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BACKGROUND OF THE | NVENTI ON Field of the Invention The present inv nh 2002
relates to fluid filmbearings. In nore particular aspects, the invention
relates to inproved notor bearings for electrical subnersible punps and the

| i ke whose notor shafts are maintained in a substantially vertical position
during operation. Description of the Related Art Electrical submersible

punps (ESP' s) ingl ude

or other fluids W %ﬁf& > BOE AT
rotor that is contained within a statronary stator. The rotors for the
subnersi bl e punps are uBACKGROUND OF THEAINVENIION al | y vertical position
by virtue of their placenment in wellbores, which typically are vertical
shafts. ﬂ@mgfﬂg’eqnvmﬂd,ng operation, the rotor shaft of the notor is
oriente e vertrcal position. The bearings which surround t he rotor
shaft are oft A api.ngs
require a si d@ﬂe{ grfeéé’{? %x%b{g{)}?r fldt%)%eto:fﬁﬁ# ﬁ%ﬁgdn#& ﬁg%lr{ ﬂfm gﬂ)e&flshfeH r ot or
shaft is,rotating in a vert cal osrtr ther i.s |i Ie or n e | oad
bei ng aplSiVFRIPIEIa{Gs 4o HRERoY e"eﬁgrraﬁlwﬁc rrhr%ereéfm@nsre i ik y i
the bearings, which results |n excessr ve notor vibration. Excessive

vi br at i owhpse meter Breaditsiangywaintainaskio seubstenthdavenipakpasiticagdurig loperation.hr ough
the oil filmresulting in netal to netal contact that can |lead to premature

wear andDMﬁJnadﬂtuégelﬂédgwati ve bearing systens have not proven
effective 1n the long term H gh well bore tenperatures nake el astoners
undesirabl e i 4 riction
fit rotor bearﬁ}e?igfcgls%gﬁﬁ?{lbl@%u Mp%’e@gﬂrlrlge oglgg%ggﬁ?tgrrr%n raﬂ@g?% ange in
t he wel | bor Fl ui | m rings or bearings,that support th haft of a
ot or - ont RS AP T Q6PN G tESAsURETE. 1T Slesliang SRR Sa FoRiatl8 U oy e
to Sence et al. describes fluid pressure bearings wherein high pressure
fluid i sthatissentained withineassationanystatest dhe rotarnierhe sehmargiblepamps atedisvally, S,
Patent No. 3,196,301 issued to Turk discusses fluid filmbearings and
descr i begdisposeé ihasubstanfigity westioad pesitiontpevittas of theidplaatrhant dii avellbdres, evhich t o t he
bearing to provide cl earance

typically are vertical shafts. Therefore, during operation, the rotor shaft of the motor is

oriented in the vertical position.

The bearings which surround the rotor shaft are often of the fluid film variety.
However, fluid film bearings require a side load to provide optimal dynamic stability. Since
the rotor shaft is rotating in a vertical position, there is little or no side load being applied to
the bearing during operation. This causes instability in the bearings, which results in
excessive motor vibration. Excessive vibration in the bearings can cause the bearing sleeves
to break through the oil film resulting in metal to metal contact that can lead to premature
wear and motor failure.

Alternative bearing systems have not proven effective in the long term. High

wellbore temperatures make elastomers undesirable in such a bearing, particularly as a wear
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between the rotor and stator. However, these arrangenents are, in practice,
vul nerabl e to damage fromvi bration of the rotor shaft within the stator.
Mere flowi ng of fluid around the rotor does not provide effective

resi stance or danpening of strong vibrations, such as tend to occur in
downhol e notors. It would be desirable to have devices and net hods t hat
address the problens of the prior art. SUVMARY OF THE | NVENTI ON A novel

beari ng assenb and. bearing. syst em.f or tor is described wherein a

Fru o SraRecas Ehr B G PR TR P Led S ke RaseR IOPBRERFE FhEheE fe
rotor shaft. Lubricating fluid is supplied under pressure to |ubricate and
repl eni sin theaavellberied film | ocated between the rotating, inner bearing sleeve
and the outer, stationary sleeve insert of the bearing assenblies of a

not or. The sl Bewefiinnbearings or iwacivgciheat sappdrt thewshalt o mtorrog fhad argesnéhat
permt lubricating fluid to pass through the body of the sleeve insert. The
steeve | Faelkahpledisn At nNAlisal Inyseul il (& stheeucall BaRAbedMhidShressRd 2
fluid gap 1s defined between the two conponents. 2 HUNTSK\ 9010RF\ 045385
HOUSTON\ 236.78 3/.6/ 02-:%}10: 38 AI\4l . Duri.%_q cpperra;[/i QN }/(;t(l)orrf%%(t)i on f i he rotor
shaft w ?ﬁngfP@egell%pI HI6PE mgé?*rB’é %y YHEFT 'Y sprlnlgﬁl OPESHRY y the
nmetering of fluid through the sleeve insert. As a result, friction is
reduced HAErtHe- PaieaNard, k16,30 dssued tor Tyrk dissussesfluig filprbepsmgepndesonber THE
DRAWNGS Figure 1 is a side cross-sectional view of an exenplary notor
beari ng assbhnighy for asiag andnpeller to asalyrdiawdmiduntth thebeapng®gnovidevlearann.
Figure 2 is a side view, partially in cross-section, of an exenplary

beari ng p¢ieRUeRNEt0? 2RE VAL NIRFevES @tksé RrrAdRnRABSE) i pedeAYe) vuthelibliioe 1.
Figure 3 is a side cross-sectional view of a portion of an exenplary

cr oss- SeRunamaro VIR Blrold R BAAR fhoor K R S BTaRRR MR o 1

bearing in greater detail, Figures SA and SB are a side ¢ross-sectional

vi ew of aﬁoreéasﬁﬁpfapry\%teﬁ‘ﬁctmcrs%lﬁemcstqrﬁ@mﬁs%wg AEStEneoRbRfiens, IR teRt od i n
accordance with the present invention as well as a vibration and

t enper at tor @csemsdovgrhatermotgesrent .

It would be desirable to have devices and methods that address the problems of the
prior art.

SUMMARY OF THE INVENTION

A novel bearing assembly and bearing system for a motor is described wherein a
fluid shock absorber is provided to cushion and dampen vibration of the rotor shaft.
Lubricating fluid is supplied under pressure to lubricate and replenish the fluid film located
between the rotating, inner bearing sleeve and the outer, stationary sleeve insert of the
bearing assemblies of a motor. The sleeve insert is provided with fluid metering passages
that permit lubricating fluid to pass through the body of the sleeve insert. The sleeve insert
is disposed radially within a sleeve insert holder, and a fluid gap is defined between the two

components.
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DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS Figures 1 through 4
illustrate a bearing assenbly constructed in accordance with the invention.
Figure 1 shows a portion of an electrical submnersible punp notor 10 that
has an outer housing 12 that encloses a stator 14. The stator 14 is nade up
of a nunber of |am nations 16 and encloses a bore 17. A rotor shaft 18 is
rotatably disposed within the bore 17 of the stator 14 and supported by
bearing assenbly 20. It is pointed out that, while only 3

HUNTSK\ 9010RF\ 045385 HOUSTON 23678 3/6/02--10.38 AM a single bearing
assenbly 20 is depicted here, there are, in fact, a nunber of simlar
bearing assenbhrieg opesationg¥ibygiiontef therrpion peaft wiship thegttatambere isxmped hy thet he
same notor 10. The bearing assenbly 20 is representative of each of these,
and it sfiaidlsgrihg creared Pyitientetehiag ofiflnidrthmugh thessliseive s miAsiaassult, friction

conmbi nation, will forma bearing systemfor support of the rotor shaft 18
in the nRLEGuED and PR I o RfhotdBSincRhsddes cylindrical |am nated plates
19, and thrust washers 21 surround the rotor shaft 18 and abut the bearing
assenbly 20. The rot or, L8 AL SO AL RS i G & al.o| ongi tudi nal bore 23
having lateral fluid Fow roE RGeS PO WL, T -"‘-'2%"!‘-" al |y outwardly from
the central bore 23. The bearing_ assenbly 20 includes several concentric
nmenbers that Wigure bds asiderrpsceriiong viry pham sremplas Betordeating assaaby. The
beari ng assenbly 20 includes an annul ar bearing sl eeve insert hol der 22

t hat pr esantractad ceadcomlangowith dre [2éseaf ineentamged di aneter and two axi al
portions 26 of reduced dianeter. A pair of grooves 28 are disposed in the
enl arged di anpfe@re pfaratsadémi&&-paﬁmgh@ém@dﬂgebﬁdh%ﬁaﬁ&& B&ArB sfRVe 4 30
are di sposed each of the grooves 28. When so di sposed, the springs 30
extend o r.d| LI ahj | r i 28 (see Figure 4). Wen the
beari ng é%%%evlgsﬁ\ﬁn‘zsg??"ﬂlgl)éﬁgeep%g;ﬁng’wgggéﬁg&' into the bore 17, the springs
30 are urged against the bore 17 and are conpressed to forma resiljent
seal . A sl eevElgurshise sile Grassisertionaldigw af aperion,p m%emkarlbé%@msassgmé ve
insert holder 22. The sleeve insert 32 (shown apart fromthe bearing
assenbl y showfriapart fom)the statm. annul ar ring that has two grooves 34 inits
external surface 36. As will be apparent, the sleeve insert 32 contacts the

fluid within gigutelt ds ahasealp @boPgclibal RXdveliiNatratigd séthe 20 kRAAGIdWRIated i t'S
internal radial surface contacts a fluid filmbarrier that hel ps to support

g?g/ (r)(zjt ? eg:ﬁg%j%@gb@ﬂﬁ’lgrﬁgféﬁ%ﬂeﬁqﬂmsm 9010RF\ 045385 HOUSTON 23678

Figures 5A and 5B are a side cross-sectional view of an exemplary motor
incorporating bearing assemblies constructed in accordance with the present invention as
well as a vibration and temperature sensing arrangement.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figures 1 through 4 illustrate a bearing assembly constructed in accordance with the
invention. Figure 1 shows a portion of an electrical submersible pump motor 10 that has an
outer housing 12 that encloses a stator 14. The stator 14 is made up of a number of
laminations 16 and encloses a bore 17. A rotor shaft 18 is rotatably disposed within the bore

17 of the stator 14 and supported by bearing assembly 20. It is pointed out that, while only
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damage to the rotor shaft 18 due to friction and abrasion. Fluid netering
hol es 3 8 are disposed through the insert 32. There are preferably only two
such holes 38 that have a mninmal dianeter so that fluid is transmtted, or
met ered, through the holes 38 slowly and some of the nmechanical energy that
has been inparted to the fluid will be converted to heat energy via such
metering. CUrrentIy a dianmeter of about 1/ 16th of an inch is believed to
be opti r the hol e Anti - tat on _extension springs 40 reside
ot ¢ peingBhsiate S5y el RistuheP alhiniahe Pyt Shulad oreidia
rotating with respect to the s|eeve |nsert hol der 22. At either axial end
of the saSéembh@smlgpf whigh samoundrihe mtorghpft 4 8 ayithirpthg seme motard 4l The bparingsi on
cap 44 are |located. Each oil seal 42 supplenents the resilient seal

provi dedadsymblye20sip képigertativeofacis ofMfesef ind inshduldiberec iz thet d @mmbebetd
shortly) which is defined in part by the springs 40. A snap ring 46 is

posi t i NG aulesiviles ¢ chbiflfonC MIPIARS RAibEY sfith fof AhpBABP il BiRP i 1BN0agE

t he i nner surface of the bearing sleeve insért hol de 22 ané ereby hel p
to | ock t1§ ert hol der 22 and the sleeve insert 32 together. A bearing
sl eeve 58" &™) osed radially within the sleeve insert 32. The bearing

sl eeve 50 is an annular menber that is keyed to the rotor shaft 18 so as to
rotate with t#hbe spiar shafig]l$ gyyries alindsical lagmaatwbakatey 19eged thingt wasbersdls t he
rotor shaft 18 from abrasion and friction danages. The bearing sl eeve 50
cont ai nssudround ¢lenbior shafieks andsbbi the bearing gssembR) 2(F. | Thedotoo shafirli8caddoi definespeni ngs
52 that are disposed at 90 degree angles from one anot her about the

peri phery cefirdl h@n%‘iiu@ﬁx\éﬁ befe 23Th&Vifeg wt@rakﬁuldm& hassagds Pthat Bktend BRlialyeeve SO
at the upper and Tower axi al ends of the sleeve 50 1into which conpli'nentary

shaped k ft 18 will reside to spline the bearing

sl eeve 5§Xttvvd%‘!]2%°§‘h§‘? g‘i}é@l%g SK\ 9010RF\ 045385 HOUSTOM 23678 3/ 6/ 02-- 10
38 AM Referang now to Figure 4, the construction of one sjde of the
bearing assenbhS beasing assemblnd] inclufesseverl SRneTREGREmBETs g withBe desrabadoaces
bet ween vari ous conponents bei ng exaggerated in order to facilitate

expl anat from tb¢ radit putside moivinghewardy dh¢ beaming AsseinblyliXtineludad ab hemudgr bedrgnge is a
narrow chanmber 60 defined between the sleeve insert 32 and the sl eeve

i nsert heleslrined2t Mlddri2D thidd ipdlerits b ertehl Ebﬂtlﬁh 02 o9Enihigedl diahREdrd88 twd RelalnDSt

common and preferred type of fluid to be used for this application is oi

whi ch 1S, 5B 2064 Bliotd ARG ASsHirdt%rool8828 are disposed in the enlarged diameter

portion 24. Annular anti-rotation extension springs 30 are disposed each of the grooves 28.

When so disposed, the springs 30 extend outwardly slightly from the grooves 28 (see Figure
4). When the bearing sleeve insert holder 22 is inserted into the bore 17, the springs 30 are
urged against the bore 17 and are compressed to form a resilient seal.

A sleeve insert 32 is located radially within the bearing sleeve insert holder 22. The
sleeve insert 32 (shown apart from the bearing assembly in Figure 2) is an annular ring that
has two grooves 34 in its external surface 36. As will be apparent, the sleeve insert 32
contacts the fluid within a fluid chamber along its external radial surface while its internal

radial surface contacts a fluid film barrier that helps to support the rotor shaft 18 and reduce
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chanber 60 is closed off at each end by the contact between anti-rotation
springs 40 and the sleeve insert holder 22. It is noted, however, that the
wi dth of the chanber 60 can vary by virtue of the fact that contact with
the inner surface of the sleeve insert holder 22 is acconplished by springs
that are initially conpressed when inserted into the holder 22. A gap 64 is
present between the sleeve insert 32 and the bearing sleeve 50. A second

fluid film 66 resides thin the ap 64. ri ng nQ oper ati on_and absent
syst em viaspage; tgrf ?r?tﬁb%hgépe& ionpng; FRFRHIQS E(slgcr BiEisHeIojes Hoarei nches

while the gap 64 is approxinmately .003 inches in width. The f|UId w thin
chanber &8pend thyapgtetheigsedi $hoThete taneprsfaralidy oplyntwonsuch thotes 38 thatrkeved and
lateral fluid passages 25 and then transmtted through the fluid

comuni cixinifial @aeRted g6 th fiafd it handeided "G rmdteed ahifigh e hded38 6WH @dt t hat
the oil is also present within the fluid metering passages 38 of the insert

In OPQ%eaéfstﬁQmeEﬁ%lJa?E@ %5?'-@1 n}g}s%fsee \?g%jte& 08 Q‘i—‘l% d 1 IZJ V@ne%% rh%{x @ates

WI t hit e eeve 1 nser nser ho der not at e.

During operati.on, .fluid, ch 0|I ric i.s tr Ite hrough
Che cant PrBYR Siokmilitie sl £Dafieter ptoRE Mgt an Eg%i ievebiodRy 1 ui d
conmmuni cati on openings 52 to continually replenish the f|UId f|In1Iayer 66
in gap 6dptingalHonNhekoBs38RF\ 045385 HOUSTOM 23678 3/6/02--10:38 AM  The use
of the punped in fluid and the fluid netering openings 38 provide a shock
absor ption fupatiirontiagaktesdion sHimgsid0nesitle Widid te @rookBs B4 tsbithat tthesledvat or 14
and thereby curb instability in the systemdue to vibration. As the rotor

shaft 18;,10v85 id flebtbd ﬁgiﬁ %?Htlﬂﬁt\ﬂgle%@?&t o/ the Stebe %h%e%%ﬁcfér @S Ul kith&OmM

systen1vf%rat|on one si ng s eeve 50 I's conpressed agai nst
the sleeve in causi the fl d ent.r t her ebet ween to,be netered
thr ough: PR R/ ALERE 2 3 i o3P RS il PP e AT B g
passages 38 act I i ke hlydraul i C rret ering valves. The fluid absorbs the

vi brat i olpcated Eeanail sesl 4haupplsientsitbanesidiaptsgyl niejeed byt the spiing 0 in closing heat .

Conversely, when the rotor shaft 18 noves in the opposite direction as a
resul t obff\hebflieil chamier (descrilseal shbaly) Whichliedefined is paebpeteGptisgsdiy eds@apay from

the sleeve insert 32, oil is drawn fromthe gap 60 through the netering
pass agesrlﬁ% d6 H@}B&lﬁdﬁ%d %ﬁ%%%f%ﬁexﬁcﬂ}mﬁb%ﬁn%ﬁmp OfielsBaS hﬁ‘?s é%@e frat or
shaf he opposite actions occur. In either case (whetlher e shaft 18

ond bt g LA 0 TR R R SR BER A BPRE 2)
assoc at Sdat\llg %hg sleg\e/e insert 32 together.
A bearing sleeve 50 is disposed radially within the sleeve insert 32. The bearing
sleeve 50 is an annular member that is keyed to the rotor shaft 18 so as to rotate with the
shaft 18 and functions as a wear sleeve that protects the rotor shaft 18 from abrasion and
friction damages. The bearing sleeve 50 contains four (only three visible in Figure 2) fluid
communication openings 52 that are disposed at 90 degree angles from one another about
the periphery of the sleeve 50. There are key notches 54 cut into the sleeve 50 at the upper

and lower axial ends of the sleeve 50 into which complimentary shaped key members 56 on

the shaft 18 will reside to spline the bearing sleeve 50 to the shaft 18.
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vibration is converted into heat energy. The sizes of gaps 60 and 64 may
vary as required by the type of lubricating fluid used. However, the gaps
64 should be of sufficient size to permit a fluid filmto reside therein
that will resist friction between the bearing sleeve 50 and the sl eeve
insert 32. Any incidental friction or vibration induced contact is borne by
the bearing sleeve 50 rather than the rotor shaft 18 itself. The resilient
sealing of th | ui d chanber 60, which is pr.ovided he .annul a ri ngs
200 1 9 dosi r ABFIETIHE RIS Figuisd the npinuet DL GEe SRE ofthetecrias ehemberis0 Lo 7
HUNTSK\ 901 ORF\ 045385 HOUSTOM 23678 3/6/02--10: 38 AM expand and contract
sl i ght | yistsbown dehesrian withseme 26 e gapslantbspacesshetween vahiousiearaprneots beingi d t hat
is retained within the chanber 60. It can be seen, then, that the bearing

assenbl yeiggpardiid@sded té fadilita®pxbhgafidinsf statipenst te bivehiions Agfillidigtgdot or
shaft 18 within the stator bore 17. In addition, the pressurized fluid

Wi thin bgeg 83reG0Rnhas 'cmﬁeb eéﬁ%? HeReheh AR sﬁ-’éy&é Hﬁéﬁs?%ﬁ%ﬁ@&ﬂe&?&i penol y

20. Since the bearing asse y 20 es not re upon el astoneric conponents

to provi r_surfaces,.t asseppl.y can be operated at very high

tenper at (08 PRl WARS Sl FiotB G r&iles  EneB8H BBimeRiood Befiuedibe

enl arged view of the |ower portion of the exenplary notor 10 which

i ncor por ef Beidge bejused fydhigiappleation is oidpwhich tihsubstaniiallyl meompressiblet akhsr 14,
Only the two | ower bearing assenblies 60, 62 are shown. It should be

under st ocléhnitea 60 isvdssed affent aabticint by alie doatact agweaasatibdotation cpriigs b@nthjhel ocat ed
at regular intervals within the notor 10. The bearing assenblies 60, 62 are

const r uc§iedeanstroRBASLS, s hBRJMRIVASkr, Uhat HREWRIBRET 1RO cRAABIFR0 AR Ya@sCr | bed
earlier. Inthis view, it 1s possible to see the wre bundles 61 that form

the term.nu f | am nations.,and w ndings 16,.,19, aof the stator,,14. A
tubul ar HRUE ot e B QRN R IR RO HBRRG Shung Bty MR Az
processor sub_64 is shown affixed to the lower end of the notor 10. The
pr ocessofccemplishedihy spaiaesthat are inihalhsennanratred ¥dgg gserterhintq he hgkdenpe of
processi ng sensed paraneters and transmtting that information to the

surface of thA gaplokliopresenOnaweorethp bleevefinsrt32iand ithecbepring dese50s Alsebehdi s " The
Tracker," a device manufactured and marketed by the assignee of the present

i nvent i ofluidAfiMRl6eleYided wemailcagah &N INrifeNBRS oPERLISH AW a_%gélﬁrz?stia&al Iy
within the notor 10 for sensing abnormalities in the operation of the

bearing GRRRiiRl, fe Rinbd %o RYG Wit S GipeiNGied, IR TRALS WAL g 8Pis

approximately .003 inches in width. The fluid within chamber 60 and gap 64 is disposed
therein by pumping through bore 23 and lateral fluid passages 25 and then transmitted
through the fluid communication openings 52 of the bearing sleeve 50. It is pointed out that
the oil is also present within the fluid metering passages 38 of the insert 32.

In operation, the rotor 18 rotates and the bearing sleeve 50 rotates with it. The sleeve
insert 32 and sleeve insert holder 22 do not rotate. During operation, fluid, such as an oil
lubricant, is transmitted through the central bore 23 under pressure, the lateral fluid passages
25 and fluid communication openings 52 to continually replenish the fluid film layer 66 in

gap 64.
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HOUSTON\ 23678 3/6/02--10:38 AM vibration. A first thernocouple sensor 66
i s di sposed between adjacent lamnations 16 in the stator 14. The first

t her nocoupl e sensor 66 is located within the stator 14 to be proximte the
upper bearing assenbly 60 and extends downwardly through the stator 14 to

t he processing sub 64. The thernocouple sensor 66 is an el ongat ed,
wire-like sensor that is made of two dissimlar netals. Each of these
netals will expand contract. at different rates to chgnges. . in
Fermeratur e pibmftahs nampesh et i Hullinelshhe Bocr b HEv gk shacor
differential expansion can be detected by the processor sub 64. Although

t he t her asetiiondusdtiondgaipst Yibratiep o€ thedrotar t8iwithim thermbator 1hendsibargby guths bei ng
di sposed vertically through the lam nations 16, it shoul d be understood

t hat t hi mscéfitgin e systeraclue nmbibeationl YAs thadotbhstafti I8 dovasdhtetafly withén gensor 66
is layered in a coiled fashion with the | am nated wi nds 16 of the stator
14. A Se66d 7L ARATRGAI FRTRAA syiferh SRR AL sHIELWRR VAR ASRIYe 50 i

| aminations 16 in the stator 14, but is [ocated within the Stator 14 so as
to be proximte .the | ower. bearin senbl y, 62. . The second thernmocouyple 70
senses. OGRS PEEmNyF STVE Tt BE oS T FRERRrs NirreCers § o s
can be seen in Figure SB, there is_an acceleronmeter 72 secured to the |ower
end of t metektaraygh theyaetgrpgpassesee d 8 Andinteithe chanberiofr dibp gissering papragesase 63
that are transmtted to it by vibration of the rotor 18. Cable 74

i nt er conpgatslitchkydadel mewering enlvé? The tfhiéd phsocssthe vitzatiorbdnd Eonvers thee
vibration of the rotor 18 within the stator 14 during operation of the

Mot or  10pjeshahfdas BkkrDY asiOETBte@ il it infdd hédde sensors (66, 70, 72) descri bed
above. The sensed information is transnmtted to the processor sub 64 where

it is recorded and/or transmtte he surface of. wel | . Excessd ve
Vi brat on of FREAETE VIS BF bRl b Rt st o TEGHRS
HUNTSK\ 9010RF1045385 HOUSTON\ 2. 3678 3/6/02--10'38 AM assenbly (60 or 62)
woul d beViigioai(ke sathatthe bearig slesivp &P i meredwvway frem dhe Hegve prssitidRgoibissenl v .
This rise in tenperature woul d be detectable by the processor sub 64 via

t he t her dmenuipdre tixegepdi0 thEigbthe/dpteriog passdgasSdrintolthe sqpand gapbér Obedrel ng
assenbly. Additionally, general excessive vibration of the rotor 18 at or

gr ound i bppdsA¥Eide df chevortr @hre 181,_6th@6f)d1ﬂﬂitéﬁcﬁdﬁ§ REECIIR eRR& AL ((vheMet fhet i s
etected condition being transmtted to the processor sub 64.
shaft 18 and bearing sleeve 50 are moved toward or away from the sleeve insert 32), fluid
is drawn through the metering passages 38 and the mechanical energy associated with the
vibration is converted into heat energy.

The sizes of gaps 60 and 64 may vary as required by the type of lubricating fluid
used. However, the gaps 64 should be of sufficient size to permit a fluid film to reside
therein that will resist friction between the bearing sleeve 50 and the sleeve insert 32. Any
incidental friction or vibration induced contact is borne by the bearing sleeve 50 rather than

the rotor shaft 18 itself. The resilient sealing of the fluid chamber 60, which is provided by

the annular springs 40, is desirable in that it permits the volume of the fluid chamber 60 to
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Wil e the invention has been shown in only sonme of its forms, it should be
apparent to those skilled in the art that it is not so limted, but is
susceptible to various changes w thout departing fromthe scope of the

i nvention. 10 HUNTSK\ 9010RF\ 045385 HOUSTOMN 23678 3/6/02--10.38 AM  CLAI M5
What is clainmed is: A bearing assenbly for use in a notor having a
rotatable rotor within a fixed stator, the bearing assenbly corrprisi ng an
annul ar bear i H{gdsl eeve to surround nd. be secured to ar tor shagh

Fotate wRHNS AR FoiaR LEBYY 10 ssppramAdISincHramsaRd e Beiai g AP ARt RE dpidy

sl eeve and defining a gap therebetween for retaining a fluid f|In1for
prevent i thgt istetaisied within theshamheri& menber or bearing shaft, the annul ar
menber al so being fixed against rotation with the rotor shaft; a fluid
spring chanbelt da@ e} thed) that egcbateingl dsbeinbly D0 plheiap find sringeahithe
fluid therewithin; and a nmetering passage to transmt fluid between the gap
and the i rein
the bear?AﬂgbgﬂSZ@E*gﬂ?ﬁfPﬁwéﬁﬂiﬁ?%ﬂ?2?““222% Rt o b e e
radially throu the . sl eeve,t0 rec fl.ui.d from a.l ongitudi nal
passage B@Fﬁ“ﬁégfp&)“prw ] P’E‘} rORHATY IR ‘“t‘”i T?QJS\‘;'HO&E ngeﬁﬂﬁg sg #ﬁ’
bearing assenbly of claim2 wherein there are two said netering holes. 4.
The bear #hgSinse thediepring asserably 20 daes net felx wieonfglastemeris GomRpaRRBlR e Pravidedef i ned
bet ween a bearing sleeve insert holder that is fixedly secured to the

st at or awdarsusiaesytheiasseattly tdmatie operdtekatdleyy kigh pamsedatutes.hi N t he beari ng

sl eeve insert holder. 11 HUNTSK\ 9010RF\ 045385 HOUSTON\ 23678 3/6/02--10. 38
AM 5. The b eh%' | f [ r E,ngah@é t nds
and is cl osedﬁgf; éacﬁ&g?{?ﬁgregrslé?r%ym %éggﬁlsﬁgﬁ?tahngﬁber . ?’ﬁgleé(\ég?fng

assenbl y resilien co es an
anti-rot 3?1];18% 0@%? C)ﬁeén ary moQoreﬁ‘) hhlch 1ncorporal ECS armg assem 1es 0 support tﬁe ro OI'

18 within stator 14. Only the two lower bearing assemblies 60, 62 are shown. It should be
understood that there are additional bearing assemblies (not shown) located at regular
intervals within the motor 10. The bearing assemblies 60, 62 are constructed and operate in
the manner of the bearing assembly 20 described earlier. In this view, it is possible to see
the wire bundles 61 that form the terminus of the laminations and windings 16, 19 of the
stator 14. A tubular base 62 is secured within the housing 12 below the bundles.

A processor sub 64 is shown affixed to the lower end of the motor 10. The processor
sub 64 houses a multi-measurement sensor that is capable of processing sensed parameters
and transmitting that information to the surface of the wellbore. One example of a suitable
processor sub 64 is “The Tracker,” a device manufactured and marketed by the assignee of
the present invention.

A variety of exemplary sensor devices are shown schematically within the motor 10

for sensing abnormalities in the operation of the bearing assemblies 60, 62, such as excessive
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7. The bearing assenbly of claim4 wherein the bearing sleeve insert hol der
is secured to the stator by annular anti-rotation springs. 8. A bearing
assenbly for supporting a rotor within the stator of an electri cal
subnersi bl e punp notor, the bearing assenbly conprising: a fixed annul ar
wear bushing assenbly secured to the stator, the wear bushing assenbly
defining therein an annular fluid chanber; a wear sleeve secured to the

rotor for.rotatjiaqn therewt t he ar. sl eeve bei di sposed radi.all

W thi o o FrRRA S bl e F o8 s SETMAG AbeEnRgREot S i
wherein the wear sl eeve has at |east one fluid opening within its body to
pass f | ustator 4 The first rermpenuplayensor®d isipsatsd avltmgﬂwéagwdwwp PEQXamates
wherein the wear bushing assenbly is secured to the stator by annul ar

anti - r ot thei Wppes peariigs adshmblyr 68 iade dxrends elowasvardly hhroughn tx satanal4 suteace of
t he bushi ng assenbly and contact an inner bore surface of the stator. 12

HUNTSK\ 950t 4e8 %a. HAShehh 3gie sehdh %ﬁjis & e}%%gﬁMli, wikd-likd BénsBE fat 19

assenbly of claim@8 wherein the wear bushing assenbly conprises: a) an
S

annul ar bheari sl.eeve i nsert hold that . contacts and,is.retained within a
bore of tgt efShEpSifal 36k, i OF b PO Elolnd B et & s
radially within the bearing sleeve insert holder, the sleeve i|nsert

cont act i FiesttA&hangss ptemperaiure proate the Bppea Regineassemlly 20, andrthe amouply t he
fluid filmbarrier upon an inner radial surface. 12. A notor for an

el ectri caf dffiyentiadi dxipengpemEan clemdetiestedgby dhes patoessodefubnbshg Althoughi thedi nal
bore; a rotor shaft disposed within the bore and rotatable with respect to

the st at feimécobpldisahsol ¥6 RfdepREUIVIthiRHESMbI RMsinBAD a§ IR AispdLE vEAEAy W t hi n
the stator, the bearing assenblies each conprising: a) an annul ar sl eeve

DECCL L A0 M N 8 bl e

forces upon
T B, WS AR S S SR
13. The electrical subnersible punp notor of claim 12 wherein the bearing
assenbl i e stator 14. A second thermocouple sensor 70 is disposed between adjacent laminations
16 in the stator 14, but is located within the stator 14 so as to be proximate the lower bearing
assembly 62. The second thermocouple 70 senses changes in temperature proximate the
lower bearing assembly 62.
As can be seen in Figure 5B, there is an accelerometer 72 secured to the lower end
of the base 63. The accelerometer 72 detects vibrations in the base 63 that are transmitted
to it by vibration of the rotor 18, Cable 74 interconnects the accelerometer 72 to the
processor sub 64.
Excessive vibration of the rotor 18 within the stator 14 during operation of the motor
10 is sensed by some or all of the sensors (66, 70, 72) described above. The sensed

information is transmitted to the processor sub 64 where it is recorded and/or transmitted to

the surface of the well. Excessive vibration of the rotor 18 proximate a particular bearing
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further conprise: a) an annul ar sleeve insert holder radially disposed
about the annul ar sl eeve; and 13 HUNTSK\ 9010RF\ 04S385 HOUSTOM 23678
3/6/02--10:38 AM b) a fluid chanber defined between the sleeve insert

hol der and the sl eeve insert, the fluid chanber being in fluid

communi cation with the fluid netering passage. 14. The el ectrical
subnersi bl e punp notor of claim 13 wherein the fluid chanber is enclosed by

a reS|I|ent bet ween sl eeye nsert h Ider and the slee i nsert.
o “The ereblr (o80Tl Sl B SRR oot et orHRF PR A SFES] g
fluid fl owbore defined | ongitudinall mnthln the rotor. 16. The el ectrical
subner si #¥semplynd hifotisgr ingpmperatuse wufdﬁbcz Hetecteblaphyi the Mgocgssoaseb 4# via thed
passage within the rotor in fluid communication with the fluid bore to

t ransmi t tHetmid@upleasndoh (o6 driidyl Ideated ntar thd @attiddiafbeatixif @ssemblyofAddigorfaiyor . 17.
The el ectrical submersible punp of claim 14 wherein the resilient seal is
provi dedgbierdRxaittive Vit Aldnait (RPHoh810 81 3f aERH i ovidiBnd WBENELA BRI o t e

sl eeve insert holder to help lock the sleeve insert and the sleeve i'nsert

d
hol der t eth C [sibl e claim?217 rein
he resi Margantty 22 TSRt ElcoB i iR g pidtor yb?
el ectrical subnersible punp of claim 18 wherein a snap ring engages an
i nner _sur f ace Wotlertheinypriiapehap heesyshoyp irjenly samepRitsionys ibsaoulls pparent
HOUSTON\ 23678 3/6/02--10 38 AM.ALH . A (,.A,.As. A (?.A;
?. As?. A toAthpsAsKiRed\ir{ the/ar( thaAit(i® .ndi b HxBiet DBtl iglsOsceptible to various changes
}xsni d_ZU] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

Ul c"a] caldbaicphting fdhe iR sk 'dHike AVbsil ¢ allc alc a  >T +
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D &ZU YsV~ytoje [V]]ca]ca]ca]ca]ca]ca]ca]ca]ca

Ul c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

Ul c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca! Vkxnmp*?: Sj {vql gb] X]]] ca] ca] ca] ca] ca]ca]c

aj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca

U c”a] ca] calj <Rl

411 1" e" " #y##- 3PS X&MLY ' ' }xsnid_Z]]]]ca]ca] ca] ca] ca] ca] ca]ca]ca]ca]calc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] /4] aJcaJca]calcalcalcalca!"7(((7)))<

***B++, [,cC,2,,,d--.X../9/// COOORL{ 1 id Z]]]]ca]ca]ca]ca]ca]ca]ca]calc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]cal calca]ca] ca]cal &

222B3333%81} EABRdNE67] 778nB89K99 1 7: i1l

}xsnid_Z]]]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca) ca] cA]walingissahbly|fonysedh a@atotor having a rotatable rotor within a fixed stator,

;, <<<K6===A>>>Y??? @Gvaady AAAEB\ BBB, CCCADDDYE=E_E} xsni d_Z]]]] ca] ca] ca] ca] calca
cajcalc ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]ca] ca] ca]ca

| cal cal B CoRERL S RO BN R T OO J}SJJLKf KKKELYLLLI M M e gb] X111 ¢ cal

gg} gg} gg} gg} gaA Eﬁ‘k‘i b%‘%%{%%\lﬁge S3dGRlSale A aal Rl SRlGAhSAlS Bhgshadl cal cal

OOACOOCOLPPP$ K cRRR&SASSSSTSTTT+UU xsnid_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] cHedalos 1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! UU

W\ VWBWWY XOQXXXXYRc RRR&SASSSSTSTTT+UUY xsni d_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] emjmajarajanaljer ajreaindiigdthd bedringlsteaycaidufinmgeadapahareteragana] ca7s)

ti K- 109 ()- " 1110%& ()-9@ 10%&' ()-L10%& ()-&Z10%&' () -, MLOY& ()-9'

10% () - It Potalfring 4 AOUEIL) for ér@@eﬁginé)abraéléﬁ)(e){&héhnndlérq{@%l@r or BAHAYELR), 1R

109%&' ()-" 910%& (% [11K-s110%& () -sf/!10%& ()-sé& ! & ()-s*! 10%& () (!'109%&

() - y&! 10% s1 109 () )~ 10TT 10TT

L0 Sastour e ARy /&?g(f?‘ehégilag}&oﬁ 185 B 1ot fhak;

>AEwX9s1™ ! 109%& () -s! 10%& s! 109& | 109 () 109 ()-9109%& ()-T + D
dEwX9s1’ 3L$y16§&‘%§l’r’§5 %@fm te)selfctitﬂ(weengﬂew r(ﬂ}l%% samam? Yoredhe fgigie ()- D
GZAEWX9s1 s1! 10%&' ()-5S/ ! 10%&' ()-S& ! 1098 ()-s*! 10%& ()-s(s! 10%& ()-Ly&
10%& () - BietgwitBit;end0%& ()- 10i 10i

10i 9-10% & ()-!19- 10%& () -610%& ()-3! 10%& ()-U YdE] @19 10%& ()-  10% ()-9
10%& () - a metering passage to transmit fluid between the gap and the fluid spring chamber.

2. The bearing assembly of claim 1 wherein the bearing sleeve further comprises at least
one fluid opening disposed radially through the bearing sleeve to receive fluid from a

longitudinal passage defined within a rotor and transmit it toward the gap.
3. The bearing assembly of claim 2 wherein there are two said metering holes.

4. The bearing assembly of claim 1 wherein the fluid spring chamber is defined between
a bearing sleeve insert holder that is fixedly secured to the stator and a sleeve insert that is
fixedly disposed within the bearing sleeve insert holder.

1
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Y10%&' ()-", 109& ()-"!109%& ()-sVdEj @1LL$ 10%& ()-s"10%&' ()-L10%& ()-

109%&' ()-9s 10%& ()-s310%& ()-VKdE] @1s1! 109%&' ()-s@! 109%& ()-L- 10%& () -
*109&' ()-s( 109 ()-sy& 10%& ()-x muj _@1s!10%&' ()- 10V 10V

10V910%/& ()-!9109%& ()-5! 10%& ()-3! 10%&' () - nDdE _@1s! 109%& ()-L10%& ()-s10
%' ()-s@10%&' ()-s!10%& ()-s!10%& ()-Dp*dEj _@1s
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10155106 o (1% SYEHEIFIRERGHED e st eatigerysisyr o)
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10i 10i ottt 110% ! 109%&' ()-9 10%& ()-
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1098 ()- *Y109& ()- (' 10%& ()- y& 109& ()- L$!109%& ()- "!109& ()-B++,[,c, z,
, , aB7/
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10n 10n. 4 1 109%&' () -ss! 109%&' () - LF
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8. A bearing assembly for supporting a rotor within the stator of an electrical
submersible pump motor, the bearing assembly comprising:

a fixed annular wear bushing assembly secured to the stator, the wear bushing
assembly defining therein an annular fluid chamber;

a wear sleeve secured to the rotor for rotation therewith, the wear sleeve being

disposed radially within the wear bushing assembly.

9. The bearing assembly of claim 8 wherein the wear sleeve has at least one fluid

opening within its body to pass fluid radially therethrough.

10.  The bearing assembly of claim 8 wherein the wear bushing assembly is secured to the
stator by annular anti-rotation springs that reside in grooves within an external surface of the
bushing assembly and contact an inner bore surface of the stator.
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10" s9@L0% & ()-!s9@O% ()-s3! 109 ()-s1! 109 ()-sS/! 109 () - 354] 445"55dEVK
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109& ()- f109& ()- ! 109 ()-55M667[ 77dEVK@! 10

10s! 109& ()-s! 109& ()-!109& ()- F! 109 ()-9

109& ()- 109 ()- 78nB89K99IEVK@! 10 10s& ! 109& ()-s*! 109%& () - L(

109&' ()-S&MLO%& ()-sL$!109%& ()-s "!109& ()-9 :7::::; ; aB7@

- 0, ! -1 /R’ & | 0,
CE TR O YR O e TR
)- 10n

10n6===A>>>Y?8)En\V an arondar boaing) sleave desgst hpldes thapeditacys andlig Bxadngd) within @R () - s
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10n9- 109%M& () -!9- 10%& ()-s6! 10%& ()-3! 10%&k' ()-1! 10%&' ()-LS/
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109%& 8 Lo SoR () e ()8 10(V«B?Iee)veél?sf5&£?t 35 rgtla T(‘S’%l/ézad(l Sl PG eine \Dearjpg sleeve

10nDDY%E=E\ Ef 0%
10s9y 10%&5‘% EP‘EEE: ]éﬁ}ée?% lgi /&’%&%g i‘BfO/ﬁ"’(“ﬂar fq’f‘i‘kﬁﬁf%‘?ﬁﬁ#‘é?ﬁf agpuig gadial

109%&' ()- 109 ()-9Y 10%& 109%&' ()-9 109%& ()- F10%&' ()- FGNGGGH HIE _@
10sL$! 1osmfa@9: %@Wu@(} filrg gry&r ppoman inner radial surface.
109 ()- 310%& ()-!10%& ()- HHIQ I1JCIAE _@Q
10s510%&' () -s3! 109" ()-s1! 109& ()-s-310%& ()-s(109%& ()-sy& 109& ()-CI[JIzJ{J
| J}JIIPK~_@ 10s,!10%& ()- 109%& ()-s!10%& ()- 10 10

10s9S510% () - A%ﬁoct%p%@g‘aﬁ)elégﬁwéﬁfﬁ%éiﬁgfm@p, étqurising:

a stator defining a longitudinal bore;

a rotor shaft disposed within the bore and rotatable with respect to the stator;

a plurality of bearing assemblies that support the rotor within the stator, the bearing

assemblies each comprising:

a) an annular sleeve insert that radially surrounds a fluid film barrier resisting
frictional forces upon the rotor; and

2) a fluid metering passage in fluid communication with the fluid film barrier
to meter away fluid from the fluid film barrier when the rotor shaft is moved

laterally within the bore.

13, The electrical submersible pump motor of claim 12 wherein the bearing assemblies
further comprise:

a) an annular sleeve insert holder radially disposed about the annular sleeve; and
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10s9f 100/@'6(@111 ey geing m.ﬂwg\govwmat@ with the fluid metermg passage
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" #$9%R' ()3.+, - ThO tReuis8lr 8¢hmersible pump motor of claim 11 further comprising a fluid
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopgr st uvwxyz{

flowbore defined longitudinally within the rotor.

16.  The electrical submersible pump motor of claim 15 further comprising a lateral fluid
passage within the rotor in fluid communication with the fluid bore to transmit fluid from the

fluid bore to the radial exterior of the rotor.

17.  The electrical submersible pump of claim 14 wherein the resilient seal is provided
by an anti-rotation spring that secures the sleeve insert to the sleeve insert holder to help lock

the sleeve insert and the sleeve insert holder together.

18.  The electrical submersible pump of claim 17 wherein the resilient seal is

supplemented by an annular oil seal.

19.  The electrical submersible pump of claim 18 wherein a snap ring engages an inner

surface of the sleeve insert holder
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