁ;ﬁmgf%ﬁshing on the
roller cone aligns with-theeeasingssrfane anchthemrndainglanficaligrstavith thesaating surface; shot
peening in a first shot peening action the bearin surfacg g}f th(lehsha}%cgrq i%gpegerﬁuagace of the
bushing at a first iRteFENy BEIRRIe HOSHRY g’%ﬂe@ﬁggf e dia 5t S Hrst Average size; shot peening in
a second SUbseqU@aﬁlkﬁ%&ﬁﬁﬁﬁ@B&@&Ikaﬂeimsaﬁ@dﬂ;‘g]osur&aﬁes&ffmmaﬁmr the inner surface of the
bushing at a second intensity level by a second small spherical media of a second average size;

wherein the first intensity level is greater, than the seconddntensitygyslandihe firslaverage size is
larger than the second average size; and wherein the first and second subsequent shot peening -

actions create lubrigaphsesatvirsmamthabeaiing sulfacdest thewhaftiep théitandvrgerface of the
bushing, the lubricant reservoirs bein adaPted to contain Iubricgmt. . depth. and
finishing, etc. Comtrollability, uniformity, cost, coverage area, iple size, dimple depth, an

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

In a preferred implementation, shot peening i used o create the dimples of the
surface texturing. More specifically, a two-step shot pesning process is used. In accordance
with this two-step process, in a first step the bearing system surface to be treated is exposed
to a first shot peening action wherein the surface is bombarded at a first intensity Jevel by
small spherical media (the “shot”) of a first average size. In & second step the same bearing
system surface being treated is exposed o 2 second shot peening action at a second intensity

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



According to a third aspect of the present invention, there is provided a method of fabricating a drill bit,
comprising: forming a shaft including a sealing surface and a bearing surface; forming a roller cone
having arxanidaiglandfaabaialily rroomtingdhaydiesl conedetdefshaftsutthvithatasioudbing on the
roller cong aligns with the bearing surface and t I aligns with the sealing surface;
forming a%%?%ﬁ%y/\’/\c{) X |?ﬁ% es?‘ﬁ?gs%%%eﬁgg%ﬁ?grir% %an%rﬁgtﬁéﬁ[o%}p%g‘gﬁfr%éction the bearing surface of the
shaft or an inner surface of the bushing at a first intensity level by a first small spherical media of a first
average size; shqt pegping-in A.peeanthsybsequenrtshat preringRstiathe:bearing.sefase of the
shaft or th innergurfa%e of the buihirlf% ata sec%d intengjp%%y I‘?X a secogd small spherical media
of a secofi eﬁ%"f%gt@ 28V RABFER e TS 8?1g|tyef§vveg1lis gréeatér h&h XRE Setond ﬁ?ter%sity level and
the first avelesgehgizE0¥4argenttan ¢hd sepothd avaradge sireyandimhereindhkevirsgeand seitond
subsequent shot peening.actions. form lukrigassresaivaibson e degingosifage aldheshaft or the

inner surface of the bushing, the lubricant reservoirs bein%)vadapted to contain lubricant for a drill bit;
and wherBiHFREIS TR eRripTEE rsbrasitansatten?®bverage. BRIEF DESCRIPTION OF THE
DRAWINGS FIGURE IA illustrates a partially broken away view of a typical roller cone rock bit;

FIGURE 1B il 2 partially brok iew of i K.bit:
FGURE 2 i||:Jst?g%t@t%ﬁfﬁg%tI%I%éﬁg{gmﬂﬂl&%s}{@%gm %Qér%%er:s@’@é%ﬂ éf?t&%% GONE IREkRY

. 1ally broken away view of FIGURE |A showing the bearing system in
greater detafialc GUREE 34igstres SFBREn Tl pRaniiss:ifipaetpitfiocess could be

used. Fach step would preferabiy utilize different average sized media and different intensity

levels,

Disclosure is also made of an intermittent type of texturing for bearing surfaces wherein

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

According to a first aspect of the present invention, there is provided a method for
building a drill bit, comprising: forming a journal bearing structure of a drill bit having a
bearing system including at least one bearing surface; and surface texturing at least a
portion of the bearing surface of the bearing system, wherein surface texturing comprises:
exposing the portion of the bearing surface to a first shot peening action wherein the
portion of the surface is bombarded at a first intensity level by first small spherical media
of a first average size; exposing the same portion of the bearing surface to a subsequent
second shot peening action wherein the same portion of the bearing surface 1s bombarded
at a second intensity level by second small spherical media of a second average size; and
wherein the first and subsequent second shot peening actions create lubricant reservoirs
dn the same portion of the bearing surface, the lubricant reservoirs being adapted to
contain lubricant for the bearing system; and wherein the first intensity level is greater
than the second intensity level and the first average size is larger than the second average

size.



Attorney Docket 368614-2031 FIGURE 4 illustrates, in cross-section, a surface of interest which
has been treated by the shot peening of FIGURE 3 at or about 100% coverage area,; FIGURE 5
illustrates, in crogs:ts&@ﬁ@maawff@c@ﬁb&ﬁ%éﬁ@\ﬁi@amaﬁmgﬁﬁremwiw@ddiﬁ@raahsﬂmﬁpeening

with a cover area of less than 100%;. GURE 6 |II tra an exe pact pattern with
respect 18 bR BB LB GRARH SAgE © 52 & Srel BN
cross-sectigiting surface %ﬂﬂﬁargaatwh@mbﬁé b@aﬂgtrﬁammrag&m@lm@tﬁ@lbsp@hmﬁiggwocess,
FIGURES 10 and 11 ar |ma es illustratin graph com arisons @etween S fa% s that have
subjected t3 0SS BhOPHocHHy Brbce & S SRR R B PN EhE R raphy of a

regular maﬁmaedxﬁuffﬁc@;nﬁlﬁtgﬁﬁdl&ﬂgnarwmm HbaStiatingrioe; topographyedha et siep shot

peened Sg&?ﬁﬁé action the bearing surface of the shaft or the inner surface of the bushing at a first
intensity level by a first small spherical media of a first average size; shot peening in a
second subsequent shot peening action the bearing surface of the shaft or the inner
surface of the bushing at a second intensity level by a second small spherical media of a
second average size; wherein the first intensity level is greater than the second intensity
level and the first average size is larger than the second average size; and wherein the
first and second subsequent shot peening actions create iﬁbricant reservoirs on the

bearing surface of the shaft or the inner surface of the bushing, the lubricant reservoirs

being adapted to contain lubricant.

According to a third aspect of the present invention, there is provided a method of
fabricating a drill bit, comprising: forming a shaft including a sealing surface and a
bearing surface; forming a roller cone having an annular gland; rotatably mounting the
roller cone to the shaft such that a bushing on the roller cone aligns with the bearing
surface and the annular gland aligns with the sealing surface; forming a plurality of
dimples by: shot peening in a first shot peening action the bearing surface of the shaft or
an inner surface of the bushing at a first intensity level by a first small spherical media of
a first average size; shot peening in a second subsequent shot peening action the bearing
surface of the shaft or the inner surface of the bushing at a second intensity level by a
second small spherical media of a second average size; wherein the first intensity level is
greater than the second intensity level and the first average size is larger than the second
average size; and wherein the first and second subsequent shot peening actions form
lubricant reservoirs on the bearing surface of the shaft or the inner surface of the bushing,
the lubricant reservoirs being adapted to contain lﬁbri_cant for a drill bit; and wherein the

plurality of dimples provide intermittent coverage.
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FIGURES 14, 15 and 16 illustrate the beneficial effect on the friction coefficient which accrues from
surface texting; FIGURE 17 illustrates a partially broken away view of a roller cone rock bit when

operatinggr@fapEstiRF THGURE TS iinstratss s cross-section taken through a journal bearing and
FIGURE 19 illustrates an alternative form of intermittent surface texg. Attorney Docket 368614-2031

DETAILED DESCRIPTION OF THE DRAWINGS Surface texturing is employed to modify the
topography of oéB¢/RHoré Blusfsatesapadiahobrofindrealyioy e aneisodyseens forkebivller cone rock
bit. The surface texturing results in a dimpled surface which retains additional lubricant helpful in

reducing friction in the bouri:ﬂgr%/ﬁand ixed %,brlc?tlon r%?lmes. Surfgce c?%/?gra e area fo&the dimpled

texture should extaet at & ISR EBA RO BrEILBIy 58 BEIRAAA PBi5008 /8  more

preferablyapproach or reach approximately 100%.

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

system in greater detail;

FIGURE 3 illustrates an exemplary shot peening impact patiern;
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Reference is once again made to FIGURES 1 and 2 for an identification of textured surfaces in the
bearing system to which this surface texturing is applied. Turning first to the first cylindrical friction
bearing 10, surface texturing is provided on one or the other or both of the outer cylindrical surface 20
on the bearing shaft 2 and the inner cylindrical surface 22 of the bushing 24 which has been press fit
into the cone 3, these surfaces forming the first cylindrical friction bearing 10 (or main journal bearing).
With respect to the second cylindrical friction bearing 14, surface texturing is provided on One or the
other or both of thevoetereybndrical surface 30 of the bearing shaft 2 abeirfRMiN&Pylindrical surface
32 of the cone 3. For the first radial friction bearing 16, surface texturing is provided on one or the
other or both of the first radial surface 40 (or surface 40") of the bearing shaft 2 and the second radial
surface 42 (of surfaeee Dpdtthe®or® B3, Lastly, for the second radial friction bearing 18, surface

texturing is provided or.pne o the,qthey, arhathigf the-thirdriadial shiface R0 etdbespearing shaft 2 and
the fourth radial surface 52 of the cone 3. Attorney Docket 368614-2031 Any combination of the

foregoing texturedtssfasespyvit ideR e emtextitéd syrfgeest may also be used.

FIGURE 5 illustrates, in cross-section, a surface of interest which has been treated by

additional shot peening with a coverage arca of less than 100%;

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

additional shot peening;

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

treated by an additional shot peening process;

FIGURES 10 and 11 are images illustrating topography comparisons between

surfaces that have subjected to a two-step shot peening process;
FIGURE 12 is an image illustrating the topography of a regular machined surface;
FIGURE 13 is an image illustrating the topography of & two-step shot peened surface;

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

which accrues from surface texting;

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

operating in a formation;
FIGURE 18 illustrates 1 cross-section taken through a joumal bearing; and

FIGURE 19 illustrates an alternative form of intermittent surface texturing,



The dimples of the surface texturing behave as lubricant reservoirs which permeate the lubrication into
inter-space of metal asperities. Meanwhile, higher hydrodynamic pressure is generated on the dimple
area. Both functions facilitate an improvement in bearing system lubrication.  Any one or more of a
variety of methods can be used to create the dimpled surface texturing including: machining, chemical
etching, laser texturing, deep rolling, vibratory finishing, shot peening, etc. Controllability, uniformity,
cost, coverage area, dimple size, dimple depth, and dimple shape factors which influence which
method is selecteddantitessurface texturing process.  The dimpled GHEEE%ERe 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 interestigprefaetsftifE®Briginal surface is obliterated entirely by overlapped dimple

texturing, then it Gan-he saidthaihaevnreuerpgewasshas been achieved. Additionally, the finished
surface texture should lack any sharp edges which could contribute to undesirable metal-tometal

contact in the bearing system. It will be recognized .5{0 ever, that benefits accrue. from finished
coverage areas on the 3 é&xgﬁﬁtlesreenﬁi?ﬁegei%énseg‘ fté%é/%%ocg)rr%gr%ore E)referably between 70-90%, and

on up approaching,3@0%.yinaibmannetrired imptementaticmeshatipedhingfschosdns to form the

dimpled surface texture through topology modification. Shot geer;i}[_l .ag\é%ggaggg&silly has
characteristics of rapdcrTidiEPBHER THToHAT SFEBRE RIS SREE hE i

eening Ts also a controllable

process so 11 Atﬁ?er@&)ﬂ&r?%?&é@@ﬁgn‘k@gﬁ%gﬂ;@& anpbkdhesedesited surtaepsanihave a modified

surface topography (this allows for a machined surface to exist adjacergt to a peened surface). As
known to those skilted! irxtire sirt, Shistpe&ling s aeliPo MY B JaL& iAW ATRR 188 surface of a part

is bombarded by srgﬁllﬁ peric%l media p%?élﬁgaéf}%o%?mh shot leaves a tiny dimple on the surface

. T Ta rgacn Qr re £ .
caused by |mpact? 0 epfgnmg Is more widely used to create compressive stress so as to reduce

fatigue crack. Inspired by the view that tiny dimples are 9er{1}er§t§g on t leatsl%lr@g&m%ot peening is
employed as described¥&reRT foPsedrBra I R3EE i car;éa%ir?g 4 dimpled surface texture which can

constrain more luigantin.the.hearing.suviaga:ontact canels) aptkgenerate increased hydrodynamic
pressure which better separates the bearing surfaces.

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 besring shaft 2 and the
inner eylindrical surface 22 of the bushing 24 which hag 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.

Wor the first radial friction bearing 16, surface texturing is provided on one or the

other ot both of the first radial surface 40 (or surface 407) of the bearing shaft 2 and the

" second radial surface 42 (of surface 42°) of the cone 3.

Lastly, for the second radial friction bearing 18, surface texturing is provided on one
or the other or both of the third radial surface 50 of the bearing shaft 2 and the fourth radial
surface 52 of the cone 3.
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Any one or more of the surfaces 20, 22, 30, 32, 40, 42, 50 and 52 described above can be subjected
to the shot peening treatment. In a preferred implementation, a two-step (dual) shot peening process is
utilized on the surface(s) of interest. In a first step, shot peening is performed on the surface using
a first shot media at a first shot intensity. The shot peening action of the first step is performed for a
first period of time in order to obtain a desired coverage area. The shot media is preferably cast steel
which in an exemplary implementation has a first average size of 0.011 inches, and the intensity of the
first step is 0.007-9dh0Gkmeasured by Almen strip). Alternatively, thePSROEHEETAS 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 hi&aey AyeradESizé%f 0.006 inches. The distinction between a hard surface and a
soft surface may be made hasgd;fof X ample, Ardeinesthahamdeessohitismatsrial exceeds a
certain threshold (such as, for example, a hardness of HRC 45). In the implementation described
above for the maimgousned walaring, Attorney Docket 368614-2031 the journal of hardened steel
material has a hardness of FRC 58-62, while the bushing of beryllium copper has a hardness of about
HRC 38.  Preferablyibeipgen@theovatageiatesbersaliingtfiem cempletibrhofthistfirst shot peening
step after the first period of time is between 60% and 100%. Covelrag{eén exce Sna%]:ic::l'OO% may also be
provided. Coverade istaiesinedrss s B At MFPereailor K5Mpiete t&xiurng ?Iyor example, dimpling)

of the surface by {he process-SiaR. FhusWilk 180k caveragaiihaoriginatsurideeriexture of the
surface which has been peened has been obliterated entirely by the first shot peening step. Coverage

in excess of 100%yiseobtbingdrby extending the exposure time to peening beyond that time which is
required to achieve 100% coverage. For example: a 200% coverage would be achieved by shot
peening the surface for Awyieg: thenamauntefiticie:iece ssary tedobtaimait@omdoveértge.  FIGURE 3

illustrates an exemplary impact pattern with respl)ect to elxecuttict)ur}]_L Ig)ft e fiﬁ'gﬂsh%g%%ning step with at
or about 100% covsiige apedine mERaER BRI SIS i Fs8 &eChibn, a surtace of interest which

has been treated lestiﬁx?g,f 'gﬁ;t %@&tn@?@@ir@rﬁtﬁﬂbiii& uniformity, cost, coverage area, dimple size,
dimple depth, and dimple shape factors which influence which method is selected for the

surface texturing process.

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

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

In 2 preferred implementation, shot peening is chosen to form the dimpled surface
texture through topology modification. Shot peening advantageously has characteristics of
rendomicity but with uniformity of coverage. Shot peening is also a controilable process 50
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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). I
a second step, shot peening is performed on the surface (FIGURES 4 or 5) resulting from completion
of the first step using a second shot media at a second intensity. The shot peening action of the
second step is performed for a second period of time in order to obtain a desired coverage area. The
shot media is preferably cast steel having a second average size Attorney Docket 368614-2031 of
0.011 inches (Whi®® 708#i&Her than the first average size), and the inteffSiyPBPHE e cond step is
0.007-0.010A (measured by Almen strip). Alternatively, the shot media is smaller glass bead for softer
surfaces such as the innerlc(: Iindglicg!)%urface 22 of the first cylindrical friction bearing 10 on the
bushing 24. Prefe?%?ff‘ﬁf' L g@g%eél Coverage area resulting from completion of this second shot
peening step is behwesn@RYesnd 408%. will ItCUREBIlusiratemampax@iplams lmpact pattern with
respect to execution of the second shot peening step with less than tl11(())0% verage area. FIGURE

7 illustrates, in crogstgettiERCCASHITRAURER MERERIHTIT nAS BEh traged ‘Eey thi“s&tond shot peening

step (when starting from:fhe fiest:steRifestl-aho Wik kakiRBr4hiarmarsapdpeiiad of time
necessary to obtain substantially 100% coverage area. FIGURE 8 illustrates, in cross-section, a

surface of interestehitehoiedis Biwtsiioe diestl Byt recseiBrirelapkeHiftes St g <Starting from the

first step result shown in FIGURE 5),In.d15 case ihssarondsienhasdesihani@0% coverage (due
to exposure for a s ortened secon period of time).

Inspired by the view that tiny dimples are generated on the surface, shot peening is empioyed
as described herein for & different purpose in creating a dimpled surface texture which can
constrain more tubricant in the bearing surface contact zone(s) and generate increased

hydrodynamic pressure which better separates the bearing surfaces.

Any one or more of the surfaces 20, 22, 30, 32, 40, 42, 50 and 52 described above can
be subjected to the shot peening treatment, In 2 preferred implementation, 2 two-step (dual)

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

Tn 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 pericd of
time in order to obtain a desired coverage area. The shot media is preferably cast steel which
in an exemplary implementation has a first average size of 0,011 inches, and the intensity of
the first step is 0.007~0.010C {measured by Almen strip). Alternatively, the shot media is
glass bead for softer surfaces such as the inner cylindrical surface 22 of the first cylindrical
friction bearing 10 on the bushing 24 (with an intensity of the first step being 0.008~0.012N).
In an exemplary implementation, the glass media has an average size of 0.006 inches. The
distinction betwesn a hard surface and 2 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). Tn the implementation described above for the main journal bearing,
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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). hi this case, the second
step has 100% coverage through selection of the requisite second period of time. No matter what
coverage area percentage is accomplished with the second shot peening, it is preferred that the
second shot peening step at a minimum compact, as shown in FIGURE 7, any sharp edges present in
the surface texture resulting from completion of the first shot peening step (see FIGURES 4 and 5).
This will result in sroinpnevesl surface Attorney Docket 368614-2031 REEFEHEHFHYA wherein the
possibility of metal-to-metal contact in the bearing system is reduced. It is preferred that following
completion of the shot peening treatment (both or more steps) of the surface of interest, that
substantially 100%teovecPagiet at&a48Pcombined first and second step surface treatment with dimpling

be achieved. However, there are adyaniades 19, GaverRge MRS Ak greRieninamaPwW, 70-90%, and
greater than 90%. ATfhoug a two-step process is described, it will be understood that the shot

peening process souilthutiizer mord4kies nidrsepRfate 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 differgntiptgnsiy JevelScoverade Qs 0fiRR MM atetialsyledoxanpldiat drbelow a hardness
HRCA45, only one shot peening step action may be necessary. Harder mater.ialséepsoc\’gever, benefit from
the performance ofains seritsrée st Raehmh idtibhedo e sadiblE abyvee: = &

100% may also be provided. Coverage is defined as the extent (in percent} of complete
texturing (for example, dimpling) of the surface by the process step. Thus, with 100%
coverage the original surface texture of the surface which has been peened has been
obliterated entirely by the first shot peening step. Coverage in excess of 100% is obtained by
extending the exposure time o peening beyond that time which 18 required to achieve 100%
coverage. For example: a 200% coverage would be achieved by shot peening the surface for

twice the amount of time necessary to cbtain a 100% coverage.

FIGURE 3 illustrates an exemplary impact pattern with respect to exeeution of the

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

FIGURE 4 iilustrates, in cross-section, a surface of interest which has been freated 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% (l.e., fora

sharter period of time).

Tn 2 second step, shot peening is performed ca the surface (FIGURES 4 or 5) resulting
from completion of the first step using a second shot media at 2 second intensity. The shot
peening action of the second step s performed for a second period of time in order 1o obtain a

desired coverage area. The shot media is preferably cast steel having a second average size
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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 prionewtiozprovide radial and cylindrical bearing syst@fTagHaEPHaving a roughness
of 8 to 16 microinches Ra. This would comprise a typical polished Attorney Docket 368614-2031
bearing surface of standard use (see, also, FIGURE 12). As a result of the completion of the surface
treatment process’deraer Prstrhéieif?fdwever, the shot-peened bearing surface of interest will have a

surface finish roughpgss, AEAERANANAA M ANERES Ba (505 ISR, iIRIGIREWeona Reference is

now made to FIGURE 10 which is an image illustrating topography comparisons between surfaces
that have been preaeissed i 4o feesal RithitFe HHD-stesistp &g Prit &<y cribed above to

nave a surface royghness ofgiealer. 030,20 RISLANGHER BALSRS e headngishation the ef) and

surfaces with convéntional surtace roughness of 8 to 16 microinches Ra (see, bearing shaft on the
right and bushing frsties surfiace at tenhterinePHGC B, iBeanciviagesiissmativyiohBtaphy comparisons
between surfaces that have been pgohcessed int accgrdgeg%]gyv%ithlga% two-step shot peening process
described above 8RS EFTEEE T SUGRRESS SF Greater than %0 microinches Ra (see, the bearing
shaft on the left and bushing inner surface at center) and surfaces with conventional surface
roughness of 8 to 16 mIBFSIRB e Rafswe B GreraRPBITREN TGIREF © “ETEUREDE2 is an image

illustrating the topography, gefe%ge&élg{th%qmg%@gg{gﬁge%g.h as would be used in the prior art for a
bearing system surtace. FIGURE 13 is an image illustrating the topography of a two-step shot

peened surface as produced in accordance with the descri(Ption ab%v%
FIGURE 7 illustrates, in cross-section, a surface oOf Interest whic

“has been treated by
the second shot peening step (when starting from the first step result shown in FIGURE 4) for

a second period of time necessary to obtain substantially 100% coverage area.

FIGURE 8 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 less than 100% coverage (due to exposure for a shoriened

second period of time).

FIGURE 9 ilkustrates, 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 titne.

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 compietion of the

first shot peening step (see FIGURES 4 and 5). This will result in an improved surface
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A conventional machined shaft with a conventional machined bushing (see surface of FIGURE 12), a
shot-peened shaft (see surface of FIGURE 13) with a conventional machined bushing, and a
conventional machined shaft with a shot-peened bushing, were tested on a bearing test rig under the
same operating conditions. FIGURES 14 and 15 illustrate results of that testing and show the
beneficial effect surface texting (in general) and two-step shot Attorney Docket 368614-2031 peening
(in particular) in accordance with the process described above has on the friction coefficient in these
three bearing systear@enfigurations. The existence of the small dimpleEPEREYF¥3Riced 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 exposed to more asperity-to-asperity contact so
that the friction in4H#s 9k 6¥8tER*¢onfiguration shows a large variation. For a shot-peened shaft

and/or bushing system (e mRIeMeRtEHaNGIsHAedhawawer ihe: s -dimples provide more

reservoirs for grease to lubricate the rubbing surfaces. Meanwhile, the grease contained in the dimples
will generate hydmedlyeiamic pressure to separate the friction couple better. Therefore, the friction tends
to be more stable or reduced. FIGURES 14 and 15 differ only in the manner with which the
illustrated data is identifigd,aRg-Riesentee: conRalerensesismewimpasetoRIGUREE6 which also
illustrates the effect shot peening in accordance with the two-step process de %ripgg above has on the

friction coefficientsieptheides e BiaaiffiYy CERIFaAon IR 9RE T8 LTRSS the 8ame information as

presented in FIGURES 14 and 15, bt the, Rresentationdsmadedn-pudiffexentanays The FIGURE 16
illustration loses some infpormation shown in FIGURES 14-15 concerning friction variation in the regular

head and bushingsystemreand stedebucitn’h Y s hetsreenés A¥Ad and bushing system. Nonetheless,
the frictional benefits of the surface textured finishes for the bearing system as described herein are
evident. In summaryuasur{acesextired headibentingliscprésentétfohuset ivairack bit. Tiny
dimples are created by a two-step shot peening process on one or more §urf ces of interest in

connection with tHEcRRERFRY &ateAPTTdReR RPisPa"aiR RS ATACTS U A BER I G) . The Bimples

four-step, or more-step process could be used. Each step would preferably utilize different

average sized media and different intensity levels.

For sofier materials, for example at or below a bardness HRC45, only one shot
peening step action may be nocessary. Harder materials, however, benefit from the

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

Tt will be understood that the cross-sectional surface texture illustrations shown herein

are schematic and cxemplary in nature. The illustrated regularity and periodicity of the

| dimple shape and location shown in the FIGURES is not necessarily an accurate illustration
of what an actual shot peened surface would look like in cross-section but rather is

representative of the results achieved with the two step process. One skilled in the art will

understand the topologies which result from each of the first and second steps given different

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

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

having a roughness of 8 to 16 microinches Ra. This would comprise a typical polished
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Attorney Docket 368614-2031 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. Reference is now made to
FIGURE 17 which illustrates a partially broken away view of a roller cone rock bit when operating in a
formation. During operation of the bit, forces F are exerted through the cutting elements of cone onto
the journal. Howewer ztswilirize noted that the forces are exerted onto anSHBRYASHE of the bearing
surface which is smaller than the overall circumferential surface. For example, the loading zone may
comprise only one-quarter (about 90) of the circumferential surface of the bearing. Reference is
now made to FIGWREe1 8ksidfEflastittes a cross-section taken through the journal bearing (for
example, through,fhe firstcvlindricalsfriction hearrads of maindautralkeasiagh pespendicular to the
axis 141 of cone rotation. The reference arrows A-A in FIGURE 17 illustrate generally the angle of the
view, but do not spﬁaiﬁcaﬂm@d@mﬁwmﬁm@%é@@s@%@éﬁd?ﬁ\R)@éﬁﬁR?é’n?elﬁﬂﬁllsb‘?%eeﬁ that the loading
zone is approximately one-guarter (about 900) of the ci ial ; dhg.bearing surface
(journal surface fol?tﬁ%lg r‘%‘%‘aiga earing). %ggfé?%gggesﬁs r?%%%nmé%%r%%%%%%n’ (FIGURE 17) are
exerted on the beagngswiace primarily (if not exclusively) in this area. It is accordingly this loading
zone of the bearing surface which needs to be protected against friction damage. In one
embodiment, it is only this Igading.zoneof the;brarng suface whishineesivesihggyriace texturing
previously described. Thus, the surface of the bearing in the region of the are identified as loading
zone would receivertesdurivigtwdail etiesy & B s piEed vt e B RS REBARG. 1t will
accordingly be noted that this lustrates a different.form,of. AUQFIRYPRGKSS ARRALAR2031 coverage
area percentage than that which was previously explained. Coverage area in connection with this
implementation wil:hedefescechianas inter miftent cover sk of tnddarigesortaees ahtl can also be
expressed in terms of a percentage. In this casg, the perce gor X e t 25% for the
one-quarter surfad® *éo%%acse%#ﬁe&é’eﬁ%%ﬁé%f"ré e}r"eh[toa{tlﬁtegl%%? ion of the sﬁtr?glc%HWhich receives
any form of texturiggurersus:thapenishefths.gusincamdiiohs teceiies hotéxtliringeat all.

processed in accordance with the two-step shot peening process described above to have a
surface roughness of greater than 20 microinches Ra (see, the bearing shaft on the left and
bushing inner surface at center) and surfaces with conventional surface roughness of 8 to 16

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

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

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

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

as produced in accordance with the description above.

A conventional machined shaft with a conventional machined bushing {see surface of
FIGURE 12}, & shot-peened shaft (see surface of FIGURE 13) with a conventional machined
bushing, and a conventional machined shaft with a shot-peened bushing, were tested on a
hearing test rig under the same operating conditions. FIGURES 14 and 15 illustrate results of
that testing and show the beneficial effect surface texting (in general) and two-step shot
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Reference is now made to FIGURE 19 which illustrates the bearing surface, unwrapped, from point O
to point | of the arc B-B shown in FIGURE 18. Within the load zone (right hand side of the unwrapped
surface), there is provided surface texturing of an intermittent nature. As discussed above, all of the
surface in the load zone can be surface textured in the manner described herein. FIGURE 19
specifically illustrates an alternative form of intermittent surface texturing. One or more distinct and
separated surface textured regions can be provided within the load zone on the bearing surface. Each
of these regions cae besformed using the surface texturing techniques HeESEHB¥AETfein. The regions
may take the form of strips, as shown in FIGURE 19, which extend parallel to the axis of cone rotation.
Even further, these strips can be aligned with the locations where forces F are being exerted against
the journal bearingi“rre BAEERYERAl area to the left of the unwrapped surface receives no surface

texturing treatment gt all,FUHRAINArE 28RS Qldhe swdacehataessthasegiansiteaeive no surface
texturing treatment at all. Again, as discussed above, coverage area in connection with this

implementation (inteffrittentissyBragetizrsrramfgeimactiisbipreddbus PR a percentage. In

this case, the percentage,(for, exaiple, abauLAR ¥IOLNE Ietiiedinaians. yiia the one-quarter
surface loading zone'e ampfe prowdegf refers to the portion of the surface which receives any form of

texturing, versus thieriporicnhaafiaesuniassewhithasedivesdioctoitsriagkarwallin Asteifhey Docket

368614-2031 Embodiments of the invention have bteer}hdte%%ri ed and,illustrated abave. The invention
is not limited to th&RASAIS SR ABBHIR M. > CLATME 1°A method for building a drill bit, comprising:

configuration shows 2 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 gresse 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 14 and 15 differ only in the manmer with which the illustrated data is

identified and presented.

Reference is now made to FIGURE 16 which also illustrates the effect shot peening in
accordance with the two-step process described above has on the friction coefficient in these
three bearing configurations. FIGURE 16 iliustrates the same information as presented in
FIGURES 14 end 15, but the presentation is made in a different way, The FIGURE 16
illustration Toses some information shown in FIGURES 14-135 concerning friction variation in
the regular head and bushing system and its deduction In a shot-peened head and bushing
systern. Nonetheless, the frictional benefits of the surface textured finishes for the bearing

systern as described hercin are evident.

In summary, a surface textured head bearing is presented for use in 2 rock bit. Tiny
dimples are created by a two-step shot peening process on one Or More surfaces of inferest in

connection with the bearing system (for example, in the main journal bearing). The dirnples
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forming a journal bearing structure of a drill bit having a bearing system including at least one bearing
surface; and surface texturing at least a portion of the bearing surface of the bearing system,

Whergin surface texturing comprises: exposing the portion of the bearing surface to a first shot
peening action Where!n the portion of the surface is bombarded at a first intensity level by first small
spherical media of a first average size; exposing the same portion of the bearing surface to a

subsequent _second shot peening action wherein the same portion of the bearing surface is bombarded
at a second intendt9 391453 second small spherical media of a secontFATEFHGE*&%e; and

wherein the first and subsequent second shot peening actions create lubricant reservoirs on the same
portion of the bearing surface, the lubricant reservoirs being adapted to contain lubricant for the
bearing system; aifif™ Poki0&tE e first intensity level is greater than the second intensity level

and the first averagg,siag dsdager thanhecRoRAAYeIRIeSHR: surficdi Hhe:smetied of claim 1
wherein the bearing surface is a thrust surface. 3. The method of claim 1 wherein the bearing surface
is a oumal su rfacé{)% 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.

Reference is now made to FIGURE 17 which illustrates a partially broken away view
of a roller cone rock bit when operating in a formation. During operation of the bit, forces F
are exeried through the cutting elements of cone onto the journal. However, it will be noted
that the forces are exerted onto a loading zong of the bearing surface which is smaller than
the overall circumferential surface. For example, the loading zone may comprise only one-

quarter (about %0%) of the circumferential surface of the bearing.

Reference is now made to FIGURE 18 which illustrates a cross-section taken through
the journal bearing (for example, through the first cylindrical friction bearing 10 or main
journal bearing) perpendicular to the axis 141 of cone rotation, The reference arrows A-Ain
FIGURE 17 illustraie generally the angle of the view, but do not specifically identify where
the cross-section wes taken. It will be seen that the loading zone is approximately one-
quarter (about 90°% of the circumferential surface of the bearing surface (journal surface for
the main bearing). The forces F from engaging the formation (FIGURE 17} are exerted on
the bearing surface primarily (if not exclusively) in this area. It is accordingly this loading

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

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

receive no texturing. It will accordingly be noted that this illustrates a different form of
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4. T_he method of claim 1 wherein the journal bearing structure includes a bearing bushing and the
portlo.n of the bearing surface is one of an inside or outside -surface of the bushing. 5. The method
of claim 1 wherein the journal bearing structure includes a bearing shaft and the bearing surface is an
outer surface of the shatft. 6. The method of claim 1 wherein the portion is less than an overall
circumferential surface for the bearing surface. 21 surface. 8. The method of claim 6 wherein the
surface textured portion is formed as a plurality of strips on the bearing surface.

WO 2009/114720 PCT/US2009/037006

Attorney I_Jocket 368614-2031

coverage area percentage than that which was previously explained. Coverage area in
connection with this implementation will be referred to as intermittent coverage of the
bearing surface and can also be expressed in terms of a percentage. In this case, the
percentage (for example, about 25% for the one-quarter surface coverage example provided)
refers to the portion of the surface which receives any form of texturing, versus the portion of

the smface which receives no texturing at all.

Reference is now made to FIGURE 19 which illustrates the bearing surface,
unwrapped, from point 0 to point 1 of the arc B-B shown in FIGURE 18, Within the load
zone (right hand side of the unwrapped surface), there is provided surface texturing of an
intermittent nature. As discussed above, all of the surface in the load zone can be surface
textured in the manner described herein, FIGURE 19 specifically illustrates an alternative
form of intermittent surface texturing, One or more distinct and separated surface textured
tegions can be provided within the load zone on the bearing surface. Lach of these regions
can be formed using the surface texturing techniques described herein. The regions may take
the form of strips, as shown in FIGURE 19, which extend parallel to the axis of cone rotation.
Even further, these strips can be aligned with the locations where forces F are being exerted
against the journal bearing, The circumferential area to the left of the unwrapped surface
receives no surface texturing treatment at all, Furthermore, areas of the surface between the
regions receive no surface texturing treatment at all. Again, as discussed above, coverage
area in connection with this implementation (intermittent coverage of the bearing surface) is
expressed in terms of & percentage. In this case, the percentage tfor example, about 12-13%
for the textured regions within the one-quarter surface loading zone example provided) refers
to the portion of the surface which receives any form of texturing, versus the portion of the

surface which receives no texturing at all,
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9. The method of claim 8 wherein the surface textured portion is a load bearing portion o the bearing
surface and the strips align with lead forces applied against the bearing surface. 10. The method
- of claim 2 wherein the thrust surface is of a radial kind. 11. The method of claim 3 wherein the
journal surface is of a cylindrical kind. 12. The method of claim 1 wherein the subsequent second
shot peening action compacts edges of the surface texture formed by the first shot peening action.
13. The method of claim 1 wherein the second average size is less than 0.011 inches. 14. The
method of claim Iwerrereimtive first intensity level is in a range of 0.00720TB* MEHEY measured on a
C-type Almen strip and the second intensity level is in a second range of 0.007-0.010 inches
measured on an A-type Almen strip. 15. A method of fabricating a drill bit, comprising: forming a
shaft including a f8amsy XakFaREHAd%4 bearing surface;

Embodiments of the invention have been described and illusirated above. The

tnvention is not limited to the disclosed embodiments.
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forming a roller cone having an annular gland; rotatably mounting the roller cone to the shaft
such that a bushing on the roller cone aligns with the bearing surface and the annular gland aligns with

the sealing surface; shot peening in a first shot peening action the bearing surface of the shaft
or the inner surface of the bushing at a first intensity level by a first small spherical media of a first
averafd-4MS shot peening in a second subsequent shot peening action the bearing surface

of the shaft or.the imefeguwddcehofidhe busiibyg, abamaaand intensity level by a second small spherical

media of a seoand.AYSIANE Ml srucNSERNBIIRLINICNBIVIEY Sl iR AIBRIEIAR 108 ge0nd
intensity level'and the first average size Is larger than the sécond average size; an wherein
the firseeri Seéersdasdbsequent shot peening actions create lubricant reservoirs on the bearing

surface of the,shaltiekithennelsuissaaf thenbushing sthedubriganteaser volisbeing-adapiageto
contain lubricant. . 16. The method of claim 15 wherein, following completion of the second shot

peenifi 4E8 MBS than 60% of the bearing surface of the shaft or of the inner surface of the
bushing has been textesé Withpditiyplas, the bearing surface to a first shot peening action wherein the

portion of the surface is bombarded at a first intensity level by first small spherical media of a first
average size;

exposing the same portion of the bearing surface to a subsequent second shot peening
action wherein the same portion of the bearing surface is bombarded at a second intensity ievel by second
small spherical media of a second average size; and

wherein the first and subsequent second shot peening actions create lubricant reservoirs
on the same portion of the bearing surface, the lubricant reservoirs being adapted to contain lubricant for
the bearing system; and

wherein the first intensity level is greater than the second intensity level and the first

average size is larger than the second average size.

2. The method of claim 1 wherein the bearing surface is a thrust surface.
3. The method of claim 1 wherein the bearing surface is a journal surface.
4. The method of claim 1 wherein the journal bearing structure includes a bearing bushing

- and the portion of the bearing surface is one of an inside or outside surface of the bushing.

5. The method of claim 1 wherein the journal bearing structure includes a bearing shaft and

-the bearing surface is an outer surface of the shaft.

6. The method of claim 1 wherein the portion is less than an overall circumferential surface

for the bearing surface.
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17. The method of claim 16 wherein, following completion of the second shot peening action, 70-90%
of the bearing surface of the shaft or of the inner surface of the bushing has been textured with
dimples. 18. The method of claim 16 wherein, following completion of the second shot peening
action, substantially 100% of the bearing surface of the shaft or of the inner surface of the bushing has

been textured with GifaplGshog of1daxif BeHOLiATROFGANRG AP GAPRTSING: forming2ishaft
including a sealing surface and a bearing surface; forming a roller cone having an annular gland;
rotataB‘I‘ﬁ?f?ﬁ%unting the roller cone to the shaft such that a bushing on the roller cone aligns with the
bearing surface and the annular gland aligns with the sealing surface; forming a plurality of dimples by:
shot peeningsin a firstshetipderfingiactionthebtarngzyriasered thetohadft Draedinnersuriizeof the
bushing.at a.fiRtiRIENS LY Mevel by a first small spherical media of a first average size;,

9. The method of claim 8 wherein the surface textured portion is a load bearing portion of

the bearing surface and the strips align with load forces applied against the bearing surface.
10. The method of claim 2 wherein the thrust surface is of a radial kind.
11. The method of claim 3 wherein the journal surface is of a cylindrical kind.

12. The method of claim 1 wherein the subsequent second shot peening action compacts

edges of the surface texture formed by the first shot peening action.
13. The method of claim 1 wherein the second average size is less than 0.011 inches.

14, The method of claim | wherein the first intensity level is in a range of 0.007-0.010 inches
measured on a C-type Almen strip and the second intensity level is in a second range of 0.007-0.010

inches measured on an A-type Almen strip.

15, A method of fabricating a drill bit, comprising:
forming a shaft including a sealing surface and a bearing surface;
forming a roller cone having an annular gland;
rotatably mounting the roller cone to the shaft such that a bushing on the roller cone
aligns with the bearing surface and the annular gland aligns with the sealing surface; |
shot peening in a first shot peening action the bearing surface of the shaft or the inner

surface of the bushing at a first intensity level by a first small spherical media of a first average size;
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shot peening in a second subsequent shot peening action the bearing surface of the shaft or the inner
surface of the bushing at a second intensity level by a second small spherical media of a second
average size; wherein the first intensity level is greater than the second intensity level and the
first average size is larger than the second average size; and wherein the first and second

subsequent shot pegping Al %anémﬂE%&@GﬁJﬁ%W%éng%%M@@Qa%k&@%ﬁﬁ“ééé theushadteor the

inner surface of the bushing, the lubricant reservoirs being adapted to contain lubricant for a drill bit;
and wHeRsiHfIE ety oPaIREIEES Bl ReEoRt AR TEEN T BB drageccond st RENRsH JePbE thitn 19

wherejscthe intergaitient coverage is provided on a region which is less than an overall circumferential

surface for the bearig su{faee ol "t G NIELSUTRERPUARL RISy iyl THRIMAINGE plelaim 19

wherein the intermittent coverage is provided on aregion which is a load beafing portion of the bearing
surfaceargsf He fnegesthgndee sapisl BUBRESGize: 4192 The method of claim 21 wherein the intermittent

coverage is formed ggatHipsOa-theheeiing susiagear @6 theinnessuiace At tinbushiagroirs
on the bearing surface of the shaft or the inner surface of the bushing, the lubricant reservoirs being

adapted to contain lubricant.

16. The method of claim 15 wherein, following completion of the second shot peening
action, more than 60% of the bearing surface of the shaft or of the inner surface of the bushing has been

textured with dimples.

17. The method of claim 16 wherein, following compietion of the second shot peening
action, 70-90% of the bearing surface of the shaft or of the inner surface of the bushing has been textured

with dimpies.

18. The method of claim 16 wherein, following completion of the second shot peening
action, substantially 100% of the bearing surface of the shaft or of the inner surface of the bushing has

been textured with dimples.

19. A method of fabricating a drill bit, comprising:
forming a shaft including a sealing surface and a bearing surface;
forming a roller cone having an annular gland;
rotatably mounting the roller cone to the shaft such that a bushing on the roller cone
aligns with the bearing surface and the annular gland aligns with the sealing surface;
forming a plurality of dimples by:
shot peening in a first shot peening action the bearing surface of the shaft or an

inner surface of the bushing at a first intensity level by a first small spherical media of a first average size;
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23. The method of claim 22 wherein the region is a load bearing portion of the bearing surface or of
the inner surface of the bushing and the strips align with the load forces applied against the bearing
surface or against the inner surface of the bushing.

shot peening in a second subsequent shot peening action the bearing surface of
the shaft or the inner surface of the bushing at a second intensity level by a second small spherical media
of a second average size;
 wherein the first intensity level is greater than the second intensity level and the first
average size is largér than the second average size; and
wherein the first and second subsequent shot peening actions form Iubricant reservoirs on
the bearing surface of the shaft or the inner surface of the bushing, the lubricant reservoirs being adapted
to contain lubricant for a drill bit; and

wherein the plurality of dimples provide intermittent coverage.

20. The method of claim 19 wherein the intermittent coverage is provided on a region which
is less than an overall circumferential surface for the bearing surface or for the inner surface of the

bushing.

21. The method of claim 19 wherein the intermittent coverage is provided on a region which

is a load bearing portion of the bearing surface or of the inner surface of the bushing.

22. The method of claim 21 wherein the intermittent coverage is formed as strips on the

bearing surface or on the inner surface of the bushing.

23, The method of claim 22 wherein the region is a load bearing portion of the bearing
surface or of the inner surface of the bushing and the strips align with the load forces applied against the

bearing surface or against the inner surface of the bushing.

24



