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TECHNICAL FIELD
The present invention relates in general to bearing assemblies and systems for

15  downhole applications and, in particular, to a system and apparatus for bearings for

downhole applications containing diamond-enhanced materials.

BACKGROUND
Diamond is a unique bearing material with superior wear resistance

20 compared to traditional bearing materials, such as steel. Downhole tools with
diamond-enhanced bearings have been investigated in an effort to take advantage of
diamond's wear resistant properties. Some diamond bearing systems in rolling cone
drill bits and mud motor bearings have been proposed with polycrystalline diamond
compacts (PDC), chemical vapor deposition (CVD) diamond, and diamond-like

25  carbon (DLC) coatings. Such PDC bearings are mounted in element arrays over the
surfaces of the radial and thrust bearings or in frustoconical shapes. For example,
U.S. Patent No. 4,738,322, entitled Polycrystalline Diamond Bearing System for a
Roller Cone Rock Bit to Hall et al. describes the use of PDC rolling cone bit
bearings. U.S. Patent No. 6,068,070, entitled Diamond Enhanced Bearing for

30  Earth-Boring Bit to Scott describes a CVD diamond-enhanced bearing for
earth-boring bits. In addition, U.S. Patent No. 7,296,641 entitled Rock Drill Bit
Having Outer and Inner Rock-Crushing Buttons to Hadin et al.; U.S. Patent
Application No. 11/594,566 entitled Microwave Sintering to Slutz et al.; U.S. Patent
Application No. 11/712,067 entitled Composite Abrasive Compact to Tank et al.,



30 Earth-Boring Bit to Scott describes a CVD di anond-enhanced bearing for
earth-boring bits. In addition, U S. Patent No. 7,296,641 entitled Rock
Drill Bi twbavizngodaat er and | nner Rock- Crushi ng Buttons tPoTHsdéin/osto1al . ;

U S. Patent Application No. 11/594,568 entitled Mcrowave Sintering to
Slutz et al.; US. Patent Application No. 11/712,067 entitled Conposite

Abr asi ve Conpact to Tank et al. WO 2012/ 050674PCT/ US2011/ 050011 2 and
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reactive braze a IS activated and a | ayer of
brazed dinmond particles forns a wear-resistant surface that may be applied

to a steel-bearing surface. terial i,l d for a variety of
beari ng systens in downhol e tQJgf%éOgﬂ T%bﬁnﬁ\%/\/ﬁﬁa @gne drill bits, nud
motors and punps. ERLSAMRNRIALHERtSd apﬁﬁaeuglgormem&%s%ﬁdammeed at | east
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wear-resistant surface that may be applied to a steel-bearing surface. These
materials may be used for a variety of bearing systems in downhole tools such as
20 rolling cone drill bits, mud motors and pumps.

In some embodiments, bearing rings are formed, at least in part, with
diamond-enhanced material, and are installed on at least one of the outer radial
bearing surfaces of a journal pin on a rolling cone bit. In other embodiments, the
bearing rings are not formed as continuous rings, but as partial or discontinuous

25  rings and attached to the journal pin or cone cavity surfaces. Diamond-enhanced
material also may be used to form, at least in part, thrust bearings, rollers or balls. In
addition, brazed diamond grit may be used to form a diamond-enhanced surface on
the ball or roller race of the journal pin or cone.

In additional embodiments, the present invention includes a bearing

30  assembly for a downhole tool. The bearing assembly includes at least two,
opposing, mutually relatively rotatable, thrust-bearing surfaces. At least a portion of
at least one of the at least two, opposing, mutually relatively rotatable, thrust-bearing

surfaces comprises a diamond-enhanced material.



I n addi tional enbodi ments, the present invention includes a bearing
30assenbly for a downhole tool. The bearing assenbly includes at |east two,
opposi ng,woubieaisber4r el ati vel y rot at abl e, thrust-beari ngprsunfSacie®soost | east
a portion of at l|east one of the at | &ast two, opposing, nutually
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material. WO 2012/ 050674PCT/ US2011/ 050011 3 I n addi ti onal
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the second bearing surface are configured to engage one” anot her duri ng
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regarded as t resent . invention, t.h dvant of this invention may be
more readity S BreRpRue PEReh R ol Ok st Mhint L1EM bR
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eart h- bori ng PN besiing suitagerase caHiguredde caeerg s apther dweiralvlyR i on;

20  displacement of the first structure and the second structure.
Other features and advantages of the present invention will become apparent to
those of ordinary skill in the art through consideration of the ensuing description, the

accompanying drawings, and the appended claims.

25 BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly pointing out and
distinctly claiming that which is regarded as the present invention, the advantages of
this invention may be more readily ascertained from the description of embodiments of
the invention when read in conjunction with the accompanying drawings, in which:
30 FIG. 1 is a sectional side view of one embodiment of an earth-boring drill bit
constructed in accordance with the invention;
FIG. 2 is a schematic sectional end view of one embodiment of a rolling,

cone-bearing system constructed in accordance with the invention;



FIG 2 is a schematic sectional end view of one enbodi nent of a rolling,
cone-bearing system constructed in accordance with the invention; WO

2012/ 0506¥O0RGR/03&2011/ 050011 4 FIG 3 is a mcrograph/uskoiansooil
enbodi ment of a material used for bea#ing systens and is constructed in
accordance with the invention; FIG 4 is an enlarged m crograph of the

material of FIG 3 and is constructed in accordance with the invention;
SFIG 5 is a sectipg, 3h§§nﬂ¢r%g+a95 0P BEe GABQEIERIYT aQhatdrif1®BEd fE bagsRbl Y
i ncl uding one enbodi ment of a bearing systemof the present invention;

FIG 6 is an wnicarsgedipmnsipedted nacoordonastwigndedmisotipment of the bearing

system of the pre |nvent|on for use ;
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tungsten carbide, silicon carbide, etc. For exanple, such materials nay be
provi ded by tHetcBuRhAnprens Mmientian for upein 3 mud MR FGmver ci al |y avail abl e
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di anond- enhanced pol ycr. stalll he Sc terial is duced by
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silicon grit @mﬁmg@ﬂQ?&n Rreggced by the in-situ surface 259raph|t|zat|on
of the dianond) is in rated with silicon at sub-atnospheric pressure.

The silicon reacts with the carbon to formnew silicon carbide, which grows
epitaxially on the existj N i i i nd particl es.
Once all the avail abl e é@@%@@)ﬁﬁ%&?ﬁ%&g% t@ﬁﬁﬂ?@@ﬁﬁce is filled by

the silicon. Anot helie present invention includes embodiments of a system, method and

71s

apparatus for downhole tool bearings containing diamond-enhanced materials. The
diamond-enhanced materials may comprise diamond grains in a matrix of tungsten
carbide, silicon carbide, etc. For example, such materials may be provided by the
company Element Six (E6) under such commercially available product names as

20 Syndax (i.e., a high-temperature, high-pressure sintered silicon-bonded
polycrystalline diamond), or silicon-bonded diamond also referred to as ScD (i.e., a
low-pressure, low-cc;ncentration, diamond-enhanced polycrystalline material). The
ScD material is produced by a reaction bonding process in which a green body of
diamond particles, silicon grit and carbon (produced by the in-situ surface

25  graphitization of the diamond) is infiltrated with silicon at sub-atmospheric pressure.
The silicon reacts with the carbon to form new silicon carbide, which grows
epitaxially on the existing silicon carbide grains and diamond particles. Once all the
available carbon has reacted, any remaining space is filled by the silicon. Another
such material may be an aluminum nitride intermetallic-bonded diamond and

30  carbide composite.

In another embodiment, a brazed diamond grit may be utilized for bearing

applications. The E6 company provides still another type of diamond-enhanced

surface that is formed by applying diamond particles coated with a reactive braze.



such material may be an alumnumnitride internetallic-bonded di anond and
30car bi de conposite. I n anot her enbodi nent, a brazed dianond grit may
be utili 2w0 2bwosheari ng applications. The E6 conpany pr®¢irassoigosioil anot her
type of di anond-enhanced surface thatsSis foimed by applying di anond
particles coated wwth a reactive braze. W 2012/050674PCT/ US2011/ 050011 5
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20 life. An exanple of a downhole tool "containing a bearing systemis a
rock drill biwithsnoberagorbdity aimbostifomn pme ¢xhigdithent] Thelprinciphdinidderphbse a

drill bit 11 has a bod er. end that | ded. (not shown) for
att achnent tﬂﬁéomwﬁﬁséﬁﬁéﬁ%-g‘?fﬂ“ﬁ SQ?‘Piﬁf’?ﬁ%I éh%&ﬁ I%Eﬁg‘é“YQ% Presgt on)e bi t
leg 15, typi Ciadving 30% @870 shoRS ety WiRE Sraik Q92 bt s mE@6hs Bidsol eg 15 has
a bearing pin 17 that extends dowiward and i nward 25al ong an axi s 16.

Bearing pin 1Ridiess. dn other exanenlels, theaheateriddnayocarprisg sianmusinheaced W ase 19,

where it joi n&arl:r)limtldhﬁg 15. Bearing pin 17 has a main journal surface 18 and

a nose 21 having a surface 22 with a smaller dianeter than that of surface

18. Surface 22 is genedaimondamhahdedmdteisimbabe agfiedrtedawhhde tod] B¥drigl6. A
cone 23 rotatably mounts on bearing pin 17. Cone 23 has a plurality of 30

protruding t e¥PIEE0 frkeadnpregecol(thdt WeHoRmHyaniGuRRTISS, i PEplerging {Pop6 t hat
s oS LRIt L S s AN B 5 SO S BoRCLAR Bl 17,
| ast machi nedswwhs deeontShowf it AKG.Hednithigemppdinient, a dsiéladiet, hdsuiiddyated
lzjgirzll 8%66? 422% Ig%ééliriq ggig&}?_rgadeg (gotss%g\lwnc%\{ Ia%tgchmvélr?t to the lower end of a drill
string. Body 13 has at least one bit leg 15, typically three, which extend downward
from it. Each bit leg 15 has a bearing pin 17 that extends downward and inward
25  alongan axis 16. Bearing pin 17 has an outer end, referred to as last machined
surface 19, where it joins bit leg 15. Bearing pin 17 has a main journal surface 18
and a nose 21 having a surface 22 with a smaller diameter than that of surface 18.
Surface 22 is generally parallel to surface 18, relative to axis 16.
A cone 23 rotatably mounts on bearing pin 17. Cone 23 has a plurality of
30  protruding teeth 25 or compacts (not shown). Cone 23 has a cavity 26 that is
slightly larger in diameter than the outer diameter of bearing pin 17. Cone 23 has a

back face 29 that is located adjacent, but not touching, the last machined surface 19.

If the bearing type is a Sealed, lubricated bearing, a seal 31 is located in a seal cavity



6 adj acent to the back face 29. Seal 31 may be of a variety of types, and
in this enbodinent is shown to be an elastoneric 0O-ring. Seal 31 engages a
gl and or wopeai2ofsodzeari ng pin 17 adjacent to | ast nachi nedtasediansoold. O her
types of elastoneric seals may be used such as dual seals, seals with
non-circul ar cross-sectional shapes, 5etc. Mechanical face seals also may
be used. Cone 23 may be retained in nore than one manner. In the

enbodi ment  showhenCONRe Batkificd BE LS PRy BEBF b BS&Y Bf & ped¥indiPiy al i ty of
balls 33 that éngage a mating annular recess formed in cavity 26 and on

bearing pin lémbdhnkst ishdvock beomel @ nmaidfeamignGepidl ehagasd gaml drser t ed

t hrough a bal |l ..passage dur i assenbl y. 10aft ne, 23 i | aced on
bearing pin ffﬂ%¥W$8$%§§§' e@ggéﬁfgﬁg@n%%ﬂf eié1§"%fﬂ%?°ﬁ?@“Pgﬁﬂis and
may be pl uggegtaRmS ekt @ askidhl fal3sedlstyvitNgdratit®br cross-sect3akt dhapss, of the
cavity 26 slidingly engage journal surfaces 18 and 22. In one enbodi nent,

t he out er Sendetef Meghamed! fapgseals alsa aydeasersi dered to be at the junction

with the gland area e ed, by .seal. 31 d the inner d of j.ournal
surface 18 is 15CO§%%%%$%ﬁYP%¥%ln%{HVH%fﬁﬁﬁgFﬁgﬁmﬁf%ﬁhﬁ %mﬁ %%5§n%r race

for balls 33.shboul Batle Uk tasiasd dBbeartihgdin SEDY @ phfialatyjofUaINEd 3 theedrighge 4 Or
| oads i nposed along the axis of drill bit 11. ~ In sealed |ubricated
beari ngs, a fmpkRg frukar ceasss feaned Breaviy Poand ed bemingrpiek? eBrids 3blocki on of

journal surfa I: j 7 gﬁ?g ' fi S 37 is
| ocat ed on tH%%ﬁégéggggﬁ%ﬁ*ggég ?% gﬁbgdﬁgg? a %h&$§%§3féﬁ& g%%%?ﬁk@ pin

17 bet weel® baiftes c3de 20013 paal o8 bearkig 1sih 100 Ball pdssabsds eauhds tbehasxtaidief ar eas
of journal surface 18. First port 37 is connected to a first passage 39 via

bal | passage 3b'egriraad maydeiusesg as sheren elberdallupy? PedAtaidser voi r 41 that
contains a | ubri Capty;ogobte hmg/tz6rs@iaﬁ{gv>%r{gag%jroﬁm¥al LgrREs 88 YAd 21 4 e

types. I n one enbodi nent, an el astoneric dira agm 43 separates | ubricant
in lubricant embaliment thtbufareml af ponmilimiréatildns postdedd to baht theqdstivbo t he

exterior of bit, body 13. Conmunjcati port 45 co i.cates the hydrostatic
o easure on CNED &k HiHGeb IR b B b Ao b GR0 4o CBApBHER Bt o
reduce ang pr&feidRldto 868 4Uadht ZhctibE wRthaRs BloBvElbf fa8E RiMbaRd 3 80Rekeen the

| ubricant and the hydrostatiCc pressure on the exterior of drill bit 11.

The preci se posfacesorf ang Betevweens djeamphgpapha fartoadsdmposed ad@ithe pxis ohs t he
drill bit 11 '%légﬁged during service, thereby creating eccentricity. The
eccentricity g sult of the differences between the outer dianeters of

journal surfaces 1f @8d2dricated bearings, a first lubricant port 37 is located on an
exterior portion of journal surface 18 of bearing pin 17. In one embodiment, first

20 port 37 is located on the upper or unloaded side of journal surface 18 of bearing
pin 17 between balls 33 and seal 31. First port 37 also could be on other areas of
journal surface 18. First port 37 is connected to a first passage 39 via ball
passage 35. First passage 39 leads to a lubricant reservoir 41 that contains a
lubricant.

25 Lubricant reservoir 41 may be of a variety of types. In one embodiment, an
elastomeric diaphragm 43 separates lubricant in lubricant reservoir 41 from a
communication port 45 that leads to the exterior of bit body 13. Communication
port 45 communicates the hydrostatic pressure on the exterior of drill bit 11 with
pressure compensator to reduce and preferably equalize the pressure differential

30  between the lubricant and the hydrostatic pressure on the exterior of drill bit 11.

The precise positioning between bearing pin 17 and cone 23 varies as the
drill bit 11 is loaded during service, thereby creating eccentricity. The eccentricity is

a result of the differences between the outer diameters of journal surfaces 18 and 22



WO 2012/ 050674PCT/ US2011/ 050011 7 and the inner dianmeters of cavity 26,
surfaces 27 and 28. FIG 2 shows an annul ar clearance 51 that is greatly
exagger atwa 20wospd7Hust rati on purposes. In actuality, anmrgrarsahesmance 51
is quite small, typically being no nofe than about 0.152 nmm (about 0.006
inch) on a side. Annular clearance 51 nay be the sane as in the prior 5art
bits of this type. Referring again to FIGS. 1 and 2, one enbodi nent of a

di amond- enhangRAhb afet HAmSKSS 6l fy 3B WMPFacdsD 7 AMdD se Q) BRI s arORBuRF NOr e
bearing rings 53 are formed at least in J)art wi t h di anond- enhanced
e

mat eri al . Bea¢lpargnaeci Yghat)is s@ady exdggeratd fedillyatrasiantperpases. blotatuetityt he out er
journal surfaces,; 18, and 22 of the journal, 10 .pin 17 opn the rolling cone
bit. One or rr%nrnéﬂ%éﬂpegrragf eegloésaqrulltﬁﬁﬁaﬁh%/glc %Yﬁ%lgg B8 "oF ﬂ)@H ag?utﬁ)elaggt ¥n part
wi th di anond- @bbaric@ib ifet)em Aide. Beatiah glehiaed $) ma ba kiR dafetadhin 86 peidr ei t her
or both of the inner surfaces 27 and 28 of the cone bearing 23. e or nore
of the beari n@"bit%@fsth@S}’PﬂéS may be attached to the respective surfaces 18,

22, 27 and 28 of ] ' d ' | ng t echnol ogi h
e’ brazing, 15sol UreRae Balh A DIER 005 B8 bl ERt RbREUEERY cnnont

met hods i s t obawEapantanld shohacKn thieembodmehy o816t mlsrd Batih@engy SD4ber

net hods. I n_ot her enbodi nents, the bearing rings are not forned as
conti nuous rifegaed piieash i prat with diasongreabanner masersal r Payine wre(@s3rarag
sections (e.g; = L t%@% ] . ne cavity
surfaces. Thglggtag%oé)%l&lrtr%gtﬁ )sb?%g)@@f}%c u 28‘%8%1%}1 h%‘?eséggﬁl?%gé’@ Irtr}%dgﬁrgg P

di anond- eithanped 7rmattke fadling comlelbétr Orenat/nasre sedarae beatg rigs baaes erfdrbead | S

and/ or ball race surfaces nmade of di ampnd-enhanced material. These bearing
surfaces al so*arast PRt g‘?‘mlo@ &phgnge g‘rafe,m\{/]m'a??ﬁr’d’ig -Séﬁﬁaﬁé‘éaew eri al

and may be atdaghsdhd® opf?]'éfif-ér%? %ur?zliceg he 2h @Y B?ihe%ﬁn@@&?i’n??@% g o3 %Jr@ces .

The schematic drawing in F | ustrates that channe 7 may be forned

25 in the conef thebedrimg rings 48] Ywmhyibe aitawhed taothe ndspectivesutfaas ilBgR2, The beari ng

may be a | ubrij ed,. seal ed bearing,,,0r .an open bearing W th passages to
flush dri || g FRRGHOn, ene e Fite tCoeie Onlsadoneh & B A dounhol e
tool consty uciordbring, ACRIBEHRARC Al ARNE td BRIt ffichinbf h@Rbdhas a body
having a bearing elenent (e.g., surface, pin, etc.) 30extending along an

axis. The bea®peignisely kesk the fegsihyshriskdttargorsaiberanetbeds. sur f ace

In other embodiments, the bearing rings are not formed as continuous rings,
but as partial or discontinuous rings, or as ring sections (e.g., half-rings), and
attached to the journal pin or cone cavity surfaces. These embodiments may include

20  thrust bearings made of diamond-enhanced material, rollers and/or roller race
surfaces and balls and/or ball race surfaces made of diamond-enhanced material.
These bearing surfaces also are formed, at least in part, with diamond-enhanced
material and may be attached to portions of the journal or cone-bearing surfaces.

The schematic drawing in FIG. 2 illustrates that channels 57 may be formed

25  in the cone bearing to allow lubricant to enter the bearing. The bearing may be a
lubricated, sealed bearing, or an open bearing with passages to flush drilling fluid
through the bearing.

In some embodiments of a downhole tool constructed in accordance with the
invention, the tool has a body having a bearing element (e.g., surface, pin, etc.)

30  extending along an axis. The bearing pin has a journal surface and a nose surface
with a smaller diameter than that of the journal surface. A rotatable element (e.g.,
cone) is rotatably mounted to the bearing pin and has a cavity slidingly engaging the

journal and nose surfaces. A diamond-enhanced bearing system is between the



with a smaller dianeter than that of the journal surface. A rotatable

el enment (e.g., cone) is rotatably nounted to the bearing pin and has a
cavity slwoizagloso@ngagi ng the journal and nose surfacesPciueamwsaienhanced
beari ng systemis between the WD 2012/ 050674PCT/ US2011/ 050011 8 beari ng
pin and the rotatable el enent conprising at | east one | oad carrying bearing
surface (e.g., ring) forned, at least in part, with di anond-enhanced

mat eri al . beanh% pRt mrth@fm&%le%mrﬁem EdiBpshi nelase&k@@'g@elarfsﬁ%ﬁéa%gnay
conpri se one of iamond grains in a matrix of tungsten car

hi gh-t enper atw@cefﬂ@hmpg)e“g@mdea@gasﬁurep@‘d vgih disman omicaedecmatyualyst alline

di anond; a | ow pr concentr.atio di anpnd- e

pol ycrystal line ma g?eélembgﬁfnéffnﬁsm %IHP?‘% nf“ﬁ ?‘ieﬁgltlgﬂ ?Oén%ﬁ(%aofii anond
and carbi de c@ppesd bRinsdn Amaaed odhmpRBs cabide; a RipH-tethpéraee, Pashtpredsae coat ed
with a reactive braze. The di anond-enhanced material may conprise 30%to
70% di anord  bymtersdisiiconhionfedpdyaysialting diagfond; aiasy-piessurd 108GoNENHREBNS.

The di am)nd e ter Ve n rosity of
about 0% anciata sl BbE! pether IS RSl e R RRRRBRECT L2

The di armnd nta)hdb@dﬂtrﬁl)mfﬂladd emhm%dlpw&t@la bedz_adNEn dnidl giit; dnd dsdrhddd ot her
enbodi nents, the bearing ring is installed on at |east one of the journal

and nose sur fRAEECIET caatrd Widhe 1961 YR PrazernEhadigmprdrephangedvagteaaipay se a 15
plurality of , &/ 0 R wifta [

di anond- enhan'%glg r?gtggrA]l tg%/t(’l'ﬁl%qggg? ergf ri ﬁwslﬁ’l é}g@%gzlendgtsa C¥e0<§lson iEbot h the
journal ard neageorsu ﬂﬂ]ad%ncmddermlandieldenﬁemaltnyay behensheaed, hgve amgpamepordsty

attached with 2| n der adhesi.ve d. mechanpi cal | ocking
by shri nk- fit?foqu}aut% rg@mﬁ?hmﬁ S%my%ng%%n it teeige Sk Fdpear ng
ring is a par&hﬂbn& mgb@aﬁan%ﬂc&m&ﬁ&uqv@,or%nﬁ@a fg. formed 20i nori ng

secti ons, or without channels as illustrated in the drawi ng figures.
The beari ng r| ng nlmlwtlﬁmﬂmrles@oélrmdmmﬁteﬁmang ngg meidstalddd afi & eastiorendfahe ed
material, a rolle r ol e .sur.face, Qr abal and a bal.l race

sur face. mmde 9Pl b iSRG HReEPE AT Wi o ek Ting Ry BoTRFIGe

enbodi mentss nEyraiey $RArih S riABhatirk FohRAL ataOIPInNRkH, Oth d@SndRLenhar&line
beari ng assenblies including di anond- enhanced material as described herein
may al so be uzelgriplh TAgdieaiinhangssupy be ingiadeghon bothghe mm&wm@n%ﬁ@urf@@arrpl e,
punps, notors, turbin ltates the
gener al arranagnéirf)e%nté %ﬁtg @%%gllﬁ‘lgéﬁog&%?%ggrt%ﬁggg‘g%o O%’ff%ﬁ] rmg’

i ncor por at es ztdhemda:saaﬁmﬁlecﬂmﬂﬂaﬂqedqngbyslﬁinkbﬁt@hg,r;gnmgedphhmg@r ﬂ;&;&vayfs t he
present inventjon. Wile 30the di anond-enhanced, thrust-bearing assenblies
112 of the prélé@ﬁﬁtw%éhﬁwﬁmwg%a paitial HRgendolipRan P UESOT TARY brfioRgedne or
nore bearj RS i Jes 112
may i ncl jéﬁe alrl}lly tV\BCtl#r(%Jntsui E/er%e g@%@%‘l&ﬁ}%%Stlgtﬁg{)ﬁ%ﬁgg%%@ﬁgﬁ@gfrﬁces aving a
desired si ze mndnghapemaySwalpriset diruftédgatimgmade of diamond-enhanced material, a

roller, a roller race surface, or a ball and a ball race surface made of
diamond-enhanced material. Moreover, these various embodiments may be used in
many different combinations as well.

25 The bearing assemblies including diamond-enhanced material as described
herein may also be used in additional subterranean tools including, for example,
pumps, motors, turbines, and rotary steerable tools. FIG. 5 illustrates the general
arrangement of a downhole motor bearing assembly 100 that incorporates two
diamond-enhanced, thrust-bearing assemblies 112 of the present invention. While

30  the diamond-enhanced, thrust-bearing assemblies 112 of the present invention may
be referred to herein as including one or more bearing rings, it is understood that the
thrust-bearing assemblies 112 may include any two mutually relatively rotatable

bearing surfaces having a desired size and shape. Such motor bearing



WO 2012/ 050674PCT/ US2011/ 050011 9 assenblies 100 may be included as a
portion of a positive displacenent notor conmmonly referred to as a "nud
not or" aswokmswT4i n the art, and, therefore, not descrchas2ti@nsiont Such

mud notors are described in detail in9 for exanple, U S. Patent No.
6, 543,132 entitled "Methods of Making Mud Motors," which issued on 5Apri
8, 2003. As shown in FIG 5, the notor bearing assenbly 100 includes a

central tubul aes@erﬁamh@ber‘na[lyg&e%_clqaéd/&sm&rﬁo&éﬁa bosRlEsgiicaeabhyop thin a

tubul ar bearing housing 118, with the downhol e notor bearing assenbly 100
| ocat ed and peawndilpgefeoed toedsat Tored motaat ain kbewneethetahteard!, itheesthaf hot116 and

the housing 118. . onents ,10above and bel gw.t.he actual noto ring
nssently 100 SR TRUERTT Sor LR Moo Sl CRTTIddn ARAL b o P Lo
neverthel ess pReANY. 85483 chiifedNI¥BsNAS M AR Mud Wbk €Y whichtif®edhi on of
t he downhol e notor and supplies rotary drive to a drill 'bit, such as the

drill bit 511 Apnl&t2088ed in FIG 1. The driveshaft 116 rotates relative to
housi ng 118 duri ng tor o ion. 15The .di anond- ange t hr ust - beari ng
houonli s 115 | nonbRiSln RSERS RD mol il ATBRSLEMIANGRG  BhHR - OOt

second bear i n@btlan@swihdle mbas Riri@tshiahtel 166G tedaskdbNgwithifgsubder Béading he
second beari ng rings 122 conprises the silicon-bonded dianond material as

previ ously delsingdds, vih valednaienbearingasteniily 400 losaled agd pioviglingo may
i ncl ud S
200ar by do, - and g PieHPERbn bichoch BTl cBlan | ¥ an ARSI (RCICEHpNpRS " "

support el(enmesttovd 24d b8bwithandtysl ne@chbeaeiagaskeh®dayr 1 000are nogllhdZtedayTliodel ude a
support element 130 forned of, for exanple, sintered, tungsten carbide

havi ng the sifSitehnBhted brayrshe crarersnie hashe orvsbal hEt saptated by the
Al ternati vel YacloR of HERIcHHABRE H150E gnd §u}ﬁ}‘5g§sﬂrf%&r§’ﬁg%@@ d Aﬁ%it%gag WBetkos 120

and the second bearing 25rings 122 na ornmed entire

si | i con- bondelit di dhstretednat EXG.dl. . THEhkivesitadr 1 lIbeataias gelassetothloysid® 01 & tsang

i ncludes two radi al bearing assenblies 136. Each of these assenblies 136
i ncl udes a r o8t RBS'FU-al bearing ring 138, which runs at a bearing

interfacesl40, agaiRsdiamoR@ehhed ihitubfebRHRAP AemBli&EMindidde #hait BEfifst I ST
bearing ring 120. The notor bearing assenbly 100 al so 30 includes radially

i nner spacer bdangs ring2 120 ayl apair of seactidbdaginguings 1 Zhaltash of itheffiistigaring
R e o B R B ks AR S ISR %
100, i.e., tomufReialdsistvibedy 1e@ribéd1ds sdd eaivddinheits pagefirst beagind fig 170e
conpressive fr?lra}c/; iencllu%%kassui)goeﬂ ];lie;nse;[lt 124, formed of, for example sintered tungsten
20 carbide, and the silicon-bonded diamond material 126 formed on the support
element 124. Similarly, each second bearing ring 122 may include a support
element 130 formed of, for example, sintered tungsten carbide having the
silicon-bonded diamond material 132 formed thereon. Alternatively, in some
embodiments, the each of the first bearing rings 120 and the second bearing
25  rings 122 may be formed entirely of the silicon-bonded diamond material.
The motor bearing assembly 100 also includes two radial bearing
assemblies 136. Each of these assemblies 136 includes a rotating radial bearing
ring 138, which runs at a bearing interface 140, against a portion of the support
element 124 of the first bearing ring 120. The motor bearing assembly 100 also
30  includes radially inner spacer rings 142, 144 and a radially outer spacer ring 146. In
practice, an axial compressive force is applied by external locknuts (not illustrated)

to the radially outer components of the motor bearing assembly 100, i.e., to the first

bearing rings 120 and the spacer ring 146. The compressive force locks the first



WD 2012/ 050674PCT/ US2011/ 050011 10 bearing rings 120 and the spacer ring
146 frictionally to one another and to the tubul ar bearing housing 118.

Si m | ar | ywolorkisod7s appl y an axi al conpressive force toprChase@dioadoiy i nner
conponents of the notor bearing assemtdly 100, i.e., to the radial bearing
rings 138, spacer rings 142, second bearing rings 122, and spacer 5ring
144. The applied conpressive force |locks the radial bearing rings 128,

spacer rings Jddng$ReONh BRAGE BSackt ﬁlggwle?%cﬁef#alﬁy&a%é aﬁétﬁ& ahft4o e one

another and to the driveshaft 116, so that when 'the driveshaft is rotated
by the acti ontubfilat hesrimgthonsing Fné&esmolﬁpl(ynl@nkmlts' @n}éy en giinlcompressivgfogei s an
enl arged illustration of the b r|n ring 120 e sec

SObont g i 8y s iembphd AT b et et 100G S I8 e
silicon- bOﬂdeﬁdﬁﬂB&H@ﬂ@ﬁ@%@BB aée?@ngsl@?z fs@doﬁ’iﬁ%e%g%r%érlfzacﬁldojpa&éﬂe support

el ement 124, 130. The silicon-bonded di anond material 126, 132 may conprise
the di anorid- efhahtedihs apphehceapishsies fogiedyclsgheradzl bersieringsd 284swaeeri t h

respect to Fl%s 1%22%6\%@(13%&1 | e%%g l?@%or% rrlnrét 4r{90 eggoﬁh%r a%é%@ﬁf%e such

as a dinple or gr e SI°1'F Eon- ed nmateri al

126, 132. Fordexs3hitt €16, ast}&hmmn tHe drivisha is @otpled bialthd actioh o€ thdirgdtst, ant
radi ally extendlng grooves 150 may be formed in the silicon-bonded di anond

mat eri al 126, thespcompeaerss rotalgwiBbkded di anond material 126, 132 may be

attached to the supRoldisgh el HiuaddDobint i KDAD, Al AR, LESH! dues

i ncluding, for exanp razi sol'deri n chani cal

| ocki ng by shbealmhgfrlngtlmgAsrshmn nie b&pimgmngglzor 1 Xeipoladss th&silpobbodesll vy

di scussed, in_ sone enbodi t he suppor ment 124, 130 y..al so be
forned of t hedi@mond BRIGBhUEN 197 ApBted ek Srioss Ofiéssupm@ dlepgntd Pt Bon- bonded

di amond mat eril ik&bh-bomid H&Ynd?ﬁ%ﬁatéq&l%@ k@%ﬁaﬂorﬁﬁ}%%é &BmBhdLhiRed s (10

nmm to about five hundred mllinmeters (500 mm. bearing surface 121 of

t he sili con- bohdedcaghde (381691dlarmtaédq:sahbaizz&)oviMthnagpebtdoé?dGBehsmd 4. At
substantial ly t.he be rin s 120, 1 are.descri bed
25T netuch ng” WRURE SRS NER SR HIBALEh Paf ArbRREs - eNBAce B dHcod

mat er i al s]9MayfRms® iPRe 43REn bend @ atkRs l%af 32'1936rle5351§p1%2& shd%4-in FRG. €%anpl e,
in additional enbodi nents, the di anond- enhanced nateri al % conpri se one

of : diamond gplarakisy phequidigtantiradighly goerins s vear Wi ey baforingdh it @aper at ur e,
hi gh-pressur emﬁ'connt—gcgned%d %hllrr'lo%% mzll%grleg q§6 132. The silicon-bonded diamond

material 126, 132 may be attached to the support element 124, 130 using known
attachment techniques including, for example, brazing, soldering, adhesives and

20  mechanical locking by shrink-fitting, pinning, splining or keyways. As previously
discussed, in some embodiments, the support element 124, 130 may also be formed
of the silicon-bonded diamond material 126, 132. The silicon-bonded diamond
material 126, 132 may have a thickness of about ten millimeters (10 mm) to about
five hundred millimeters (500 mm). The bearing surface 121 of the silicon-bonded

25  diamond material 126, 132 may be at least substantially planar.

While the bearing rings 120, 122 are described as including a silicon-bonded
diamond material, other diamond-enhanced materials may also be used to form the
bearing rings 120, 122. For example, in additional embodiments, the
diamond-enhanced material may comprise one of: diamond grains in a matrix of

30  tungsten carbide; a high-temperature, high-pressure sintered silicon-bonded
polycrystalline diamond; a low-pressure, low-concentration, diamond-enhanced
polycrystalline material; an aluminum nitride intermetallic bonded diamond and

carbide composite; a brazed diamond grit; and diamond particles coated with a



pol ycrystal line dianond; a | ow pressure, |ow concentration,

di anond- enhanced pol ycrystalline material; an alum numnitride

i nt er net avbi2o1203m6t@d di anond and car bi de conposite; a brazas2diiasend grit;
and di anond particles coated with a WD 2012/ 050674PCT/ US2011/ 050011 11
reactive braze. The di anond-enhanced material may conprise 30%to 70%

di anond by volune, with a grain size of 5 mcrons to 250 mcrons. The

di anond- enhangediEesd athowindR.-Sikeh K1 Atkial MANQRBrABSRANES] ty of about

9% and a principle binder phase conprising 13S'C with sone free Si. The
di arond may 5dipeond Apwakien ah eexfaingizgof dinaigremd td 23Gmicrons. ThRef erri ng agai n

to FIG 5, in;operation of the dianpnd-enhanced, thrust-beari a nbl i es
192 the si | | CONOBERHERCH mHSFar HAL BF ATNI8: BivechaPH PUBSHLTIRG ing 120
and the sili cafitdbpmnedesle dindePptchseviBpiisthg AS2 With dife 586 ONATIRAAEMHEH by 122
run agai nst one another at bearing interfaces 180, taking the axial thrust

10appl i ed % o bhdiagendeshmred WGor qinmosd filrson- bonded di anond material 126 of
the first bearing plag; and Ptlg.e%,sdllobgr%éxfjgﬂﬂggia?rio%ﬁpe% mayerial 132 of
it"a very

t he second bearing ring exhi Oow coefTrcCl en'fmcg?j’ friction, yet

are extrenel ythhat-Beardigalbdnitgics hemth@siliadebended dgendidimatetiflads g thw fiksout
undue damage._ For e,xarrEI e, .the silicon-bonded dianond material 126, 132
| ubri cated wi P8 iRaree 188 ang thesdiondioaded ¢pmend maganal 135 eiche sgrond bedsingt 0. 1.

Compar at | vel yynd AR5 GaechounasEPR 18RS g 0eh 1) WRLICAL BluheR) Nave

coefficient o rirction of about earing I nterfaces
180 may b coaglpidd antheldulveshafitiéd. diue sihigowpemdedidamdnd datietihli 2g oflthe fiesor  nmud,

whi ch i s exhausted fraom.the _ downhol e r and which flows axially down the
not or beari ngt_’e&fg@g%sﬁ}iebggﬁdwcgarb&wﬁ% &ﬁ?’@ﬁgﬁ‘af%@[]&?_o & sc5pd DBYEG  6)
bet ween the sjjh eonendede I ANRPEHIRLESS BicBork 38 arl%gtrérﬂelg?ﬁrd?gﬂrmliﬂg rings
120, 122. A typical drilling fluid path is depicted 1n Fl 5'w th nuner al
183. | nthawidb taksrabrgerpmd | oxdimg syithoeuiduesihmbear Forgexamply, 120 and second

bearing ring 122 not.. be f.or ned cont.inuo ri,ngs ut as_partial or

i scont nuous T Prgeinds g HaTeiat 136, C3 PSR e i SpBae oF

enbodi ments nAMindElcHeR oREbdaeani @ﬁnpa?aﬁivlegzﬂ SniaBHEREd fuRLdte cdrbiae apdir f aces

and balls and/or ball race surfaces inclu n?'at | east “one bearing surface
11

formed of theunpbricaénd strshbiee anoghibnient whsledingfrictipe of aggut 0Phe bearing rings
120, 122 of he b et DGO 01 PR LSS SEL o e IR B A ES
punps, not or sdriléing fldfd drdmind, twehichQ lexlexa el feym tHeaelobedbleigotbt AGSWHIRR flowd2
axially down the motor bearing assembly 100 and radially through the grooves 150
20 (FIG. 6) between the silicon-bonded diamond materials 126, 132 in the bearing
rings 120, 122. A typical drilling fluid path is depicted in FIG. 5 with numeral 183.
In additional embodiments, the first bearing ring 120 and second bearing
ring 122 may not be formed as continuous rings, but as partial or discontinuous
rings, or as ring sections (e.g., half-rings). These embodiments may include
25  bearings, rollers and/or roller race surfaces and balls and/or ball race surfaces
including at Jeast one bearing surface formed of the silicon-bonded diamond
material 126, 132.
The bearing rings 120, 122 of the present invention, as illustrated in FIG. 6,
may be used in any downhole tool in which bearing rings 120, 122 are utilized
30  including pumps, motors, and drill bits. For example, the bearing rings 120, 122
may be included in a turbine downhole motor, as known in the art, and described in,

for example, U.S. Patent No. 5,112,188 entitled “Multiple Stage Drag and Dynamic
Turbine Downhole Motor,” which issued May 12, 1992. In an additional example,



may be included in a turbine downhole nmotor, as known in the art, and
described in, for exanple, U S. Patent No. 5,112,188 entitled "Miultiple

St age Dr ayoantr/i3yeram ¢ Tur bi ne Downhol e Motor," which i sewad20apsMm21 1992.
In an additional example, WD 2012/050674PCT/US2011/050011 12 the bearing
rings 120, 122 may be included in a centrifugal punp 200, as illustrated in
FIG 7. The punp 200 includes a hollow housing 212 that is connected at its

upper end W tiie BBarfGaRicarn 2812 niiiebd RMRIde@Nth &hnttfigainRus 10 asllzlu's@ated

connected through an adaptor 215 to a device known as a sealing chanmber
(not shown) whildQ. B Pq“b@p‘ilms 20Qiwstudsnd heBowdotsng 262 Babigisaeresiadlat ite| ect ric

h 200, A n 216 t hat
otated by + nbre sk AR, BT Rt TRySuBghe Meenh O 0,

shaft 216 is t(hﬁﬂllgﬁ(éh%daﬁt@’fzIFSQb&tdeOi&e\khMﬂn &R etdiRb hZdBer (R8Ghowapwhihneans
of a key 224. The punp 200 al so includes diffusers 226, 228, 230, and
10232. Thé dikiisdowerzpg coppgtedige submersibhe flgeieic anater{nptashpyn) & driaingannul ar

234, f\0 f 20,
255 7o pr ovi HEOFEP The oty P Bt P nictprp LRk Ribusg P
relative to tthepdmbf20eers 226, 228, and 230, bearlng assenbl i es 236, 238,

240 for carrying both thrust and radi al | oads,. are_|ocated between a
respective i npel | eFheRpiEnRsheft d@ns connepted for rptatign watk impglkers 12928 2%ne of

the bearing %@Q{s t2 1@?2511 thggux‘gﬁ 2800 i dhudel & ﬁ%erstz,b_g %aﬁg@%ﬂgsserrbl y

240 i ncl udes Irst bearing rin 1 and a secon earing rin
first beal n@232 ﬁ@eZidffum'ﬂ:lZZ&]é‘Z&@G()nIBZtieeluﬁﬂgceﬂtra@ijdczhtenﬂmymblar subst antially

simlar to the bearl ri 20, 12 crihed ab . As

previ ously de@%?ﬂ“@e?é @@3&8‘}8{{1? ?ﬂ&wéfﬂ’éi e ‘Frﬁ’ris‘{g g%)a ?2 TPing 241
and the 20 seggideBgand g}ao&th@gta%ﬁomx lmﬁal&gﬂﬁ@z%l%@&&m@%%@&ﬂé 124, 130
having a silicon-bonded dianond materi al f'oi ned t hereon (not shown

in FIG 8). 1théfu$qr$%26 Ba&rand@30i tmgnzgasmhbezaﬁ;aa&cmdommrynrrgdmtmer 220

and the secon n bonded t ffu r..228. In
operation of THE %ﬁ%ﬁgﬁgkmgﬁﬁgﬂﬁg%§?g%gﬁ§%§r?ﬂg:Bﬁﬁﬁpgkéf? g%%m? rotate,
25whi ch ciauses t herligees heEdlarkd8 vied26F o2 thedbdafih@b&emBHe W FAG. cauges fluid
to pass through the %Qg?ﬂZOO as illustrated by the arrows in FIG 7. As the

i npel | ers 218hoypon F et brasiag agsembly 2440 inpludes mfrst bepging4me4d apleé second

bearing ring s%édqqﬂeagﬁggingf%ah%hgﬁ?sﬁ "g?ﬁ% %Sr%r%h' e cogd‘j’geaﬂl% gmgligl armond

agai nst one anct her -a garing I nt e ST Con:

mat eri al 126 kY & subptaafialtsha@milar ®tthdbedringgind® 120,N@22M%dcrived abéve in FIG. 6.
sil i con-bonded di apnpnd mat ¢ rlal FIG 6) of the second bearing ring 244
exhibit a ver4yS PEYoRY¥erei éﬁﬁe%f£F$ %k@.%ﬁacwthaﬁéﬁ BSATEFNE 4 aang

28?2} g G%gw d) %é%%qgnhgrz%@ Y i ud QAP dNQYE 24NAY R hRgBIE. VO
silicon-bonded diamond material 126, 132 formed thereon (not shown in FIG. 8).
The first bearing ring 241 may be bonded to the impeller 220 and the second bearing
ring 244 may be bonded to the diffuser 228.
In operation of the pump 200, the motor causes the pump shaft 216 to rotate,
25  which causes the impellers 218, 220, 222 to rotate and which causes fluid to pass
through the pump 200 as illustrated by the arrows in FIG. 7. As the impellers 218,
220, 222 rotates, the first bearing ring 241 and the second bearing ring 244 of each
of the bearing assemblies 236, 238, 240 run against one another at a bearing
interface 252. The silicon-bonded diamond material 126 (FIG. 6) of the first bearing
30  ring 241 and the silicon-bonded diamond material 132 (FIG. 6) of the second

bearing ring 244 exhibit a very low coefficient of friction, yet are extremely hard,

enabling them to take a large axial loading without undue damage.



13 Whil e the present invention has been described herein with respect
to certain enbodi nents, those of ordinary skill in the art will recognize
and apprespave/ashet it is not so limted. Rather, many adaiuscanssoodel eti ons
and nodifications to the enbodi nents @escri bed herein nay be made w t hout
departing fromthe scope of the 5invention as hereinafter clained,

i ncluding | egal equivalents. In addition, features from one enbodi nent may
be conbined wi th featidiR@EnARRINAGH h@%@ﬁﬂé@ﬁ%d’ﬁ&éi@vﬁh'r&s?e&% 88tain
enconpassed within the scope of the invention as contenplated by the
inventors. \WD\xgipesderd POTHngRoskill mshoart wilkrecpghizeniappreiste dhatitned i s:

51. A bearing assepbly.for,a dowhole tool . the bearing ass l'y conprising:
at | east tV\D,nogrs)%g%iltﬁ%,ﬁ%?ruglfi?%a&étfoﬁi %:Leitvnsr %ﬁ%?%‘éb%a%ﬁg%ﬁoﬁﬁ% surfaces, at
| east a porti@bsiméits i@asteddReiOmay Bematie WaBGIt deyRinOPRAShdWopdBitthal | y
relatively rotatable bearing surfaces conprising a di anond-enhanced

mat eri al . 10 invention apherginafigsslpimedy inpdudinghlegal gAuivplantpn I additieniesfuren rom

di amond- en ha%g%n{ﬂ%hﬁ{énﬂnﬁg Bg@@&%& &pﬁ QhireANDAL FaDRer: Yrfte g@ﬁ rix of
tungst en car bi de; a hi gh-tenperature, Ri gh-pressure sintere

si | i con- bondestipadngemyakal Withie thedcepd ¢ the ihventivh@b coreemsein@l by the th@dtg@s.essur e
sintered dianond; a high-tenperature, |ow pressure sintered silicon-bonded
polycrystalline material; a silicon-bonded carbide nmaterial; an alum num
nitride internetallic bonded di anond and carbi de conposite; a brazed

di anond grit; and 20di anond particles coated with a reactive braze.

3. The bearing assenbly of claim1, wherein the di anond-enhanced materi al
conprises about 30%to about 70% di anond by vol une.



254. The bearing assenbly of claim 3, wherein the di anond-enhanced materi al
has a coefficient of sliding friction of about 0.1. 5. The bearing assenbly
of cl ai mwp 2b1vasbken conprising a plurality of recesses formsdoiiosdone

di anond- enhanced material. 30 WO 201@/ 050674PCT/ US2011/ 050011 15 7.
The bearing assenbly of claim1, wherein the at |east two, opposing,
mutually relatively rotatable bearing surfaces are substantially planar.

8. The bearing assenbly of claim1, whergimst he di anond-enhanced Smateri al
conprises a silicon-bonded di anond naterial . 9. The bearing assenbly
of claim8, wherein the at | east two, opposing, relatively rotatable

beari ng surfaﬁﬁgﬁggﬁﬁﬁ%ycpefficient of sliding friction of about O0.1.

1010. The bearing assen ]§'of claim 8, wherein the silicon-bonded di anond

mat eri al conprises about 30%to about 70% di anond by vol une. 11
The bearing assenbly of claim@8, wherein each bearing surface conprises a
pluralitydf receskes i\ bgtringagsambintor gfdoprbolgfoal.dbeshearipgassepplysi ng,

mut ual |'y 15rq#ﬁh%¥§&y rot at abl e bearing surfaces. 12. The bearing
assenbly of clairm 8, wherein the silicon-bonded dianond naterial is forned
over a suppordtieagt telopopobing, mutually relatively rotatable bearing surfaces, at least a portion

of at least one of the at least two, opposing, mutually relatively rotatable
bearing surfaces comprising a diamond-enhanced material.
10
2. The bearing assembly of claim 1, wherein the diamond-enhanced
material comprises one of:
diamond grains in a matrix of tungsten carbide;
a high-temperature, high-pressure sintered silicon-bonded polycrystalline material;
15  ahigh-temperature, low-pressure sintered diamond;
a high-temperature, low-pressure sintered silicon-bonded polycrystalline material;
a silicon-bonded carbide material;
an aluminum nitride intermetallic bonded diamond and carbide composite;
a brazed diamond grit; and

20  diamond particles coated with a reactive braze.

3. The bearing assembly of claim 1, wherein the diamond-enhanced

material comprises about 30% to about 70% diamond by volume.

25 4. The bearing assembly of claim 3, wherein the diamond-enhanced

material has a coefficient of sliding friction of about 0.1.

5. The bearing assembly of claim 1, further comprising a plurality of
recesses formed in the diamond-enhanced material.

30
6. The bearing assembly of claim 5, wherein each recess of the plurality of

recesses comprises at least one of a groove and a dimple.



2013. The bearing assenbly of claim 12, wherein the supporting el enent

conpri ses tungsten carbi de. 14. The bearing assenbly of claim12,
wher ei n twe 28idd5e47a- bonded di anond material is attachedprco/ush@i1os@pprti ng
el ement with one of brazing, soldering, adhesives, 25and mechani cal | ocking
by shrink-fitting, pinning, splining or keyways. 15. A
subnersi bl e punp, conprising: a plurality of stages, each stage including a
stationary diffusey andri satiag Qf@érﬁbl?r'm@ﬂalrﬁ?ﬂ, whéran%éoﬁ%agﬂ@o§@ﬁpoﬁh%,posed
between the stationary diffuser and fhe rotatable 30i npeller, the bearing
set conpri si nguielly elativelywotatablsestingsuripeasaed Jupstertiadly ipleehyy r ot at abl e
bearing surfaces, at |east one of the at |east two, opposing, nutually
relatively rotatable bearing surfaces conprising a silicon-bonded di anond

material. WO 20124 050671dKehlibS234rkb19900kin 16wherein the didBondléihafisdaner si bl e
punp of claim 15, wherein at |east one of the at |east two, opposing,

nut ual |y rdel abpigapheomprisasasilicopbandedgligneridaeesridonpri sing a sili con- bonded
di anond material conprises a plurality of recesses in the
silicon-bonded dianond material configured to allow a fluid to lubricate

and cool the at 5l®ast Theheatppasemply offlath@ak] whdreihalid at ¢dayt tivo] @pakihg beari ng
sur faces. . .17. The subnersible punp of claim15, wherein a first
bearing of t H&lagEely refetaklebesringsufacen bava ncoekiciat af slidineficins ¢figbeyt Gahd a
second bearing of the bearing set is attached to the rotatable inpeller. 10
18. The subnersible punp of claim15, wherein the at | east two, opposing,
nmut ual | 'y I0el at i vel 10.r ot Bicaizhenpeaembly of viafra8 eshaamiid slicoatbohéakdiaraoel of a

thrust bearing and a radial bearing, 1519 A not assenbly for use in
drilling subt@pFd §8Wpf1695r?g?‘i‘t§§s)‘i totah%m%t/b‘iha%}%&;ﬁbwaw@&npri sing: a notor
configured to apply a torque to a rotary drill bit, the notor operably
coupled to a bearing apparatus; wherein the bearing apparatus conprises: a
first structure haldng ‘Hie beansg assereblyeéclamg S evearentcadeidanngigirficé i r st

bear i ng comprises a plurality of recesses in at least one of the at least two, opposing, mutually

15  relatively rotatable bearing surfaces.

12. The bearing assembly of claim 8, wherein the silicon-bonded diamond

material is formed over a supporting element.

20 13. The bearing assembly of claim 12, wherein the supporting element

comprises tungsten carbide.

14.  The bearing assembly of claim 12, wherein the silicon-bonded diamond
material is attached to the supporting element with one of brazing, soldering, adhesives,

25  and mechanical locking by shrink-fitting, pinning, splining or keyways.

15. A submersible pump, comprising:
a plurality of stages, each stage including a stationary diffuser and a rotatable impeller
with a bearing set disposed between the stationary diffuser and the rotatable
30 mmpeller, the bearing set comprising at least two, opposing, mutually relatively
rotatable bearing surfaces, at least one of the at least two, opposing, mutually
relatively rotatable bearing surfaces comprising a silicon-bonded diamond

material.



20surface, the at |east one bearing elenent of the first structure
conprising a silicon-bonded di anond material; and a second structure having
at | east woeotrasoi7ag el enment defining a second beari ng earfuse@/osdvel fir st
beari ng surface and the second bearinig surface configured
to engage one another during relative displacenent of the 25first structure
and the second structure. 20.The notor assenbly of claim 19, wherein the

bearing apparatus tONPrigesbAkersitt@simPENSn B5, hddicd] athQaf dRGfaRRAlaus and
a thrust-bearing apparatus.

two, opposing, mutually relatively rotatable bearing surfaces comprising a

silicon-bonded diamond material comprises a plurality of recesses in the

silicon-bonded diamond material configured to allow a fluid to lubricate and cool the at

5  least two, opposing, mutually relatively rotatable bearing surfaces.

17. The submersible pump of claim 15, wherein a first bearing of the
bearing set is attached to the stationary diffuser and a second bearing of the bearing set
is attached to the rotatable impeller.

10
18. The submersible pump of claim 15, wherein the at least two, opposing,

mutually relatively rotatable bearing surfaces comprise at least one of a thrust bearing

and a radial bearing.

15 19. A motor assembly for use in drilling subterranean formations, the motor
assembly comprising:
a motor configured to apply a torque to a rotary drill bit, the motor operably coupled to
a bearing apparatus; wherein the bearing apparatus comprises:
a first structure having at least one bearing element defining a first bearing
20 surface, the at least one bearing element of the first structure comprising
a silicon-bonded diamond material; and
a second structure having at least one bearing element defining a second
bearing surface, the first bearing surface and the second bearing surface
configured to engage one another during relative displacement of the

25 first structure and the second structure.

20.  The motor assembly of claim 19, wherein the bearing apparatus

comprises at least one of a radial bearing apparatus and a thrust-bearing apparatus.



