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2. Description of the Prior Art A conventional, electric, subnersible punp
(ESP) assenbly includes an electric notor and a punp that is used to punp
oil or other fluids within a wellboré. The electric notors have a rotatable
rotor that is contained within a stationary stator. The rotors for the
subnersi bl e punps are usually disposed in substantially vertical position
by virtue of their placenent in wellbores, which typically are verti cal
shafts. Therefore) dur BACKGROUNDOFIHEE INVENEIOGNt of the notor is
oriented in the vertical position. The bearings which surround the rotor
shaft are often of the fluid filmvariety. However, fluid film bearings
require apsigg Leadntorpiaxlédgnoptinel dynamc stability. Since the rotor
shaft is rotating In a vertical position, there is little or no side |oad
being applied to the bearing during operation. This causes instability in
t he bearipngs, which results in excessiye potoy vibration. Excessive
Vi br at | OnERRE TRV Bt Tih e Lo 2 G506 TPALY bblr FHEF St U HISTSHELE PHIBUgh
the Lubehsantsf bhi regsukli R ritA cud ATOVE\O Gl GRIMD 95H9EmEDY t ndGL H§\ 829972
netal -to-netal contact that can |lead t0 premature wear and notor Tailure. A
typi taterpadr dvhrarastanpimPer whichubpreasinshzegst bhet hhubeicantat &¢
| ubrjc fr e volir, r a ow notor shaft, and through
pass%%%gi%ﬁzgﬂéggﬁéﬁgétgg%ugbgcgggggegggﬁgé surroundi ng the shaft. The
| ubricant may al so circul ate through a heat exchanger and through a
particle filter and/or _a hygroscopic material to renpve heat and
cont ani naReSC¥ B PReOF uBRPCBRECT TAE ci rcul ation of the lubricant is
normal Iy by convection, although prior art patents show one or nore
inpellers located in the flow path, the inpellers being attached to and
rotating Ai tdortventhaideadw shaéctrihe culmdratibde dpespnotES#)essasewblyhe
Iubricaft sufficignth¥.for gtabilization oéhtFe.beariagE. Wer e L?tera
| oadtRG B1E BBnpoRBhE *Fs™PbBT1 8l f 8r PP BRFFI P sEEBFI F2aPEBR 8t Bfir nal
bearbfigsr PFESEEE I ZaldI0m Ofa t heihvbiecanthanyeha-tusasd. mdrdd | BakeOngoccurs
when a lubricant is fed into a bearing-conponent interface at a pressure
suf frefafrble HatoX attpt ¥5 |gRHaRash witdigompSiastoradyt Eakesri ngheven
when [ i nicpal | Walome i S ' ev I N ESP
I A G R T TRt S W
st abstbgaénohadlyt ertearilngddirttigh By uvidrtuemost aflidiiz gl avement in
- 3ALF 9010RF\ 045095 Fort. \Worth\ 229972 S RY THE .| NVENTI ON A
et BT SR TRy WGP - YA ted 3% V&%q%i%ﬂ%ﬁm tq%t’%ﬁﬁifﬁ&? i fUgng
subngpsidt £or9) | crah danorvirla FRUGE aasenbtyr bys i seT@asddd i hdd whkigant
pressure to achieve fluid-filmstabilization. The assenbly includes a notor
havi P@SHE ROt ow shaft and hol es communi cating the shaft and the beari ngs,
the assenbly al so containing a volume of |ubricant. A |ubricant punp is
provi ded for pressurizing the lubricant. The |ubricant punp has a set of
i npel | er sTh¢theheiings whiohesuendunfl the sbabtr shahtnatrbeofivenr ofinthe

rotatjn ith the shaft, e i mellers, bei, |.ocated in the, fl ow path of
he HibPa ks In' REaR0RL . GRS d e L i (r @St ® cAcRE PRl | er
for séou P8 phevineosphgmhubaisantc dbepimpel | ersihper enserbherr aghat

velocity of the [ubricant, and this velocity is converted into a pressure
headlatFeFaRt 9 timvfa (Marblesd| pepition, 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 lubricant film, resulting in
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*The 'lubricant flows through the first diffuser and into the inlet of the
first inpeller. The lubricant then flows ‘through the second diffuser and
second inpeller and flows out of the outlet of the second inpeller into a
reservoir. The first stage pressurizes the lubricant to a pressure |evel,
and the second stage pressurizes the lubricant to a second, higher pressure
| evel . The pressure in the reservoir causes the lubricant to flow through
t he hethdwtehamttadndoniaaugithads sagesl dadl tthe peematngse Weer| abdi catnbri s
pressurized to a pressure sufficient to induce a filmof |ubricant between
the $R4FPT8Snd the bearings, the film preventing the shaft from contacting
the bearings, thus stabilizing the bearings. -4ALFOVB\ 9010RF\ 045095 Fort
Wor t h\ 229972 BRI EF DESCRI PTI ON OF THE DRAW NGS The novel features
bel i eved Rotypichar meteri sencasghst pp invennpdnlubsisetipor slysitem khat
appen I . nventid itsel er, a f node
of u$e %g]fl ??h lb e%:‘lfa{sh%ngkggvant gaégg?ﬁghofuﬁ%@ best%cgleﬂlgj"gdglr éggod by
ref espage, t@ddutﬁﬁbugmnpgsdagasladadﬂﬁsrsnhfanuﬁ Ribritasér dereéngs
enbodi nent when read jn conjunction with the acconpanyi ng draw ngs

wher 8PEYORNgLRg thesshafkct | Brral LUk ehpadth &t isddq fhnqlﬂ@ttreatt.hrx@uah a

S”b”HF§£bEﬁcHHHaeﬁséﬁgbkﬁrSB tBugg§g1bﬂea%F?E9§”8ﬁF?b&h tﬁpﬁrbg%ﬁgEbon and

i nsta Ina gure sectional "view I strat
sectmanenﬁaﬂhEOHmbmbvefhaaSubnﬂrsobtempuaptasfeahlyheomabmuchad i NThe
accordance w,th this |nve ti.on. -5ALFCNB\90 035\045095 Fort Wort \22%972
ETAPL BB DREERTPPRO TG LHAZ KA Do LA L convection, "althoug

prior art patents show one or more impellers located in the flow
path, the impellers being attached to and rotating with the hollow
shaft. The circulation does not pressurize the lubricant

sufficiently for stabilization of the bearings.

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 when a lubricant is fed into a
bearing-component interface at a pressure sufficient to maintain a
film between the component and the bearing even when there is
minimal loading. While some pressure is developed in an ESP motor
designed for lubricant circulation, it is much too low to achieve

gtabilization of the bearing through fluid film stabilization.
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- Referring to FIG 1, a downhole, electric, subnersible punp (ESP) assenbly
11 is shown installed in a well 13. ESP assenbly 11 conprises a punp 15, a
seal section 17, and a notor 19. Punp 15 is used to punp well fluids from
within the well to the surface. Punp 15 may be a centrifugal punp having a
plurality of stages, each stage having an inpeller and a diffuser for
inparting an upward force to the fluid. Alternatively, punp 15 may be a
progressive-cavity punp SGMMARMOF BHEANVENTHONt or and a netal rotor that
rotates within the stator. Mdtor 19 is connected to a source of electricity
by a cable or other neans (not shown) for powering notor 19. The shaft of
notor 19 | - Wit : {On. ; D

transfer %2?%§§P%§g#$ﬁ§§£§5%§u#%fgtﬁ%ﬁ?%bgE@?&P&ﬁg&%ng%ggﬁ%ﬁP%ﬁatéu%n t he
shaf gas-well masass¢rhigy dlpafidreasing tholibrti@nt gresutecto achipauidfibmdtabilizatpon TheS.

FIG 2 is a sectional view of the lqower portion of nptor 19. tor, 19 has a
hous#SRgMblY RAbEes %l!i‘i’?t%hﬂé“&6&1?&1Hé’n§}§§‘vﬁlldhhﬂe%?lﬂmuwa‘é‘?ﬁj ther ﬁl\t‘{g‘ci‘%‘i the

co k-0 wel ' Npt.or b.S; A kgal and
ot oAAETES (he BREAEALS oo ol of by AEpichnCHhok IR HOR AT

19. pessotizing (hedibs¢aptnThé mbricann pedp has séeadf indRllewrattadtedto atowdrtehd of the

statiopary.stator (nat shown Shaf 3. cont ai,.ns coaxial lubrica

oo <SG ot et A0 PBHSE Wb g e e e GO Bt Beheeh b cant
to aypftar®l ADBALLRGIS10é4ted BRAFdaROST 284 2@RIEMR cadl inpelief tedlsl iRy BRAREoHME 0T
shaft 23 within the stator and are |ocated at various |ocatlons along the
| englubriednt.shhg impedlershintrease 2ige tafiabyrjecityrad thealubriedntsind fthis sglogitisedpeesedt t o
beaniﬁgs 27 geégit IqPrL§§Eﬁ$ir14@Q§sage 25 to flow into the area between
bear PHEAPSFER, Acadl e Gt olihe pelleh ™ Mot erably three hol es 29 to bal ance
the pressure around shaft 23. Bearings 27 are schematically illustrated to
be cylindrical journal bearings, but bearings 27 could be other types such

as, for eXamvbrcantflawsgheoughahq gt diffnser anddpiodthe indet ofi the fisg dmpeliast Theugal
| ubrii t 3
vt 3G BT NA o B Sec Ao bt aRihelyd MNOh A ow o BRER BHERE

t he the esoud ﬁnpélle’r figo & ed3edvoaNThe ﬁrsgstfiger }ﬁr:sshﬁ'ﬁmltklxe lgbﬂcdnowar plﬁisa@e\l?e'i, and g
i ncreases the pressure to a secon evel .. . The | ubri can np is locate
wh ¢ R SEPOAEEL BERETES G1° WBTGTRE S15PB: HIBHS LeoPiRe 5y kn g 1E PrEEEiTacl 5

| UD e iiy ctstARR RIbkiY Yo AbRFUET e Aow Wil £RMNAGLA PLRIRL 1L BLindl) UPPer
portion of housing 21. -6ALFOVB\9010RF\ 045095 Fort t h\"22997 Each

i npeMhelutdBant37 pressupized tosa pressucd suffidient tpimsiuesa fibn of lubkieaht\betwedeo sltd shafind
havi n | ural i f vanes. 45 attached to and hetween pl.ates.43. Vanes 45
ot 1178 BaPeitifts. i Bin Vg dab aRRGR caSiadfine IR et s Shaiing ch e

to adrihgdate with shaft 23 to draw lubricant into a central portion of

i npel l er 35, 37 and increase the velocity of the lubricant at a discharge
at a periphery. In this enbodinent, inpellers 35 37 are oriented to

di scharge | ubricant downward, however they could be oriented to discharge
upward. I npellers 35, 37 are preferably straight-vane inpellers which,
while less efficient, would all ow bidirectional operation of the punp.

I npel lers 35, 37 are shown to be a radial-flow type which directs the flow
fromthe passages between the vanes radially outward. M xed-flow inpellers,
which direct flow axially as well as radially, may al so be enpl oyed in sone
cases. However, m xed-flow stages do not provide as nmuch pressure increase
as radial-flow types, instead providing nore velocity. A |ubricant
reservoir 45 is |located below inpeller 37. Diffusers 39, 41 are nounted to
the inner surface of notor housing 21 and are stationary relative to
inmpellers 35, 37. Diffuser 39 is | ocated above inpeller 35, and diffuser 41
is |located between inpellers 35, 37. Each diffuser 39, 41 has a plurality
of passages 47, 49 that |ead downward and inward from a periphery to a
central outlet. Each central outlet registers with the inlet of one of
inmpellers 35, 37. Diffusers 39, 41 serve to slow the lubricant before it
enters each inpeller 35, 37, increasing the pressure head of the | ubricant
at the exit of each inpeller 35, 37. In operation, housing 21 is
vacuumfilled with a volune of lubritant, and ESP assenbly 11 (FIG 1) is
asseifl" B b ii¥erted into well 13 (FIG 1 ). Once the electrical
connection to notor 19 is made, the system can be started. As notor shaft
23 starts to rotate, upper inpeller 35 draws |ubricant from above upper
diffuser 39 and draws it through upper diffuser 39 creating a pressure head
at the central outlet of diffuser 39. Upper inpeller 35 increases the
velocity of the lubricant as it directs the lubricant outward to the intake
of |ower diffuser 41. Lower diffuser 41 directs the flowradially inward



- While the invention is shown in only one of its fornms, 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
invention. _g_ ALFOVB\ 9010RF\ 045095 Fort worth\ 229972 CLAIMS 1. In an
el ectric notor having a shaft, a bearing |located within a housing adapted
to be filled wth lubricant, and passages conmuni cating the shaft and the
beari ng, the inprovegRIMEF PESTRETION &F TEHESDRAWINEGSt ri fugal | ubricant
punp stage located in the housing, the punp stage having an inpeller
attached to and rotating mﬁth the shaft and a mating diffuser for
pressuri zi | ubri.c d a flow. age |.eading. f.romthe | ub |cant
DU ot agihaoeb et Rt o1 45 B B CTBE B ensfli ey S WifiC aomriiise
| eas§lapite PHERIVELEGE tEdIf h@x@éve@ 05§p%1$ 8§ 2prefREON IndHeNdY e BRHIAVbIRBts %d
inpeller and a diffuser nmounted in the hou5|n% downstream of the first punp

st ag@vlantragqfsdh@rn@ﬁ will bess be vrdangjoadiey tefasence dmthe Tellowing daisied desasptiin oflagi m 1,

\(/:vlhglr ﬁ\fu%ratvd%er eloﬁ Hé@ﬁ}%%{ﬁ&% fg&g{“&{’é‘o‘g‘?‘ {%@%“P{{Af%g‘?g%g%ﬁe%lﬂs of

Figure 1 is a sectional view schematically illustrating a submersible pump assembly

constructed in accordance with this invention and installed in a well.

Figure 2 is a sectional view illustrating a lower section of the motor of a submersible pump

assembly constructed in accordance with this invention.
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.the -punp stage is oriented for discharging lubricant in an opposite
direction fromthe bearings. 5. The apparatus of claim1l, wherein: the

i npel l er of the punp stage has substantially radial flow passages. 6. The
apparatus of claim1l1l, wherein: a chanber is located in a | ower portion of
t he housing for containing a volunme of |ubricant; the shaft is hollow and
has a passage within for conmmunicating fluid fromthe chanber to the

bearings; and the PETAIBEIOPESCRIPITOBSOHOFHRANVENTION €l ectric
subrersi bl e punp assenbly for a well, the assenbly conprising: an

el ectrical notor having a shaft) a bearing |ocated within a housing adapted

be fil 1 t.h bri d g ' ' h f dth
bearing:  SCERMa QT Lut B onetE Y eBRR RS T PR T e P e A 83 kBB ni ng
a VoinsiaBe®in 4 W 18 AWSP asddBli OVBbAPH SRR SdH 95, Rkl se¥rt MY, 22489 4dotor 89.F | ow

passage wthin the shaft |eading fromthe chanber to the bearing; first and
secoRympeh isiysed 40 pruprvdbfpidp dipm stithiyethe welb ko herpyrisecagBumpdatsay baat he

housj . ' g d. ' 1 shaf t
ha AR SRAT AL WAL RS OAS, Ah AL RCRURL L, Winllel R, 202

i N tingpaktirigsdn ypwapd Sérag® the Adkl. tAteriivelypphthpl 5 nfayttea frogressivd-aagéty phing

i nmpel ler of the first stage |leads to the diffuser of the second stage, the
di f f RAYERE B elRRMETECHAAr %rt%g@ewaé%%r thef retates withen the stafar. Mptosktigsannsckde, and

the (P&ht&Rorechts LM WRARS (o slid¥n) TSR %kgl R19UTR terior
of t‘li?e nmot or0 aneg rcor}l/n ct eg t 5 t é shaﬁ ?%r pt}rrpi ng wer Pwl%l) .%ﬁe
ass eoftrhytonl 9 id coupled,to whedisevithin seal section 17 and pump 15 to transfer torque from motor

19 to pump 15. Motor 19 creates a torque on the shafts to cause the shafts to rotate, providing power

to drive pump 15.

FIG. 2 is a sectional view of the lower portion of motor 19. Motor 19 has a housing 21
which surrounds components within motor 19 and protects components from contact with well
fluids. Motor shaft 23 is cylindrical and extends from the upper portion of motor 19 to the lower
portion of motor 19. A rotor (not shown) is mounted to shaft 23 for rotation within a stationary
stator (not shown). Shaft 23 contains a coaxial lubricant passage 25 through at least a portion of
shaft 23 for providing lubricant to a set of bearings 27. Bearings 27 center and laterally support
motor shaft 23 within the stator and are located at various locations along the length of shaft 23.
Holes 29 through the wall of shaft 23 and adjacent to bearings 27 permit lubricant in passage 25 to
flow into the area between bearings 27 and shaft 23. There are preferably three holes 29 to balance
the pressure around shaft 23. Bearings 27 are schematically illustrated to be cylindrical journal

bearings, but bearings 27 could be other types such as, for example, tri-lobe bearings.

An internal, multi-stage, centrifugal lubricant pump has an upper stage 31 and a lower stage
33, each stage having an impeller 35, 37 and a diffuser 39, 41. Upper stage 31 increases the pressure
of the lubricant to a first level, and lower stage 33 increases the pressure to a second level. The
lubricant pump is located within a lower portion of housing 21 for pressurizing and circulating

lubricant. Alternatively, the lubricant pump can be located within an upper portion of housing 21.
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Fort Worth\229972



-the'inpellers of the punp stages have substantially radial flow passages.

9. The assenbly of claim7, wherein: the.punp stages di scharge downward and
are located in a |lower portion of thé housing. -11ALFOVH 9010RF\ 045095 Fort
Wor t h\ 229972 10. A nethod of stabilizing a bearing in a notor having a
hol | ow shaft and passages communi cating the shaft and the bearings, the
not or havi ng a housing containing a volune of lubricating fluid, the nethod
conprising: nounting at |east one |ubricant punp stage to the shaft within

t he housi ng, the punp stage having an inpeller and a diffuser; rotating the
shaf and Each nmvéheréﬁ 3'pcemprisasAvaccirchiar [plases éétStaﬁlged Vemaalw atl hmnwrrp

pet vauh TR e AR bt b ShE B bOPAERES, Prics 17 uSlng iRl et Ben ey,

cont plates 4g. tlrhpelteems ngsire ithidBedtoaldd kotaienetl élﬁftb.@atb Idregmubiha;amme ar&hﬂmd of
claim 10, wherein: the pressure in the hollow shaft is at |east 30 pounds

per pejtian of impailer 33 3 sdvetrgasedhevelasbodf the ﬂttbrwttqﬁ\aziz@bme at a periphery.
9 )
7 SRR R BB e BB SR b ey ca

fglU] % g}a]oelahtga]tc a]@hdrg]ahpﬁaﬂdi:ﬁa} %BI@EBG], Gja arf]: preferal])ly s]tralg]ht-ve]me 1mpellers] |
> XSNj ca) ca] cal.ca] ca] ca] ca] ca] ca] cal.ca] ca] cal cal cal.cal cal] cal ca
] ca] WAIcRa}VhHg lesy %flép@a vouidalioyy bi Eg]reﬁ]oeaf} QPETa0Y-O, hze pYIgH OPe ?Erf ‘Lams F5[ 5

555
g] Ca?ﬁ (G:ta]?)gé]récg?l ﬁ?\zgpggv%rﬁa] & C%Qi,&g% 53 ih%}L%%g%@g&g%%&%%&hﬁ%&al cajc
Do med»’fMW] 1rp6llets AyhisindicecZildw a;]uaki)} asa\]vclhiimiimhy c@)cads}odlm] alexica]l ca]
Ca] 05;1] C% }-lf)vxle‘ia Ca)Jeﬁ 6How tagel, Sg Lgt%]rg\% h prl:ssuI]e eaasg/ qa&s rca)déi Iﬂ%\(l\)/%

types, instead providing more velocity. A lubricant reservoir 45 is located below impeller 37.

Diffusers 39, 41 are mounted to the inner surface of motor housing 21 and are 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 47, 49 that lead
downward and inward from a periphery to a central outlet. Each central outlet registers with the
inlet of one of impellers 35, 37. Diffusers 39, 41 serve to slow the lubricant before it enters each

impeller 35, 37, increasing the pressure head of the lubricant at the exit of each impeller 35, 37.

In operation, housing 21 is vacuum-filled with a volume of lubricant, and ESP assembly 11
(FIG. 1) is assembled and inserted into well 13 (FIG. 1). Once the electrical connection to motor
19 is made, the system can be started. As motor shaft 23 starts to rotate, upper impeller 35 draws
lubricant from above upper diffuser 39 and draws it through upper diffuser 39 creating a pressure
head at the central outlet of diffuser 39. Upper impeller 35 increases the velocity of the lubricant
as it directs the lubricant outward to the intake of lower diffuser 41. Lower diffuser 41 directs the
flow radially inward and downward, increasing the pressure head. The lubricant has an increased
pressure head before entering lower impeller 37. The lubricant passes out of the exit of lower

impeller 37 and into reservoir 45 with a higher pressure than at the exit of the first impeller.
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The increase in pressure in reservoir 45 forces the lubricant to travel up passage 25 where
it enters holes 29. The pressure causes the lubricant to flow between bearings 27 and shaft 23 and
to form a film in the interface, thus stabilizing bearings 27. The pressure must be maintained above
a critical level to ensure the continued stability of bearings 27. Typically, the necessary pressure

ranges between 30 and 100 pounds per square inch.

The advantage of a pressurized bearing system is that metal-to-metal contact of shaft 23 and
bearings 27 is limited or eliminated. This reduces the frequency of required replacement of bearings
27 and provides for a longer run-time between failures. The present invention provides for a simple,

reliable, and inexpensive method of pressurization and stabilization.

While the invention is shown in only one 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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CLAIMS

1. In an electric motor having a shaft, a bearing located within
a housing adapted to be filled with lubricant, and passages
communicating the shaft and the bearing, the improvement

comprising:

at least one centrifugal lubricant pump stage located in the
housing, the pump stage having an impeller attached to and
rotating with the shaft and a mating diffuser for pressurizing

the lubricant; and

a flow passage leading from the lubricant pump stage to the

bearing.

2. The apparatus of claim 1, wherein:
the at least one pump stage further comprises a second pump
stage having an impeller and a diffuser mounted in the housing
downstream of the first pump stage for further pressurizing
the lubricant.

3. The apparatus of claim 1, wherein:

the diffuser is upstream of the impeller.

4. The apparatus of claim 1, wherein:
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the pump stage is oriented for discharging lubricant in an

opposite direction from the bearings.

5. The apparatus of claim 1, wherein:
the impeller of the pump stage has substantially radial flow
passages.

6. The apparatus of claim 1, wherein:

a chamber is located in a lower portion of the housing for

containing a volume of lubricant;

the shaft is hollow and has a passage within for communicating

fluid from the chamber to the bearings; and

the pump stage discharges downward.

7. An electric submersible pump assembly for a well, the assembly

comprising:

an electrical motor having a shaft, a bearing located within
a housing adapted to be filled with lubricant, and passages

communicating the shaft and the bearing;

a chamber located in a lower portion of the housing for

containing a volume of lubricant;
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first and second centrifugal lubricant pump stages, each pump

stage located in the housing and each having an impeller
attached to and rotating with the shaft and a mating diffuser

for pressurizing the lubricant; wherein

the diffuser in the first pump stage leads to the impeller in
the first stage, the impeller of the first stage leads to the
diffuser of the second stage, the diffuser of the second stage
leads to the impeller of thé second stage, and the impeller of

the second stage leads to the chamber; and
a pump exterior of the motor and connected to the shaft for
pumping well fluid.
8. The assembly of claim 7, wherein:
the impellers of the pump stages have substantially radial
flow passages.
9. The assembly of claim 7, wherein:

the pump stages discharge downward and are located in a lower

portion of the housing.
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fluid, the method comprising:

mounting at least one lubricant pump stage to the shaft within

the housing, the pump stage having an impeller and a diffuser;

rotating the shaf and the impeller, pressurizing the
lubricating fluid with the pump stage to a pressure sufficient
to induce a film of lubricating fluid between the shaft and
the bearings, the film preventing the shaft from contacting

the bearings, thus stabilizing the bearings.
11. The method of claim 10, wherein:

the pressure in the hollow shaft is at least 30 pounds per

square inch.
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