PRESSURI ZED BEARI NG SYSTEM FOR SUBMERSI BLE MOTOR TECHNI CAL FI ELD Thi s
invention relates generally to electrical subnersible punp assenblies and 5
particularly to a punp assenbly having an internal |ubricant punp in the
notor that pressyti : i : ilize i t he notor
shaft. BACKGRCUNDPkgégﬁﬁyﬂﬁ?bggégﬁgg%giﬂﬁﬁ%?E§§5ﬁ¥¢§§@$t€gﬁﬂ%S%ESP) assenbl y
i ncludes an electrical notor and a rotary punp that is used to punp oil or
other fluids froma well. The notor has 10 a rotatable rotor that is
contained within a stationary stalBEHNMALISEGPs for the subnersible punps
are usually dispaosed.in substantially vertical position by virtue of, the

wel I's often bei ng"EPEYoY rela @eﬁg@lﬁrrtoseﬂegfr{cgi ﬂg’ﬁlebsébl?}@u’?‘é SeH]Lb FpP i n

I ength, th U_S[%di*@@ﬂbﬂy%'@bmﬁlb‘ RRCMbly e H0Btdrl TRt Fhd Beie aidor ggduce

vi brati on. e bearings that provide radial support for the rotor shaft are
of ten of t hepressufiges thedlubrican tpatabdizg beadtmge oz the motar shafti | m bearings require a
side load to provide optinmal dynamc stability. Since the rotor shaft is
rotating in a vertical position, t A& b, il e or no side |oad being
applied to the bearing during operation. Thrs causes instability in the

bearings, which gashvesidtlal, elettriesuBmersibie fipQESY) RbcniblphcluiicetdctRal
vibration in the bearings can cause the bearing_ sleeves to break through
the | ubri caniofof fid a rplasypumnihatisnsgd tognumpeilps pHer Thyds fxern o el g atoterdiss | ead to
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| ubrication system circu ubrican roma reservolir,
hol | ow not or pueingfdare usmally tispasudn pbstamidls vemicillpesiib@by virtae of therwetiabert he

radi al support beari . The circul ation occurs, hy reason ofthe rotating
shaft. Nor HP%/YGYMS?@!%rgwﬁﬂlaﬁawa,y%s%fape@%nmr e, e nees el SBROR ng

shaft is |0V"oeaﬁﬁ§st8§¥a‘oﬂiliéi&féﬁfﬁnd cAbsgafohr cul ate through a heat exchanger

and through a particle filter and/or a ygroscopic naterial to renove heat
and cont am nant s Fhedreatihgs thatlprovidatadiabuphant fidr theprongrshive awgiien of thatflud

mar ket ed. rel y. on conyection_.ci,rculation of. lubricant, prior ar atents
exi ot thlt - SHBP BRI B P SA SO 7 & Bt A M aes QPTG
circul ation sigHiR®H SEhcOhekdtsr Bhf Aro@fitg iRALEMES paBHbS (Al is RRRRAho ife BAOVI de
sufficient pressure to create a_ 30 fluid filmbetween the bearings and the

shaft. Wher ebdieg eprdied Ito Hii begring deringoonseationt Thés cavses liestability i thei beaftndsm
stabilization 0{1 81jhpeurlnal l:():earvi nrgs,[b Qhei%sur gzatsiioen .gf titohe u reglr?narsltcanrray be
used.  Stabi | I'PEP BTG SRR HO0RVPEBPR  BRTSTLS YRgtpR g boartngs can
bear i ng- conpeiigétthe bedritlfskefesab breal Ao G Re Bibfiéant filH) reduRin@ah Rietll fo-hetaf | | M
bet ween t he conponent and the bearing even when there is mninmal |oading.
Wil e 20  contact that can lead to premature wear and motor failure.
A typical motor contains an internal lubrication syétem that circulates lubricant
from a reservoir, through a hollow motor shaft, and through passages in the shaft to
lubricate the radial support bearings. The circulation occurs by reason of the rotating shaft.
" Normally, there is no pump, and the pressure due to the rotating shaft is Jow. The
25  lubricant may also circulate through a heat exchanger and through a particle filter and/or a
hygroscopic material to remove heat and contaminants from the lubricant, Although
pumps being currently marketed rely on convection circulation of lubricant, prior art
patents exist that show internal lubricant pumps for circulating lubricant. The circulation
created by the prior art patents would not appear to provide sufficient pressure to create a
30  fluid film between the bearings and the shaft.
Where lateral loading of a component is too low for fluid film stabilization of

journal bearings, pressurization of the lubricant may be used. Stabilization occurs whena
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sone pressure is developed in an ESP notor designed for |ubricant
circulation, it is much too low to achieve stabilization of the bearing
through fluid filmstabilization. 5 DI SCLOSURE OF THE | NVENTI ON A net hod and

device are prQitiriest if @4 istoaltehlizd-AinonadttintBeaeiad 8 prosfurdsTHOBR S bt r@ain ¥e! |
punp notor by increasing the lubricant pressure to achieve fluid-film
st abi | i zat i on filmpevegs therepmponant inddbebegring even Whed ithege is nrinimableadingf Whilad
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The lubricant tgdnep tbashiéveseibilhtiondhd waﬁnﬁﬂir@ggmemﬁd Alndsthsiesionend of the
shaft within the notor and rotating with the shaft, the inpellers being

| ocated in_ the flow path of the%Lubri cant. A diffuser is |ocated upstream
of and adj dcent each i npel | er DI$QFOSVBRIGGTHEANVERIAYNg | ubricant. The

i npel | ers-increase j ' l.QCl il |0 hri ‘?4,&1{% ocity
is converted into éAx %f&gé(g%&r@eﬁ’gcg&& %r&%ﬁﬁéé&ffgi?t?m%%ﬂ? E}lﬁa I rr%ré?q%glg ?E @L:
| ubri cant f| oweelltgungpugébtot bieintiensing the liibuvisant peasshre tu avhiele flusdHdn stfbilizagor. i r st

inmpeller. The lubricant then flow throygh the second diffuser and second
i npel I er and f R 1’éﬁlu‘§]e€ REOHINPERE %?éig’Wéﬁiéﬁé%ﬁﬁlﬂFﬁﬁemwcﬁtﬂﬂg&h%shaﬁ

reservoir. Th [ SRy i ']5‘13]@5- : vel ,
and t he secon%x{sa!t gaasgag%tr\@gﬁ}}?:i)zes % h%%ﬁ%ﬂg?iqg%ﬂrfzt%%o ls',s cgvr%%:dlqﬁi gheéﬁr%?essure
| evel . ThdOpr gssseurgzingth¢ hbricas.eTholubriccatipesp hdse seudfiimpeltdrs stzclidddwa idwepugh
the 20 hol |l ow sha nd t.hrough the outlets. t he, bearings., Each ouf.l et has
t least thr ecoparte S nth b mlntandina e fihdePen A e s i gettin . The
lubricant is preSSHpdtE 8fthé Ribficank! £ aFE& iSlebdidipRRlant 6F dnl A8 eRnRealt riPelr

| ubri cant between the shaft and the bearings, the film preventing the shaft

from cont act i rfgr slhwingahe inegming Wbgcant.aBhe impaligrst inerehssathe magial vBREigFof the

DESCRI PTI ON CF .THE NGS 25 FIG 1 is.a schematic . viewillustrating a
subner si bl e pl}%m%t%%?@ﬁ%f Pﬁg?\ée&eﬁ H%o 58&8?%@%%& ) ﬁxltt m‘%e f%eélﬁ "ion and
installedisn a wel [The fdbfcard flows thréipt ihediatldiffiseivndlihty Blefiflel dTthedistippdler.
section of the notor of the subnersible punp assenbly of FIG 1. FIG 3 is
a sectional vikwl@ricantshenilosys thyaegh thpseepnddidusepangrseesmdimpellepandelosysiorieotpunp

30 assenbly of FlG. 4 4.5, j.ana ! i of
the motor of oSt Sngihi ishel® o3TEEhORT s Gle oS pRUGLER O
vi ew of an uppera predingllewlimdrthe beeand siggeopressnazqauihp hisieantitb w seadndfFhigherl,
taken along the line 5-5 ff FIG 2. 5 FIG 6 is a sia%t,i onal _vi eé/l\;of %n
i nternmedi ate REEFFYP 1oghpdhe PEERKS HythsfreseR@irfghtss the Tubricant to flow through the

20 hollow shaft and through the outlets to the bearings. Each outlet has at least three ports

arranged generally symmetrically around the shaft. The lubricant is pressurized to a
pressure sufficient to induce a film of lubricant between the shaft and the bearings, the film

preventing the shaft from contacting the bearings, thus stabilizing the bearings.

BRIEF DESCRTPTION OF THE DRAWINGS
25 FIG. 1 is a schematic view illustrating a submersible pump assembly constructed in
accordance with this invention and installed in a well.
| FIG. 2 is a sectional view illustrating an upper section of the motor of the
submersibie pump assembly of FIG. 1.
FIG. 3 is a sectional view of a central section of the motor of the submersible pump

30 assembly of FIG. 1.



assenbly of FIG 1, taken along the line 6-6 of FIG 3. FIG 7 is a vertical
sectional view of a shaft sleeve that is secured to the shaft of the notor
of the punp assenbly of FIG | for engaging the internedi ate radial support
bearing. BEST MODE(®)4; GORR O T : i FI G
1, a downhol e, el ecgcr$i4clg%% r(%erﬁe%&l%ef pu%F@gwﬁgg?%I%gth%&b?ﬁserré@ggwﬁp
installed i n asswelbly fFIGERP assenbly 11 conprises a punp 15, a seal section

17, and a notor 1 Punp 15 is used to punp. well fluids fromwthin the
wel | to the surfacz:.IG' %aﬁﬁeoysnairwwwga%um)@ﬁ{aﬂif ﬂ@a@ﬂ&mﬁg RERF PRSPPI it y
of stages, eachrfRtagebay e KIEDRIFIE@rH and a diffuser for inparting an
upward force t%g t ggfI(El?gll.oﬂg}h'?glrnﬁg%gfg,z'punp 15 15 may be a

progressi vé- cavi t y Ftinpishasectimpabviewlofist mermiediatetradiarsupput bearag af the ptump t hat
rotates within the st r eal  section 2 uces pressure differenti al
bet ween t he mpg’gi%\ftaﬁltlg bt EG}Oélfgi‘ﬁ?Fli‘ﬁé'%}é{ﬁgag'd the pressure of |ubricant
contai ned i n notor piQ,7 YR{&ical 4&tibSal 6RAEE bRk dRvahaay SdehreRto L BT fHet gsby

a cable or other nmeans (not shown) for powering notor 19. Drive shaft

(FIG 2) of nonaer ofthe mimposgembddy ¢fF1Shlafbt enggging the mtenmidi2te ragdial fiipportesatingect i on
17 and punp 15 to transfer torque -frommnotor 19 to punp 15. Mtor. 19
creates a torque on sh f ovi di ng power
to drive punp 15. FlI éﬁggﬁo@gﬁﬁcéﬂg@ﬁﬁoégT%wﬁmr central,
and | ower jgorti ons ReferfiRf RIFIGLH a dbWAIRle, $RcthidSsuBmb@ibi fghpESPiakerstly I Pignds
conponents within potor 19 and protects 25 conponents fromcontact with

wel | fluids. BOWRingtafled impwallids BAP awepblyrlltemprisss aqmmn 15, apgsdpectiorll f.or

connect i on {0 SEFmBEAY M 56481 telurdlRhAT 5B b Sk P Wl Ak ka8

ext ends from the upper p on of notor ower portron o

A rotor 24 is Purmpuid méy be ashatifugdBpunay havixigad plarulity bihstapes catlasthgeiawingshat or
26. Shaft 23 contains_a_coaxial |ubricant cE)assage 25 through at |east a
portion of shdfmpelesands diffussriferimgatingan wsyerd foacedo B fyidhrdierstivelyaiump 1suppor t

beari ngs, q@f ' 1 : . hej rqng 27
(FIG D) o it & PReflsyBRi publp i ot Dyl REA b
beari ngs 27, 26tatenwidtin dhal stattr.erSehl yectiop drieduves presshafdiff@dhtial bétiveersthet or 26
and are located, 3 at various |ocatigns along.the |length of shaf . _Down
b ust | mposederaRtpi e de Welrh B4 prefo TR st tianed Rl o Sipor
bearing assenmbiloyjs3@naRiat 8ch iirRAFILidN9aH £8abléBr bikbLhRAks (nBUSHIwnS FRE,
centrifugal |ubricant punp has an upper s%gglg t31 and a |ower stage 33, each
otog

st age havi ng awweripgmiotar 185 Drigg shafi@ 34F . 2 80 isgouplespioshafist(aefehadn) 5
i f bri t first | | d | ' 33
Frcreases e SR Bl Bl ) Mk At Bl L 1 Ak Sl

wi thin a | oweriggdatds@iorghie ek DYto cause the shafts to rotate, providing power to drive pump
15.

FIGS. 2-4 comprise a sectional view of upper, central, and lower portions of motor

19. Motor 19 has a housing 21 that surrounds cc‘>mponents within motor 19 and protects

25  components from contact with well fluids. Housing 21 includes an adapter head 22 on its
upper end for connection to seal section 17 (FIG. 1) Motor shaft 23 is cylindrical and
extends from the ﬁpper portion of motor 19 to the lower portion of motor 19. A rotor 24 is
mounted to shaft 23 for rotation within a stationary stator 26. Shaft 23 contains a coaxial
lubricant passage 25 through at least a portion of shaft 23 for providing lubricant to a

30 number of radial support bearings, of which two are shown, these being an upper support
bearing 27 (FIG. 2) and an intermediate support bearing 29 (FIG.3). Radial support
bearings 27, 29 center and laterally support motor shaft 23 within stator 26 and are located
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21 for pressurizing and circulating lubricant. Alternatively, the |ubricant
punp can be |ocated within an upper portion of housing 21. Each inpeller 3
5, 37 conprises two circular plates 43 stacked vertically and having 10 a
plurality of yapesudRcaldhaaRas tﬁeoleﬁ’%ﬂ oPSHAMERN Db BRud ImpyRASR shmn 98ld ne
separate passages between plates 43. Inpellers 35 37 are attached to and
rotate wth shedleddsthisembpdenent bipa thewshbearing assembly30maduntedrin adaptephead @pel | er
35, 37 and increasg_the vel ogity of bricant at a dischar at, a
boriphery. 1t i <RigB B e erripe yibtesd Hie Bos P oSG SR Tflehar ge
| ubri cant dowgwar ﬁagemy&wﬁgta%érlﬁyin@@ﬁﬁ der 37, B%ﬁdeachiffgseﬂs§,m!llaUgﬁerwa¥@31d- 15
I mpel lers 35, 37 are preferably straight-vane inpellers which, while |ess
ef fi ci ent, wolicrgases theoptessingi afdbe fubriednt epe First layel, end lowsr siagp33 ineprabesdhes 35,

paseages. bet veerigs S baRhTeyd PHk 1M BR G Rl e piios GBS o1
direct flow axi &rlpyesaigizivg Andaﬁrcﬁlaﬂnagalulbﬂeanﬂamtaﬂnme@e iR RbAYRE phiip S8R

cases. However, m xed-flow stages do not 2;31rovi de as nuch pressure increase
as radi al - 20loratedwithiges uppepodion ofhensingiAlg nore vel ocity. Diffusers 39, 41

are nounted to thegjhk . r. i a [ I ry
relative to inpel ?Féércg rﬁgée,lﬁgﬁlg’ggg?r%%%g 9C11{3§1gfp3%g§4§§t agg%dv‘geﬁ%%anlgz#ﬁé?‘g , and
di ffuser 44 is plwghy ef viaekwoestativdebl8d Hetieen PlatesEHBC v alidsfAssRfindYepathle has a
plurality of passages 46, 48, respectively, that | ead downward_and inward

from a peri phBiSyeaesdeiweanplptas 42 simnelleis 85, Fopin aitashed tg1and getplewitheipB 224 wi t h
the inlet of : i i L: ves as
an i nput  pat hey SoriPEld Ehchedfhoridy of Bl 5 1 Hffortde bt TRb U o Y e

| ubri cant bei hiyridirs etzatighatgbdst apppgiery. ipthid embodndne fimpellerd 356317 ¢ cridntedér

i mpel I er 37, ingreasi th ressure head of t | ubricant at the exit of
upper i npel | effiSgsree 1)5\?3%&31%%#35 ric: dibicAd o Tl B EheD ST Etat ed
bel ow | oves | FRGAIERSS3P ardPlefRabtP st FaRNBRBESs REIChONERNGS BiciddSyduttPr | cant

punp. A fixed vol une T.ubrl cant reservoir 47" is |located below inpeller 37. 4
Referring to Hl@sbidirestiond opengper ofshapiny Igipelless 36, B arershowhy ke agdialifiaw

conprises a | eeve. ot hushi,ng .secured agal nst rotation.w.thin an, extension
renber 49 of RAAPER Cieduie 99% SRALHR Bireatdl bitpten e MRttt
exagger at ed i flowhifspelfers, ¥kich e BbWRRNAILY Awéllts@idialF] RaPdley be@pidyad th seie and
the inner dianeter_of upper bearing 27. The |ubricant outlet at 5 gfper
bearing 27 cofg§ses-sBewevshaeixpbflew sBges doniat Rravidess énuch Prasgie Fivesse 83adigldi al | y
from axi p age.2b.ta t . ri shaft 23. Ports 51 aré preferably
| ocat ed i%ba @%ﬁ, ﬁ&%g?%ﬁé”%§?§§h§¥%ﬁl%ﬁgto the axis of shaft 23. Ports 51

are arranged gener Biffisers 3911 bieGAbdUryed tartheidlerssugihte @Bmbiof hptsing 2 ad ae
bal anced force caused by the discharge of pressurized )
stationary relative to impellers 35,37. Diffuser 39 is located above impeller 35, and

diffuser 41 is located between impellers 35, 37. Each diffuser 39, 41 has a plurality of
passages 46, 48, respectively, that lead downward and inward from a periphery to a central

25  outlet. Each central outlet registers with the inlet of one of impellers 35, 37. Upper
diffuéer 39 primarily serves as an input path to upper impeller 35. Lower diffuser 41

serves to slow the lubricant being discharged by upper impeller 35 before it enters lower
impeller 37, increasing the pressure head of the lubricant at the exit of upper impeller 35.
Although not shown, another diffuser could be located below lower impeller 35, which

- 30 would enhance performance of the lubricant pump. A ﬁxed volume lubricant reservoir 47

is located below impeller 37.



| ubricant into the cl earance between bearing 27 and shaft 23. It is not
necessary that the 10 ports 51 be precisely the sanme circunferenti al
di stance apart, but any variance should not be so nuch as to create a
signi ficant unbal aRreReiddnFeGERRINE SCuip¥: Beafing BT 8 aGburhdl DearGiihat RBPlses a
di scharged fromshaft 23. In the case ofthree ports 51, the desired
ci rcunf er ent i dlcews erbashins seayad eeainspiefatian WithinpaexiessieppewRerdd réadaptepigead

degrees. |f foyr e l. e IS art shoul.d b
appr oxi mat el y%go pgéeuggtrh‘zcelg%a eb\gﬁ%ﬁéﬁ%ﬁ%f&%ﬁmy&&%gﬂg'gsufégls &etsvgagn 51? % ‘geﬁi eved
by only two p@idnSet&hf siRifelB drld thy (et dilgeébd M@F@%ﬁriﬂ@ﬂ.dﬂﬁﬂﬁ@r&aﬁmmbt atThe

flow areas of the three ports 51 should total nore than the flow area in

the cl ear adce UBBEIRSEINE Dewwmnrigevthregparts phfwhicizextendithjongh shaft@3radigly fforand 6
i nternedi ate i i I A ] Il i i | e,

I nt er nedi at e %2%{ 1"%%‘%%35 :tithg e?\%ﬁgrréof%g%ﬁ; "erO?rr{ér%gge Ifrgfae{amyglg%a?gégggwcﬁﬁfnﬁnt he
inner 20 di apinepopbndiduires the @xis bfsheft 0B.dPafktss IneadrtdhgeP@neally Seah@dcdligt ween

sections of rotor 24 and an inner hub 29a with thrust washers 54 that
slidingly engdgdndspat 244 nreviding achalangeisfosge causnddry the disphargs ofgapssiiéZefear i ng
29 has gri ppi i ' ' f gi ' l.amet er
of stator 5 paieil R tinAEh bBRE Y LAY GBRIBIIE bifoocdt) Bl e
conventi ond tpppes! baybcisedy the Tarmé cipehferkmiid diswnce dpatt, eyl wrisdve shouldeetsed i n
| ubricant. 25.1n this enbodi ment,_  shafi 23 S a sl.eeve 53 on jts exterior
that i o secur dtf 0 BIha? cropis AFgRIGR AL FATE O PEBy Y Bedey Olsbrioendele 53 i s
slightly | ongefisch frdif sipfi Bl 1ihEBRS bf)tﬂreegf)rtml?t}%%@sireﬂ BeduddtBgial MEtRde

washers 54, so that an axial forces inposed on rotor 24 pass through sleeve
53, not t hr ougipathfdomz@eh otBeriswppreSimatelynt 2:degiraeh Ifofour p@ts Hrele eraploj, the

considered to a part . of the asse of shaf 3. eve. 53 h

annul ar gr OoveéfsSq,ncggpqrtes@gglgtbgﬁpwpma Ih?/%OsJeigfﬁq%r‘&ble&W@?iag?mngrcg ﬁ%@gn&%e
particul arlsy ianievdd by onlyIdiports 81,R& i0B@nBétricdIR sBace® THOIMHPARE hkt, ABE HEWS9
(FIG 6) that extendyf ?gﬁﬁ a>?ibal passe;g%%]ZS tlgm?ﬁgaext e(i(ﬁg?&ofmshaft 23

wi t hi n groove @&@s oObathres parts Jrehpulditealigorg handhe Aewdrerdn the clogrenes betwesn 5
because they N0t ,-d0 NPt eate a lateral force against internediate
beari ng 29. Sldbgﬁ%gzgdsmdﬁﬁ%ﬁg%ree or nore outlet ports 61 that extend from
inner groove 57 t 0 Relgrifxo@IGOI3 4ld 65hieeN@liatdBsariilild Blalsp @fjéEnd bearing irdthisent ed
radially for di schar?rg\g into the clearance between the outer_ dianeter of
sl eeve 53 and ¥REPken Fisrmeiatediearing?® ip a apn Foiptside memberdhat jonates withingbe We®d 5 t o
be in as t i ti : - . i i & i

For ces. t nay ar gy of SSKETE IEleaata it bBYnE 35 i GbER ek Aob Yo BhE S B
three outl et paarituser Giib 2daovitidthenst wesherstSh éhat Slalingly emagd udpheandlleseraedtienbet ween

sl eeve 53 and beari 29. .Bearin 7 and, 29 are _.illustrated to be
oyt inar i ar ) ornas Bienediae Dot 20 fia SAPRE deVIE S2 LS PIRBHY ST S BEtEap o

tri-lobe bearijgs.diameter of stator 26 to prevent rotation. Gripping devices 52 may be of any

conventional type, such as a T-shaped elastomer that swells when immersed in lubricant.

25 In this embodiment, shaft 23 has a sleeve 53 on its exterior that is secured to shaft
23 for rotation therewith Hy akey 55. Sleeve 53 is slightly longer than the axial dimension

of hub 29a, including thrust washers 54, so that an axial forces imposed on rotor 24 pass
through sleeve 53, not through hub 29a. Sleeve 53 rotates with rotor 24 and may be
considered to be a part of the assembly of shaft 23. Sleeve 53 has an annular groove or

30  recess 57 within its inner diameter, as shown particularly in FIG. 7. Shaft 23 has one or
~ more communication ports 59 (FIG. 6) that extend from axial passage 25 to the exferior of

shaft 23 within groove 57. CGommunication ports 59 do not need to be symmetrical



10 In operation, housing 21 is vacuumfilled with a volune of |ubricant, and
ESP assenbly 11 (FIG 1) is assenbled and inserted into well 13 (FIG 1).
Once the electrical connection to notor 19 is nade, the system can be
started. As mgtonsshafd b R% Spai P ARl

| ubricant from &b%ve%ﬁp%?d%ﬁ??%gtgk?%ggan% g%%wsﬂll tmk(gfﬁt%lgjﬁag gggpsgée%ggéfuser
39 creating ahprthssor moreamtetgiortt Bkthawaxtand frooLibhergrooke 67 fofthsaiterd® of sldevépper

inpeller 35 i ases the velogity of, the lubricant a directs the
I ngl cant out ”rg) SlF'i)p‘{rﬁéillalﬁ‘i%.‘Reél%fm@%@k&’ r disehangng "ﬁqalewiwwatftw e41
directs the flomw Hlﬁﬁtbﬁ} bs1deD¥ed £haaDinndAINRLS eaagﬁé ggsbﬂﬂe’cégﬁs @lrcﬁﬁtn%

head. The lubricant has an increased pressure efore entering omer
i mpel | er 33. Tchbe hmbrsubsaamtla]ﬂ))as}mﬁﬁetnuaﬂ anhy e ceeaitmg oddidliyvdireciedf@ictsethat3fe and

into reserv0| S rethan t he Xlt heflrs

el 1o 90, PRENsederand dort 55 SESGREPR sieBt o i ay e gprek! ABILHSEY cant

to travel up W fdw ale@émeaeaénm@w@eﬁg@aregs%sanabee&ﬁgzy.a% shadhelo gppor

bearings. At internediate bearing 29 (FIG 3), lubricant rom

communi cat i on ilpsirated BDeicplimirigaljoneal 5Zaringadut ¢tvatd teltleutypes wol dsgfor pantple, 61

~(FIG 6). The d CQ)F ﬂ from outlet ports 61 creates a symetrical
outwardly di r & force against the inner dianeter of bearing 29.

The pressype of 25Iﬂ ré.ﬂbgrh&ﬁﬂfg Zléib'%cﬁmhbﬁllédl\bﬁlh 6 3Bfuntelof 1hH¥aRELNEESP S| eeve
53 and bearing 29 and to forma Imin the interface or clearance, thus

stabi | izi ng bessembly AIFIGiLxig aasdn;bledawldumpmd lb@amlh]gi (FIG. YFOGS: tthlaQ’Gdca$)

| ubricant is dISCh fro ort 1inas i out rect ed

Datt or o hgn nopREaGT Rimeht T REaR, BF stef oY PUREAK" s Bl Tt sl ES voen

upper  beari ngotdfé, apsér Sipélter 233 drabeelulbﬁaﬁﬁ Woln BBLSE UpPer@iOicRi30 Q6] AROMEIL A

critical level to ensure 30 the continued stability of bearlnogs 27. 3p9e
Siffser r

Typi cal |y, thévaegeurnst fiffisersifereating fguessiiest nad at tho cenfrd owty
et al <t or gt APPSR BEYA Y Wl Ao IGRT e REBERH DN A Sl BBy |

i mted or el itorihediteke of Towa diffubec4ls Iovwer diffueerdé rdiryct@ﬂlerﬂeq;tmdleldy mezpr}daﬁ&rrent
of bearings 27,29 and, provides for a_l onger n-ti between failure The
present i nventPBRVBidoiicEraSTE S pressitabrwl. Fig obippest B IRErReseh BreyRTe beadet hod

of pressurizatjfpe éﬂ?é}n%tlé’@% dgééﬁe& - Th\é‘i‘hﬂrfcaﬁtﬁﬁssie%{g Ef*?%kéﬂ o?lo%féﬁi%bellé} 3gnly

one of its forns, It s apparent to those Intheart that it
is not so li manémtotnservo1$4§usﬂne¢iﬁg}tetpresmanhaﬂambe mmfgmﬁmmpeum departing

fromthe ope of e.invention. For ex t he ve of the shaft
ol 0P e | i el i Pt e T £ort e TRV Ea g D e aceent
upper and | oWgpssaELsS a@iashs%aré& arthﬁval%lgrradimﬁﬁbo%eahﬂgx A@mttéﬂﬁediﬁ'l@i)&arm@lmh as

by a retaining ring. Conversely, if desired sl eeve coul d be nounted to
the shaft for 2r9c6FIél Bhinbrivertdaivs lfroaxtconmelneq@per:pdy@é9 intqgroove 57, and then through

outlet ports 61 (FIG. 6). The discharge from outlet ports 61 creates a symmetrical

outwardly directed lateral force against the inner diameter of bearing 29. The pressure of
25 the;-lubricant causes the lubricant to flow between sleeve 53 and bearing 29 and to form a
film in the interface or clearance, thus stabilizing bearing 29. Similarly, at uppef bearing
27 (FIGS. 2 and 5), lubricant is discharged from ports 51 in a symmetrical outwardly
directed pattern against bearing 27. A fluid film is created in the clearance between upper
bearing 27 and shaft 23. The pressure must be maintained above a critical level to ensure
30  the continued stability of bearings 27. Typically, the necessary pressure ranges between 30

and 100 pounds per square inch.



7 The invention clainmed is: 1. A subnersible well punp assenbly. conprising:
a notor having a housing containing a stator wwth a central passage

t her et hrough. the housing adapted to be filled vvith | ubricant; a rotor
shaft assembl y | 0caifeiehlidlof fifroGftidite g et b1 S0 R odiftdct of
rotation relative to the st% %]ﬁrg ﬁur?ﬁ %/?{é Ms%uépo?{e%garﬁcngs

sur roundi ng anshaftszﬂameﬁra&labmgppm lbarglgm 20f2% llsélrmh:dfdr ehsrmm’mi. yTHipredoeeditiad | y

supporting the_.shaft senbl.y, -each of..the radial support . bearings .
conDrl Si g o SEBRTDC SO e Rpen QChiaes 27,08 oal REBHeS foh Hest S
‘assenbly an anpgthatn ShSAE, "J”i‘I-Irée redenf ﬁﬁ/elﬁﬂ)ﬁ PPRRAR GG hblel HBable hﬁ@ﬁﬁgﬁﬁﬁve

| ocated in the hous- Ing f umpi ng | ubricant to thé beari ngs h of the
i npel |l ers bgi ngledtoda)épedsm@atmmdmdetla’alﬂllzat@nw th Il se shaft assenbl y f| rst

and second di ffuser CI ated with the first..and se cent

i npel | ers. respectiV alf/ CARVeRLS SINWB%Q%‘«? ég‘t"gﬁd?ﬁ‘é’ @%eama? Feh t he
shaft assembl ykii1ey ful #é drt GRAMIS! Instasd mﬁuaa wt @@ué&b‘ﬁtﬁﬁ’é tP¥arfol§ chahB&ORthout

i npel I er and second di ffuser such that al th | ubri cant punped by the

i npel | ers and departitigfifans the scopt bfshe inventiont Eer eamnalle thaslsagef thashafiasdemblyiah t he

shal | assenbly .at._each.ofthe beari e outlets risin

| east three poltediFig ﬁj‘( Rparing; e%imlﬁeda\ﬂ‘ﬁf’? #iacn%ugre*fapg Vg’gﬁes?g‘dgggnd
arranged sypst atrofk iked AR thitkedhal, RERUS by K'fbtaﬁllﬁﬁ% ting.2658vERdely, BiQesired, a

di scharging |ubricant radially out ward i nto h earance at a sufficient
pressure to i ndgee euldbermamted|te theisbafhior retatianchereyish all thepppee beatiget ween t he
shaft assenbly and the outer nenbers of the bearings; a rotary punp coupl ed
to the notor exterior of the housing and driven by the shaft assenbly of
the notor the rotary




punp having an intake adapted to be in fluid communi- cation with a well
fluid for punping the well fluid; and the lubricant in the notor being
sealed fromthe well fluid, 2. The well punp assenbly according to claim1,
wherein: the shaft assenbly at a first one of the bearings conprises at

| east one bushi ng nod ?é&'eﬂ%mﬂ REUBFAI% for rotation therewith; and the
ports of the outlet &tAtheneisie WolepWRD AHENBBRCOHYY1SE& end t hrough a

si dewal | of the hushhnmptoSh@ingihkowseig cquapigssdatior witiccwntthhg to claim 1,
wherein: the shaft asgssicythcanpoiglestha Housingrglapdnibest filbicd he shaf t
assenbly for rotation {hpnemdani.at a first one of the bearings ; wherein
the outlet at the first,oler0ksddifyd6@kied Wit GOLBS §gisapPofnnul ar groove

formed in an inner di ter of h- NG a G I cati on passage
extending from the ax?“ sfator for b glltt))lyﬁ,l'ltl\bn;% th@bt%ﬁ oye; and wher ei n

xi gI" "1l ow.” passage t he "ann ar_.rg
the ports of the outfét E“‘éytgrtne"ﬁ‘a’ia? pﬁiﬁ’i gmt“ﬁé b“é’é? ‘_PgWg’ iec&tend t hrough a
sidewal | of the bushi na&ed lhas adeaih tg?’]&\t/lé‘.ss?ﬂl Wrer w13 Dounp assenbly
according to claim1, supepding the phalinssenbbr cadheotdhe radialpepparhe first one of
the bearings extend fbomipheohipowingassaygenargdiaéd pentcotigh it he shaft
assenbly to the outerseghanei omahe {ihet sbahblyaasamlar.cléaraie; wel | punp
assenbly accordi ng t @r¢had fechndWRgr LRl infpfetsBEA eI SiRNM Gl ffusers have a

conbi ned capacity to ; E 030 RLESS i, the 1 ubricant.
e el | ppurrpyasse n@rﬁ%gg?“lﬁﬁ%ﬁﬁim PGl B rREESILA O u%ha oer i s
2

accordimg to.claiml, wierein. = a
located in a | ower por,lt“‘il‘%trkfﬁ Q‘tlﬂ‘e "ﬁ%ﬂ%ef]r{ﬁ,‘mtwhléﬂd“élﬁa“ﬁiérlh%Blﬁijai ni ng | ubri cant
and being fixed in vol ¥E#2°Yand the second inpeller discharges into the
chanber first and second diffusers associated with the first and sec-

ond centrifugal impellers. respectively;

an axial flow passage extending axially within the shaft
assembly in fluid communication with an outlet of the
second impeller and second diffuser such that all of the
lubricant pumped by the impellers and the diflusers
flows into the axial passage;

an outlet in the shafi assembly at cach of the bearings, cach
ot the outlets comprising at least three ports in tluid
communication with the axial flow passage and
arranged substantially symmetrically about the shaft
assembly for discharging lubncant radially outward into
the clearance at @ suflicien( pressure to induce a film of
lubricant in each the clearances between the shaft
asscmbly and the outer members of the bearings;

arolary pump coupled to the motor exterior of the housing
and driven by the shaft assembly of the motor the rotary
pump having an intake adapted to be in fluid communi-
cation with a well fluid for pumping the well fluid; and

the lubricant in the motor being sealed from the well fuid.

2. The well pump assembly according to claim 1. wherein:

the shaft assembly at a first one of the bearings comprises
at least one bushing mounted to the shaft for rotation
therewith; and

the ports of the outlet at the first one of the bearings extend
through a sidewall ol the bushing.



7. A well punp assenbly, conprising: an electrical notor having a housing. a
stationary stator wth a central passage nounted in the housing. and a
rotor shaft assenbly extending through the central pas- sage for rotation

relative to the StathJ‘thg,hﬁ l]SIl mgg; Ord‘l 10 Lﬂa?{‘ﬁt_lhw Hprl cant: an
i nterni edi ate beari Eg‘oﬂfﬂ] re b he assage of the

stator and having a ecr“ 1p“r‘?c é‘tl%ﬁbih Yraty ”5}‘{ gag ePnE.nt with an inter
wal | of the stator: amfp r”i‘“ Vﬁ ‘@ﬂ’é?ﬁ‘f‘f‘i"ﬁ%“kﬁ SERE% ¢ BBove the stator
and bei ng nmounted nohefr‘lytcat atetein gl pElehgLigienyst eeolsthabeaassenbl y bei ng
separated from an i nnergsdicargises: of the internediate bearing and an inner
di aneter of the upperanhelar grgvbyoaredanauliaier ciagasianciahe Bugthanber | ocated in
a lower portion of thgdousing and containing a portion of the lubricant; a
first diffuser havi r&gc@mabﬁrca lbﬁ%fm@bfddte'e&ﬁldmg MEPMPAGSAG8s  having inlets

and outlets, the out of X u passages being radially
i nwar d fromthe i nl t?]bsSq 10 l% 1EI$1§T$QVL ad n the shaft assenbly and

g
having an inlet in “flfeﬁ t(bSnPﬁﬂﬂ g ??%hmaﬂt”h‘“ lljfé [&rﬁbﬁﬁé Al §Can upper out | et
in comunication with >€%élea>a>%ﬁndrfhbw Hasd “é‘&ljb“f‘é? Hs Eééha’r‘é‘k ng | ubri cant
into the clearance beénndengtokEeshaft assenbly and the upper hearing; an
i ntermedi at e outl et 4. dhesmiumimopbssembly ttertepaxicalim ¥, mdwrgpassage f or
di schar gi ng | ubri castporRbOUidhe k)l éaraaces Jhetoreianhd: hegsRafhdassenbly and the
internedi ate bear ®gahhoblothRssRendan uwt‘eﬁmdﬁﬁhe]b@ém)@t@ conprising at

| east three ports gL vﬁ@%@uﬁ%@?&ﬂ%kﬁ!ﬂ YisSy et ri cal I y around the shaft
assenbl y; an annul arg. FeLUrn shal I assenbl y

and | eading fromthe’ beari c}f“tng"t St:ml%rgl w?ctwr(%fwﬁk Ch r‘r erétfnffuser passages;

the nnpel?e and diffusers have a combine apac1ty to
produce at least 30 psi of pressure in the lubricant,

6. The well pump assembly according to claim 1, wherein:

a chamber is located in a lower portion of the housing, the
chamber containing lubricant and being fixed in volume:
and

the second impeller discharges into the chamber.

7. A well pump assembly, comprising:

an electrical motor having a housing. a stationary stator
with a central passage mounted in the housing. and a
rotor shaft assembly extending through the central pas-
sage for rotation relative to the stator, the housing being
filled with a lubricant:

an intermediate bearing encircling the shaft in the central
passage of the stator and having an outer periphery m
stationary engagement with an inner wall of the stator:

an upper bearing ult,lr(,llllg the shatt above the stator and
being mounted non rotatably to the housing;

the shaft assembly being separated from an imner diameter
of the intermediate bearing and an inner diameter of the
upper bearing by an annular clearance;

a chamber located 1n a lower portion of the housing and
containing a portion of the lubricant,

a first dilfuser having a plurality of [irst dilluser passages
having inlets and outlets, the outlets of the first diffuser
passages being radially inward {rom the inlets:

an axial flow passage in the shaft assembly and having an
mnlet in fluid communication with the chamber;



a first inpeller mounted to the shaft assenbly for rotation therewth and
having a central intake that is in conunu- nication with the outlets of the
first diffuser passages for receiving lubricant fromthe first diffuser,
the first inmpel- ler having a plurality of first inpeller passages with
outlets radially outward fromthe central intake for dis- charging

| ubricant; a second diffuser having a plurality of second diffuser passages
having inlets in communication with the out- lets of the first inpeller

passages for r ecéﬁiL ?{g}‘? ouHBf iy Qi‘ﬂ“ﬁi@ﬁ“&g@@"{lés5"8?‘?%9@95‘(” ffuser passages
or

extending radi- al] ward and. havi oytl a second inpeller nounted to
the shaft assenbly* uﬂ)rr t‘fzf—csﬁriFS}F tltl]lg?'é llL{t Nﬁgn&]].eha@?‘%mé central intake that
is in communicatiShVEFt ,“’ft‘“Héldlt“_ftﬂ“gw“B Ua UPIEE OEHA &I £ f user passages for
recei vi ng | ubri cihiMEHRGBIE AN he coBuBRcatiGhBitlefctiding a plurality of
second i npel | er pd¥wapassagedior Hisehargeesubachm ity toutlewanatef rom t he centr al

i ntake of the sedmmsedmihelsheft;assdihblyfaridndelinberhediate Heai-ng punped by the
first and second i'hg-pel I ers and the first and second di ffu_sers flowing into
the axial f]ow pashagent Rphlicathahdrmddia. bhiiet Anghesggond impel lers and
first and second qEI{I lfﬁt%g ar seallrﬁg]g[%st%g)%&lﬂlimhogqﬁl 1 ﬁta—&l’l‘ clent pressure to

n I I I N e clearanc ar

i nduce a lubrica It did prdm g nth e es,; 0 3ry punp exterior of
the motor and conrfSR¥EHTES P HES YT assenbly for punpi.ng wel | fluid; and a
seal section betWedAIPRE BB 1% PAKR D SHIBOHEHIG B i 981 the | ubricant in
the notor from t hetsi@nblyppdieadinpgran thykeapep o hgnpekséBwbl y according to
claim7, wherein: fistdfghafpassepsenbl y conpri ses a bushing nmounted to the
shalt for rotati#first hapelfdrthowtred hethenheltmegingdls fbeatdieg; Wwherein the
outlet at the inteansedift:@diedidoOcGOM intake that is in commu-

nication with the outlets of the first diffuser passages for

receiving lubricant from the first diffuscr, the first impel-
ler having a plurality of first impeller passages with
outlets radially outward from the central intake for dis-
charging lubricant;

a second diffuser having a plurality of second diffuser
passages having inlets in communication with the out-
lets of the first impeller passages for receiving lubricant
therefrom, the second diffuscr passages extending radi-
ally inward and having outlets;

a second impeller mounted to the shaft assembly for rota-
tion therewith and having a central intake that is in
conununication with the outlets of the second diffuser
passages [or receiving lubricant therelrom, the second
impeller having a plurality of second impeller passages
with outlets radially outward from the central intake of
the second impeller;

all of the lubricant being pumped by the first and second
impellers and the first and second diffusers flowing into
the axial flow passage in the shaft;

the first and sccond impcellers and first and second diftusers
being sized to produce sufficient pressure to induce a
lubricant fluid film in the clearances;

a rolary pump exterior of the motor and connected to the
shaft assembly tor pumping well fluid; and

a seal section between the motor and the pump for sealing
the lubricant in the motor from the well fluid.

10



prises: an annul ar groove fornmed in an inter dianeter of the bush- ing; a
communi cati on passage extending fromthe axial flow passage to the annular
groove; and wherein the ports of the outlet at the internedi ate bearings
extend through a sidewall of the bushing at the annular groove. 9. The well
punp assenbly according to claim 7, wherein the upper hearing conprises: an
outer sleeve nounted stationarily in the housing, the clearance being

| ocat ed between an outer dianeter por- tion of the shall assenbly and the

sl eeve; and wher egrTlidwePpptmp 0fdnfisly autdrdingftorcldime7 wapesinhear i ngs ext end
fromthe axial fl oW nagssagEmbAdEahb¥sds Bugling heashad to massenbl y to the
outer diameter of tﬁﬁnsﬂa?b’%mﬁc??ﬁ{@ &‘nﬂpﬂdgt%n‘{i@éhe%%l ssenbly accor di ng

to cl 7, whe d diff h
com  bi ned chpaci ty Ryt s Sat His PR, o oers have

assenbly of claim 7P“Wher ein: the chanber has a fixed volune. 12. A nethod
of operating a submeisilissowe forpadp aciomer penstag! thertowhdi ng an el ectri cal
not or havi ng a housingg containing a stator, a rotor shalt extending through

the stator, and ag cphih@litdobOpassach a:ku,ﬁdm@qmmhﬁ@qumslowm rcling the

shaft; mounti ng fi rﬁks%qoqggqmqllq,e(ﬂ{,mé u\ghal Iubr| cant punp stages in the
housi ng, each of npel | er attached to

the shaft for rot éthf“bblllﬁjjﬁ Hé’?l \}ﬁl em?lH tt | tllllc )L" 13%r ovi di ng the shaft
with an axial flow PAsshBeoughs 8 “Y‘)ﬂ V& t“" }#gala{l“ ‘B‘é%lf“ three ports
arranged general |y 3yRtetri -

9. The well pump assembly according to claim 7, wherein
the upper bearing compriscs:
an outer sleeve mounted stationarily in the housing, the
clearance being located between an outer diameter por-
tion of the shalt assembly and the sleeve; and

wherein the ports of the outlet for the upper bearings extend
from the axial flow passage radially through the shaft
assembly to the outer diameter of the shaft assembly.

10. The well pump assembly according to claim . 7.

wherein:

the [irst and second lmpdkrs and dilTusers havc a com-
bined capacity to pressurize the lubricant (0 at least 30
psi.

11. The assembly of claim 7. wherein:

the chamber has a fixed volume.

12. A method of operating a submersible well pump, com-
prising;

providing an electrical motor huving a housing containing
a stator, a rotor shaft extending through the staror, and a
plurality of radial support bearings encircling the shaft;

mounting first and second centrifugal lubricant pump
stages in the housing, each of the lubricant pump stages
having an impeller attached to the shaft for rotation
therewith and a mating diffuser;

providing the shall with an axial flow passage and an outlet
having at least three ports arranged generally symmetri-
cally around the shaft;

filling the housing with lubricant, connecting the motor to
a rotary pump, and installing the motor and the rotary
pump m a well, and sealing the lubricant in the motor
from the well fluid in the well:

11




cally around the shaft; filling the housing with |ubricant, connecting the
notor to a rotary punp, and installing the notor and the rotary punp in a
wel |, and sealing the lubricant in the notor fromthe well fluid in the
wel | : 11 supplying power to the notor to cause the shaft and the inpellers
torotate to punp all of the lubricant flow ng through the |ubricant punp
stages into the axial flow passage of the shaft, and causing the rotary
punp to rotate to punp well fluid; and with the |ubricant punp stages,
applying pressure to the lubricant and discharging the lubricant fromthe
axial  flow passageppiyingugiwdrhie thonesoato empeebsuiat sod fhci ent to induce a
filmof lubricant beiyger foherheas pagpandot e luisdaht foddy The nmethod of
claim12 wherein th@umo@ﬁﬁl@rlﬁbﬁz‘:mﬁ mp YRIGESAND the daﬁu ipast 30 pounds per
square inch. 14. T;g]s@a‘i 0 Y IR s MRERE P BuBLER, of mount [ ng - at

| east one centrifug C Pﬂ“ f usi'ng conpri ses
nmounti ng a pl urallt e ?hgl 119?1’6 t gég vmthln the housing. 12

the lubricant pump stages, applying pressure to the
lubncant and d]bdlcnrglno the lubnczull from the axial
flow passage through the ports at a pressure sullicient to
inducc a film of lubricant between the bearing and the
shafl.

13. The method of claim 12 wherein the pressure of the
lubricant 1s at least 30 pounds per square inch.

14. The method of claim 12, wherein the step of mounting,
at least one centrifugal lubricant pump stage in the housing
comprises mounting a plurality of the pump stages within the
housing.
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