0 7 SEP 2005 VI BRATI ON DAMPI NG SYSTEM FOR ESP MOTOR BACKGROUND OF THE

| NVENTI ON Field of the Invention The present invention relates to fluid film
bearings. In nore particular aspects, the invention relates to inproved
notor bearings for electrical subnersible punps and the like mhoag gfégr
shafts are maintained in a substantially vertical position during % Zi08n.
Description of the Related Art Electrical subnersible punps (ESP s) include
an electric notor and a punp that is wused to punp oil or other fluids

wi thin a wel | bor ¥IBRATEON DAM NG ISY STEEM FORESRMOTORor that is
contained within a stationary stator. The rotors for the subnersible punps

are usually disposed i psarRgEFROEND OF YHFINVIERTIGNRSI tion by virtue of
their placenment in wel %—es,—wgﬁfﬁ—ryb%ﬁmverti cal shafts.
Therefore, during operation, the rotor shaft of the notor is oriented in

t he vertﬂé@lﬁ—féﬂ%&-‘l—“&ﬁ?—“me beari ngs which surround the rotor shaft are often
of the fluid filmvariety. However, fluid filmbearings require a side |oad
to provi de opflicatsedyinsentonstiates ité flyid MBinrtseringshdnmuire particaliat aspscts.aghat i ng i n
a vertical position, there is little or no side |load being applied to the
bear i ng igiuthing rQREE & ihPRovedthGtoLBiaRRSs foh sleatichll u¥meRiBIOBuRRiddES likyhi ch

results 1n excessive tor vibration. Excessive vibration in the bearings
h.the. .oil sulting in

retal | OHEE SIV O AOH PP SREA ' & A LB NG R £ b TR ol Pure. 1

Deseription of the Related Art

Electrical submersible pumps (ESP’s) include an electric motor and a pump that is
used to pump oil or other fluids within a wellbore. The electric motors have a rotatable rotor
that is contained within a stationary stator. The rotors for the submersible pumps are usually
disposed in a substantially vertical position by virtue of their placement in wellbores, which
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.



O 7 S EP 2005 Alternative bearing systens have not proven effective in the
long term H gh wellbore tenperatures nake el astoners undesirable in such a
bearing, particularly as a wear surface. Friction fit rotor bearing
assenblies tend to becone | oose as tenperatures change in the wellbore.
Fluid fil mbearings or bearings that support the shaft of a rotor ggélﬂhid
are not new. For exanple, U S. Patent No. 3,118,384 issued to SeH t
describes fluid pressure bearings wherein high pressure fluidis injected
to prevent the rotor fromcontacting the stator. U S. Patent No. 196, 301
i ssued to TurAltathgvusizesng Isystms ibare Beapioygs effaetiveecthiepleng term. eclfhalil que for
using an inpeller to axially draw fluid in to the bearing to provide

cl ear ancgel|HRR! eRBEratiRe midkc@lastntbrSiuflesiFabldiawested beating yeartivulalygsmenias are, in
practlce vulnerable to danage fromvibration of the rotor shaft within the

?Ea;t g: arF(]:lé a%er Pldh#ﬁe gOéOIfl%eld}lgg 9538111'1‘39 Sttg d tOrb%Egll}le g(ﬁ)%é agféhlﬁ%{a g&aﬁgé eCt ive

I ons, sUC 0 occC
downhol e notors. It vvoul d be deS| rabI e to have devices and net hods that
addresslﬂﬁbithﬁt%ns of the prior art. SUVMARY OF THE | NVENTI ON A novel
beari ng assenbly and bearing systemfor a notor is described wherein a
flui d shock dlisidftherbehsngsronbeaas that suppbitoe shafi of ammenow flbidat¢ oot nefv. t he
rotor shaft. Lubricating fluid is supplied under pressure to |ubricate and

repl eni syt e fhdiigsf phihd Ngat e, 3@@ts\§@eentot &1k @t al idagorited MRId BRAOY S| eeve
and the outer, statlonary sl'eéve insert of the bearing assenb es of a

mot or . he .sl eeve . i r.ovi ded. w h flui ter|
-Il-jearmgs wherein 1g pressurg ﬂuuf 1S Injecte to prever% € rotor ?I%II‘P con a mg the

stator. U.S. Patent No. 3,196,301 issued to Turk discusses fluid film bearings and describes
a technique for using an impeller to axially draw fluid in to the bearing to provide clearance
between the rotor and stator. However, these arrangements are, in practice, vulnerable to
damage from vibration of the rotor shaft within the stator. Mere flowing of fluid around the
rotor does not provide effective resistance or dampening of strong vibrations, such as tend
to occur in downhole motors,

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



that permt lubricating fluid to pass through the body of the sleeve insert.
The sleeve insert 2 0 7 SEP 2005 is disposed radially within a sl eeve insert
hol der, and a fluid gap is defined between the two conponents. During
operation, vibration of the rotor shaft within the stator bore i g Hgppesshby
the fluid spring created by the netering of fluid through the sleeve
insert. As a result, friction is reduced and the |ifespan of the notor

i ncreased. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a side

cr oss- sestlisposati radiatly withian sexenjpbat §oldot ord Hdd gapisas§oedbbsiwegoths tvact ed in
accordance with the present invention. Figure 2 is a side view, partially in
cross- seghiRRent®f an exenplary bearing sleeve and sleeve insert used in the
assenbly shown in Figure 1. Figure 3 is a side cross-sectional view of a
portion of an exenplary bearing assenbly shown apart fromthe stator.
Figure 4 is a close-up cross-sectional viewillustrating sone of the
fluid-related features of the bearing in greater detail. Figures 5A and 5B
are a side cridgingopertionaibrotieneiche wiorskalipithinthesieior borededampnddyithyy beari ng
assenblies constructed in accordance with the present invention as well as
a Vi br atfligd st dr&nRESRihY heet&apso T thrandehe steveDbdM. LAD: REGCRHPTOION OF
PREFERRED EMBODI MENTS Figures 1 through 4 illustrate a bearing assenbly

const rugf ed, Ly GG ﬁf%gfa% Wb mbRE increased.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side cross-sectional view of an exemplary motor bearing assembly
constructed in accordance with the present invention.

Figure 2 is a side view, partially in cross-section, of an exemplary bearing sleeve and
sleeve insert used in the assembly shown in Figure 1.

Figure 3 is a side cross-sectional view of a portion of an exemplary bearing assembly
shown apart from the stator.

Figure 4 is a close-up cross-sectional view illustrating some of the fluid-related
features of the bearing in greater detail.

Figures SA 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



invention. Figure 1 shows a portion of an electrical subnersible punp notor
10 that has an outer housing 12 that encloses a stator 14. The stator 14 is
made up of a nunber of 3 07SEP2005 | am nations 16 and encl oses a bgqg %g.(ﬁ
rotor shaft 18 is rotatably disposed within the bore 17 of the st 5 14003
and supported by bearing assenbly 20. It is pointed out that, while only a
single bearing assenbly 20 is depicted here, there are, in fact, a nunber of
simlar bearing assenblies, all of which surround the rotor shaft 18 within
t he samelamiitationsli® anfleacibsanibor | s el shaf? 08 isrotatabhediepnsed witbinghe bereh of
these, and it should be recogni zed that a nunber of such assenblies, in

conbi nat § 08k thMthibr L@arm ﬁp?@ﬁéd RObSViRE BE¥efBly FHAPRNoiéd biRghatOWBlle Gllaf t 18
in the notor 10. The rotor shaft 18 carries cylindrical |am nated plates 19,

and t hrust. hers 21 ur r ound. rof,or shaf 8 and abpt. th ring
assenbl yaﬁﬁg%%lng@?%mbi%gé P ({%Elc(gﬁla redh}efenaég’ miactélrﬂtﬁngqer Bgﬁﬁﬁlﬁ%ﬁgﬁgﬁ bore 23
having | ateral fluid flow passages 25 that extend radial l outwardly from

t he centassimtiss.allad whithesusioand iy raos sl 18 withip tleg W@@@Vi@-aﬁ%‘éﬁ@@é&t ric
menbers that will be described fromthe radial outside noving inward. The

beari ng RssHPHDY ih@plehatdtiesf amchaihdsarand hehould @e sécegnieed thaes hurthbdraddr 22
that presents a central portion 24 of enlarged dianeter and two axi al

e T T

enlargef dirane porti n ar anti-r ension springs 30
are di sposed each of the grooves 28. Wen so disposed, the springs 30
ext end oltRERAy 181 i ghtly fromthe grooves 28 (see Figure 4). Wen the
bearing sl eeve insert holder 22 is inserted into the bore 17, the

The rotor shaft 18 carries cylindrical laminated plates 19, and thrust washers 21

surround the rotor shaft 18 and abut the bearing assembly 20. The rotor shaft 18 also defines
a central longitudinal bore 23 having lateral fluid flow passages 25 that extend radially
outwardly from the central bore 23.

The bearing assembly 20 includes several concentric members that will be described
from the radial outside moving inward. The bearing assembly 20 includes an annular
bearing sleeve insert holder 22 that presents a central portion 24 of enlarged diameter and
two axial portions 26 of reduced diameter. A pair of grooves 28 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



springs 30 are urged against the bore 17 and are conpressed to forma
resilient seal. A sleeve insert 32 is located radially within the bearing

sl eeve insert holder 22. The sleeve insert 32 (shown apart fromthe bearing
assenbly in Figure 2) is an annular ring that has tw grooves 34&'};5?@05
external surface 36. As will be apparent, the sleeve insert 32 4 E
2005 contacts the fluid within a fluid chanber along its external radial
surface while its internal radial surface contacts a fluid filmbarrier

t hat hel gatact tsufipdrvitiine fluid drangieationg 8s axgmaberdisd suidapeaytile its inkenal ot or
shaft 18 due to friction and abrasion. Fluid netering holes 38 are disposed

through Lhg1 §Rmes tondts alihad Eildarrite @fahépd % sapport theeosrisuinid 86 réficthat have
a mnimal dianeter so that fluid is transmtted, or nmetered, through the

fol es 38ty B Do SO & 9 P’%ﬁ@@%ﬁ&%&a‘sﬂsr%ﬁ*}a&enﬁg hB@;gg;'ﬂ@arted to

ener gy rrentl a

di aneter of about 1/16th of an inch is believed to opt i mal for the hoI es
38. Antidisposed ﬂmw@ﬂh@mﬂﬁﬁsﬁherﬁggewfp@blywlwtwmswh heleypd v datuaso t hat
the sleeve insert 32 is prevented fromrotating with respect to the sl eeve

i nsert healniasl A@netdt scethhthuid ixarsmieal] opimetelhe], dreeytethe hoks 383wigandnnul ar
oil seal 42 and oil seal conpression cap 44 are Iocated. Each oil seal 42

R e e s e G S S MR T S S
Snap T HEEAS ENGAGEFIHG. CUHRE- gAY Gr0vHA/ 150 FgPh BITLeTHERt hol der
22 and thereby help to lock the insert holder 22 and the sleeve insert 32
t oget heraptimal for the holes 38.
Anti-rotation extension springs 40 reside within the grooves 34 so that the sleeve
insert 32 is prevented from rotating with respect to the sleeve insert holder 22. At either
axial end of the sleeve insert 32, an annular oil seal 42 and oil seal compression cap 44 are
located. Each oil seal 42 supplements the resilient seal provided by the spring 40 in closing
off the fluid chamber (described shortly) which is defined in part by the springs 40. A snap
ring 46 is positioned outside of either compression cap 44. The snap rings 46 engage the
inner surface of the bearing sleeve insert holder 22 and thereby help to lock the insert holder
22 and the sleeve 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



A bearing sleeve 50 is disposed radially within the sleeve insert 32. The
bearing sleeve 50 is an annular nenber 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 danages. The beaﬁing
sl eeve 50 contains four (only three visible in Figure 2) fluid 07 SEP 2005
communi cati on openings 52 that are disposed at 90 degree angles from one
anot her about the periphery of the sleeve 50. There are key notches 54 cut
into the sleeve 50 at the upper. 5 0 7 SEP 2005 and Iong axi a eggs of the
sl eeve 5@ laver 4ipal epdscsibs $l?@/ﬁt53ﬁvoéﬂé§b@“ﬂgly‘%%§l}3§’e CHRCMPHSE PSREf t 18
Wil reside to spline the bearing sleeve 50 to the shaft 18. Referring now
t o Fi gurthe4haft hewibreside uc tplor thé banmgsledee 50 to the shrdtai8.ng assenbly 20 is
shown in close up with sone of the gaps and spaces between vari ous

conponent s bek&gmn%s%ggtl% 1ab&d 4 heQoHRFuction bRGkd éi&@éﬁh@’é@&ﬁ@%k&ﬁbl?ﬁg por't i ons

r
of the invention. ustrated there, there is a narrow chanber

defi ned behween the sl eeve insFrt 32 arad t he sé{eeve i.nsert holder. 22 within
whi ch a PGP 11 FIRTEAD B FF O 116 SR SPRSSS hERYECE SATIEH Somposras BFPBd (ype
of fluid to be used for this application is oil, which is substantially

i nconpr eseipireted finerder hafabiditate @xplanasionsd pogidns af temipivertinh. bis illustrasdt act
bet ween anti-rotation springs 40 and the sleeve insert holder 22. It is

not ed, h@weV@Ere id DadrrdehaMbet 60 @ffinkh BetGRaripe klebR: iaat 3004 thysledvkfiiseg of the
fact that contact with the inner surface of the sleeve insert holder 22 is

ol dor. 291020 BB MAEE R PIBLSIE & 0eThid Rrits SREREP RIRRIV P EREEY Reboar i ng

sl eeve 50, A second fluid film66 resides within the gap 64. During nornmal
oper at i off HHd tabeusad foy dhiwapplication is o1l, which is substantially incompressible. The

chamber 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 width of the chamber 60 can vary by
virtue of the fact that contact with the inner surface of the sleeve insert holder 22 is
accomplished by springs that are initially compressed 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 within the gap 64. During normal operation and absent system
vibrations, the chamber 60 has a width of approximately .005 inches while the gap 64 is
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



vi brations, the chanber 60 has a width of approximately .005 inches while
the gap 64 is approximately .003 inches in wdth. The fluid w thin chanber
60 and gap 64 is disposed therein by punping through bore 23 and | ateral
fluid passages 25 and then transmtted through the fluid communi cpjispp 9005
openings 52 of the bearing sleeve 50. It is pointed out that the oll 1Is

al so present within the fluid netering passages 38 of the insert 32. In
operation, the rotor 18 rotates and the bearing s|eeve 50 rotates with it.
The sl eddendifluideamiBanigatibrstpsaings A seeantingtlfieteplzrish shaduid fdmdaxer 0pdr i ng
operation, fluid, such as an oil lubricant, is transmtted through the
central dJapgra 23 under pressure, the lateral fluid passages 6 0 7 SEP 2005 25
and fluid conmunication openings 52 to continually replenish the fluid film

| ayer 66 in 64..The u fal: [ [ ; ki ering
openi ngs 38 gﬁ%\ﬂs%gf'clleg)ﬁg%gd%%él@%@%%ﬁ%ﬂ&ﬁdg Ogég‘? %?é]@f V&%é;a?sgﬁmof t he
rotor 18 within the stator 14 and thereby curb instability in the system
due to vabbratiomfinciien agrinst yibsatioprpiithe mogorid within fhestator 9/4\%95 Hheseyhairb bore 17,
such as would result fromsystemvibration, one side of the bearing sl eeve
50 is demikgdetheagaiensduet thevitehti@y eAs tiwevtor Saft BRisiones Iateealfyl withinght r apped
t herebetween to be netered through the netering passages 38 and into the

hanb i : s i j | )
chamber b@?eag Qﬁ%ﬂs@s{ﬁ%mggmaﬂ%gﬁ%&mﬁo&,'éﬁ@ sl&é%gg%]b%r{cﬁ%tsﬁfée‘v%o\@ ves

The fl ui $or S the vibration converts the a ener gy _
he. oppGemPEstit BRinsD i ated e ngt] 1 6o BFALroam(ores hGEPENET [hE bear | ng
sl eeve 50 is noved away fromthe sleeve insert 32, oil is
metered through the metering passages 38 and into the chamber 60. The metering passages
38 act like hydraulic metering valves. The fluid absorbs the vibration and converts the
mechanical energy associated with it into heat.
Conversely, when the rotor shaft 18 moves in the opposite direction as a result of
vibration (i.e., so that the bearing sleeve 50 is moved away from the sleeve insert 32, oil is
drawn from the gap 60 through the metering passages 38 into the second gap 64. One the
opposite side of the rotor shaft 18, the opposite actions occur. In either case (whether the
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



drawn fromthe gap 60 through the netering passages 38 into the second gap
64. One the opposite side of the rotor shaft 18, the opposite actions
occur. In either case (whether the shaft 18 and bearing sl eeve 50 are noved
toward or away fromthe sleeve insert 32), fluid is drawn throug@7%@52%5
nmet eri ng passages 38 and the nechanical energy associated with th

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 shoul thie benuddr sprihgs 40, sresinble in Gapipemitsdhe valnerat fira §4d ckambrs 60ter o n
that will resist friction between the bearing sleeve 50 and the sl eeve

insert 3&pafidhd doRGadd Sidhaly tb héhriritiaty instelseabnddectoasksdr thecomuacdf fliid bor ne by
the bearing sleeve 50 rather than the rotor shaft 18 itself. The resilient

seal i ng the .flui ystcls which is provided by 7 0 7 S E P 2005 the
annul ar tg{’)trllE F\eg%n%‘fvgpﬁsmgem rak% go'i nthat it permts the volune of the fluid

chanber 60 to expand and contract sl.i ghtl%@io cco date .| ncr.eases and
decreases in i §an dgogen Benrtheli the herng psse Ya?ﬁéﬂ"’ Fhe ' HHhePehanter 60. It
can be seen, then, that the bearing assenbly 20 provides a fluid spring that
danpens dantpeas ivibsticak dfhiherrotoorshefiafd withinmittehstatot therestl @t oln bddigorl the | n
addition, the pressurized fluid within bore 23 constantly |ubricates and

repl eni 95%}1%&9 REAHRS 1338 ST Btand) -lubﬁcﬂtgg aﬁd&%gf&ﬁﬁh&%e B fiFsendfly does not

rely upon elastoneric conmponents to” provi r surfaces, the assenbly can

Cher o1 20yt U RS ATEIY COCBF To16°F Shap cladaPere o gPo R Basirary o or
10 which incorporates bearing assenblies to support the
wear surfaces, the assembly can be operated at very high temperatures.

Referring now to Figures 5A and 5B, there is shown an enlarged view of the lower
portion of the exemplary motor 10 which incorporates bearing assemblies to support the
rotor 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.



rotor 18 within stator 14. Only the two | ower bearing assenblies 60, 62 are
shown. It should be understood that there are additional bearing assenblies
(not shown) located at regular intervals within the notor 10. The bearing
assenblies 60, 62 are constructed and operate in the nmanner of t@es?ﬁ%[hng
assenbly 20 described earlier. In this view, it is possible to see W r
bundl es 61 that formthe term nus of the |am nations and w ndi ngs 16, 19 of
the stator 14. A tubular base 62 is secured within the housing 12 bel ow t he
bundl es. A précessyof sxdmmBaryissnsohdevicesfafd showntsehenesicplbyveithiaribe BoiarH8 not or
10. The processor sub 64 houses a nulti-nmeasurenent sensor that is capable

of procegskdGing apRRHaRAsaNBIcperatiaMef the BTN bideRblitd 6, 62 Huck ARdxceRiveo t he
surface of the wellbore. One exanple of a suitable processor sub 64 is

"The Tracke ice manuf ac [ “the
or esent  THGERE FEAFT IR R é%é@g@gﬁ@eé@%ﬁ%@&n* Fh%wﬁﬁidgﬁéf%%
are shown schematically within the notor for sensm ormalities in
t he opersttPoit-ofhe first themnooeyplssersep PP é%lo%ed withinghe Flta%i% g% Broxgmate
vibration. A first thernocouple sensor 66 is di sposed between adjacent

| am nat i @esippér beurinpeass@hisly G0 Akt edtbrdd dowtiwidibr thewghptie sswsdr 66the s
| ocated within the stator 14 to be proximte the upper bearing assenbly 60

and extg& BecsARNRNRES Yk EAHOP %ﬁgsaﬁgs@éls% %18 A&, WRFRESnAY BB 64. The

t her noc sor |s an el W Te- sénsor that is nade of
G 7 er orlDAde GHLE o EHH GRS FLAgBr Rt B o oA B en R 6 SGa ng.
assenbly 60, and the anmount of differential expansion can be detected by
t he process oy clanpestd temparhiotgprokimate the upper bearing assembly 60, and the amount

of differential expansion can be detected by the processor sub 64. Although the

thermocouple sensor 66 is depicted within the motor housing 12 as being disposed vertically

through the laminations 16, it should be understood that this depiction is schematic only, and

that in actuality, the sensor 66 is layered in a coiled fashion with the laminated winds 16 of

the 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



t her nrocoupl e sensor 66 is depicted within the notor housing 12 as being

di sposed vertically through the lamnations 16, it should be understood
that this depiction is schematic only, and that in actuality, the sensor 66
is layered in a coiled fashion with the | am nated w nds 16 of the stator
14. A second thernocouple sensor 70 is di sposed between adjacent D AritRal¥ons
16 in the stator 14, but is located within the stator 14 so as to be

proxi mate the | ower bearing assenbly 62. The second thernocouple 70 senses
changes infortnetipreisataosmitied oxihrmrasessorsull hweherp das reagrdad eedibt iyangmitieddocan be
seen in Figure 5B, there is an acceleroneter 72 secured to the |ower end of

t he baseh3urfddef arCeEIE BAREGVe VibrdRhef ke vtdINBtjrefmatda pdrecllaskeafidgt hat are
transmtted to it by vibration of the rotor 18. Cable 74 interconnects the

accelero T2nt roc 64 i i i the rotor
18 withi agsg%rﬁlgelyég %to gr6 Eﬂﬁ"’k}@r?"'ng’a’%g‘%@??%‘% g}eEtiéﬁ@%%ﬁf%P yd@%l I stﬂgtelgefsaghgby sone
or all of the sensors (66, 70, 72) described above. The sensed 9 07 SEP 2005
i nf or mat 3sepmbly. Thig Fisilk t@RParyute,wopd Jradeiestablq By e pioesssor subj &4 VedBs ded
and/or transmtted to the surface of the well. Excessive vibration of the
rotor 18hghecoumt sensorni66 bt T4l lacatdiasar thgt paaksdaribeyringadsamibl 6.2 Addiviohallhe
expected to raise the tenperature proximate that bearing assenbly. This

hor moCcia e Soreur (A on SEUSSHEELTE A IR A R P g B

t her noco sensor earing
assenbly. Addjtionall.y,.. general excessiye vibration of the rotor 18 at or
ar ound iqlgacf%(ﬁ@?"eé‘?fd’} 2wt By Opyeng H@%’&‘%&@r%ﬁ@f@?%?@s‘m this

detected condition being transmtted to the processor sub 64.
While the invention has been shown in only some of its forms, it should be apparent

to those skilled in the art that it is not so limited, but is susceptible to various changes

without departing from the scope of the invention.
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VWi le 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 wthout departing fromthe scope of the
invention. 10 0 7 SEP 2005 CLAIMS What is claimed is: | . A bearing assenbly
for use in a notor having a rotatable rotor within a fixed sta%9%-P2mme
beari ng assenbly conprising: an annul ar bearing carrier adapte t% surround
a rotor shaft assenbly; at |east one frictional gripping nmenber on an outer
di aneter of the bearing carrier fogp;éphgtionally engagi ng an i nner di aneter
of the stator to prevent rotation bearing carrier; an annular sieeve
insert for surrounding the rotor shaft assenbly and defining a gap there
betmeen‘yéﬂl$6?§P%*%g afluid filmfor preventing abrasion of the annul ar

sl eeve insert or the rotor shaft assenbly, the annul ar sl eeve insert being
| ocat ed Iwi t hi/beaningnssembdy foratsein a wmbtdar heving aromgblaotar evithamal fiatd statogi ng

fi xed against rotation with the rotor shaft assenbly; a fluid spring chanber

bet ween thdeasih g BYLRbIP &5hpddify:t he bearing carrier to selectively receive
fluid fromthe gap and store the fluid there within; and a netering passage

chamber . 2. - THETHOR DG EERER PRt PP GRSETATARETE %r o o of sald |
metering holes. | The bearing assenbly of claim| wherein the chanber has
two ends and af ksastong ittignal gripping member on an outer diameter of the bearing carrier for
frictionally engaging an inner diameter of the stator to prevent rotation of the bearing carrier;
an annular sleeve insert for surrounding the rotor shaft assembly and defining a gap
therebetween for retaining a fluid film for preventing abrasion of the annular sleeve insert
or the rotor shaft assembly, the annular sleeve insert being located within an inner diameter
of the bearing carrier and also being fixed against rotation with the rotor shaft assembly;
a fluid spring chamber between the sleeve insert and the bearing camer to selectively
receive fluid from the gap and store the fluid therewithin; and

a metering passage in the sleeve insert to transmit fluid between the gap and the fluid

spring chamber.
2. The bearing assembly of claim 1 wherein there are two of said metering holes.

3 The bearing assembly of claim I wherein the chamber has two ends and is closed at
each of the ends by a resilient seal member; and wherein the bearing assembly further
comprises a anti-rotation spring encircling the sleeve insert and located between the seal

members.
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each of the ends by a resilient seal nenber; and wherein the bearing
assenbly further conprises a anti-rotation spring encircling the sl eeve
insert and | ocated between the seal nenbers. 11 0 7 SEP 2005 4. The bearing
assenbly of claim 1l wherein the frictional gripping nmenber conprises an
annul ar anti-rotation spring. 5. An electrical submersible punp 69tggp jgvi ng
a rotor nounted to a rotatable shaft and located within a stationary
stator, a bearing assenbly for radially supporting the shaft conprising: a

fixed anpul ar I: ' it i kD - tor . PLaSotation
rember o an BUTRR i 4eanEh R LAaGH ot btk Bnd Mo RhR Ml B oBE O T e
the stator to prevent rotation of the bearing carrier; a wear sleeve secured
to the SHAPulbnt-ptaliansRIPBerewith, the wear sl eeve being di sposed within
the bearing carrier; a fixed annul ar sleeve insert |ocated between the wear
sl eeve and the bearing carrier, defining a gap between the wear sleeve and
the sleeve insert; a pair of seals between the sleeve insert and the bearing

carrier,s def i\ fg: 1ﬁ%&@rﬁﬁle_pwirﬁot&hﬁm@l’dm@?%&nf@tt@éE&Q%&@%ﬁﬁ%d _
extendi ng through the sleeve insert for all owmng conmunication of |ubricant

D B TS o e SR Sl 2751 E5REAR o ahel

comprising:

a fixed annular bearing carrier positioned within the stator;

an anti-rotation member on an outer diameter of the bearing carrier that frictionally
grips the stator to prevent rotation of the bearing carrier;

a wear sleeve secured tc the shaft for rotation therewith, the wear sleeve being
disposed within the bearing carrier;

a fixed annular sleeve insert located between the wear sleeve and the bearing carrier,
defining a gap between the wear sleeve and the sleeve insert;

a pair of seals between the sleeve insert and the bearing carrier, defining an annular
fluid chamber; and

a metering passage extending through the sleeve insert for allowing communication

of lubricant between the gap and the fluid chamber.

6. The bearing assembly of claim 5 wherein the anti-rotation member comprises an
annular anti-rotation spring that resides in a groove within the outer diameter of the bearing

carrier.
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annul ar anti-rotation spring that resides in a groove wthin the outer

‘di ameter of the bearing carrier. 12 0 7 S E P 2005 7. A notor for an

el ectrical subnersible punp, conmprising: a stator defining a |ongitudinal
bore; a rotor shaft disposed within the bore and rotatable with ew to
the stator; a plurality of bearing assenblies that support the p&)tesgp 5thi n
the stator, the bearing assenblies each conprising: a) an annul ar sl eeve
insert that radially surrounds a fluid filmbarrier resisting frictional

forces ypon Khe rotar. el‘)e)ct&agﬁ%ilé}gbfﬂ?ﬁ#ﬁﬁ%{’?ﬁﬁ&?g:ﬂa” i nner di aneter that

recei ves the sl eeve insert; an an g on an outer dianmeter of
the bearing carrier that frictionally grips an inner dianmeter of the

stator; d) aafqatﬂréeéwa&@é?n%@a‘taggomt ween the inner diameter of the bearing
carrier and an outer dianeter of the sleeve insert, the fluid chanber being

defi ned by aarqied shafifdispesddwithindhepoe aht wotdtablet with regpra ss thgatator; t he sl eeve
insert in fluid communication with the fluid filmbarrier and the fluid

chamber to @Bﬁllyalﬁyvayaﬁayu' dsdelribies Bt a‘%bﬂ éhef Iiowm?fﬁﬁ itffé.rstéﬁli'l?ihetﬂéﬁﬁﬁ tor

shaft is nove ater ithin the bo The el ectrical subnersible punp

of claim7Y élurth%rj co}g;%i sing an anti-rotation spring |ocated between the
seal s of PRI GHYURRMBRY t hat secures the sleeve insert to the bearing

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

b) a bearing carrier having an inner diameter that receives the sleeve insert;

c) an anti-rotation ring on an outer diameter of the bearing carrier that
frictionally grips an inner diameter of the stator;

d) a fluid chamber located between the inner diameter of the bearing carrier and
an outer diameter of the sleeve insert, the fluid chamber being defined by a
pair of seals; and

€) a fluid metering passage in the sleeve insert in fluid communication with the
fluid film barrier and the fluid chamber to meter away fluid from the fluid

film barrier when the rotor shaft is moved laterally within the bore.
8. The electrical submersible pump of claim 7 further comprising an anti-rotation spring

located between the seals of the fluid chamber that secures the sleeve insert to the bearing

carrier.
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carrier. 13 0 7 SEP 2005 9. The el ectrical subnersible punp of claim8
wherein the resilient sea] is supplenented by an annul ar oil seal. 10, The
el ectrical subnersible punp of claim9 wherein a snap ring engages an i nner
surface of the sleeve insert holder 11. The el ectrical subnersibl g?@n
notor of claim5 further conprising a sensor device in operable associ |on
wth at | east one of said plurality of bearing assenblies for detection

an abnormality in the operatlon of said bearing assenbly. 12. The electrlcal

bner si bl e npt of claiml1l erei n.the sen r de ce
Zg soci th ed V\np[#‘ﬁ ECWﬁFltsi“ ‘LrB‘H:BPlP %‘r”hgrﬁ’bl S‘Fl’é??l et SS%':%? %ﬂlpgeﬂic&%ﬁr ocess

sensed paraneters and transmt sai d pararreters to a surface of a well bore.
13. The bylaaannilensil seabner si bl e punp notor of claim 11 wherein the sensor
device conprises a thernocouple sensor for sensing changes in tenperature
proxi mate said bearing assenbly. 14. The el ectrical subnersible punp notor
of claim 1l wherein the sensor device conprises an accel eroneter. 14

10.  The electrical submersible pump of claim 9 wherein a snap ring engages an inner

surface of the sleeve insert holder

11.  The electrical submersible pump motor of claim 5 further comprising a sensor device
in operable association with at least one of said plurality of bearing assemblies for detection

of an abnormality in the operation of said bearing assembly.

12.  The electrical submersible pump motor of claim 11 wherein the sensor device is
operably associated with a multi-measurement sensor sub that is operable to process sensed

parameters and transmit said parameters to a surface of a well bore.
13.  The electrical submersible pump motor of claim 11 wherein the sensor device
comprises a thermocouple sensor for sensing changes in temperature proximate said bearing

assembly.

14.  The electrical submersible pump motor of claim 11 wherein the sensor device

comprises an accelerometer.
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