.18 ‘OUT 2005 BACKGROUND OF THE I NVENTION 1. Field of the Invention This

I nvention relates generally to electric, submersible punp assenblies and
relates particularly to a punp assenbly having an |nterq?g @ |cant punp
whi ch pressurizes the lubricant to stabilize bearings for h not or shaft.
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 w t hBACKGROWSPOF THREINMENTIONot or s have a
rotatable rotor that' is contained within a stationary stator. The rotors
for the subnersible punps are usually disposed in substantially verti cal

position by pidtae-ofchbethvhacepent in well bores, which typically are
vertical shafts. Therefore, during operation, the rotor shaft of the notor

is oriented in the vertical position. The bearings which surround the rotor
shaft are off.en of th g? f|UI % qsﬂgin
require a si lsl%ﬁu?q (fﬂéﬁﬁﬁgegpgﬁﬁﬁFaééﬁa g?%%?f?ty egéﬁhn
shaft assemblies and relates particularly to a pump assembly having an
internal lubricant pump which pressurizes the lubricant to

stabilize bearings for the moteor shaft.
2. Description of the Prior Art

A conventional, electric, submersible pump (ESP) assembly
includes an electric motor and a pump that is used to pump o0il 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 wusually disposed in
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
locad 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 lubricant film, resulting in



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
beari ngs, which results in excessive notor vibration. Excessive vibration
in the bearings can cause the bearing sleeves to bredkd 80F giggh t he
lubricant film resulting in -1 18 OCT 2005 netal -to-netal contact that can
lead to prenature wear and notor failure. A typical notor contains an

internal, q%%%;%p;&‘&%%%hé‘haacthﬁﬁu'lﬁta‘as d ”gj’féh?afﬁu{ Wed ¢ %ﬁ?r}{ﬁ%r

t hr ough a rough pass&ages 1n

Iubrlcakajhﬁﬁgjngs surroundi ng the shaft. The lubricant may al so circul ate
through a heat exchanger and through a particle filter and/or a hygroscopic
material to renove heat and contam nants fromthe |ubricant. The

C|rculat|on}pf%gﬁ'Aiﬂwégégn §t£gg%mg$yl%Péfggzefé*pgcagggﬁog?Etemrtﬁ gart

patents show o nor e |npe lers ated 1n the TTow pat e I npe Iers

bei ng atitranhietd=0 andriotati nQrowmt b thesdwobdiom shafrtoughheacibiadiileat | motdees

not pressurlze the lubricant sufficiently for stabilization of the

bearin t, and through passages in the shaft to lubrlcate bearings
surrounding the shaft. The 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. The
circulation of the lubricant is normally by convection, although
prior art patents show one or more impellers located in the flow
path, the impellers being attached to and rotating with the hollow
shafc. The circulation does not pressurize the lubricant

sufficiently for stabilization of the bearings.

Where lateral loading of a component is too low for fluid f£ilm
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 lcoading. While some pressure is developed in an ESP motor
designed for lubricant circulation, it is much too low to achieve

stabilization of the bearing through fluid film stabilization.

2.



where | ateral |oading of a conponent 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-conponent
interface at a pressure sufficient to maintain a fil mfﬁtﬂﬁgﬁét he conponent
and the bearing even when there is mninmal |oading. Wile B pressure is
devel oped in an ESP notor designed for lubricant circulation, it is nuch

too low to achieve stabili } f } ough fluid film
stabilization. -2 1 8 OCT ?@%@Wiﬁ%l ON A nmet hod and devi ce
are provided for stabilizing shaft bearings in a subnersible oil-and-
gas-wel | punp assenbly by increasi n%gi[s)r,hae | ubricant pressure to achieve

fluid-film <t ewsthodAadidemice arreproxisisd b ng sfeadt beapipgdin hawimeysiklaw|-pedy
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pr essuiiseimdly iddudes i moestthavidpea hoéw kbt apdrivldsasomdmagicadiy tHESHalessl the
attached to a |l ower end of the shaft within the nmotor and rotating with the

shaf t , besrengspthelapsembly alspgonpiiega volmae! lupaeansathlubricaoumpisiirewded fox
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of the inpeller.
lubrxrxlc):ant. A diffuser is located upstream of and adjacent each impeller for slowing the incoming
lubricant. The impellers increase the radial velocity of the lubricant, and this velocity is converted

into a pressure head at the exit of the impelier.

The lubricant flows through the first diffuser and into the inlet of the first impeller. The
lubricant then flows through the second diffuser and second impeller and flows out of the outlet of
the second impeller into a reservoir. The first stage pressurizes the lubricant to a pressure level, and
the second stage pressurizes the lubncant to a second, higher pressure level. The pressure in the
reservolr causes the lubricant to flow through the hollow shaft and through passages to the bearings.

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.



The. I ubricant 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 g 0pRIpEr 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

the holl ow shaft and t i The lubricant is
pressurized to a pr ess%@ﬁ%?%@g?@g@ﬁﬁg%%ﬁ% | ubri cant between
the shaft and the bearings, the filmpreventing the shaft from contacting
the bearings, thus stabilizing the bearings. -3 1 8 OCT 2005 BRI EF
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however, 'as well as a preéeférred hode of us€, turther objects and ~advantages
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description of an _illustrative enbodi ment when read in conjunction with the
acconmpdhyirsiyy camahadigent wirareatin qonpigedon with the acsempynang dravings Ndsegin:cal | y
illustrating a subnersible punp assenbly constructed in accordance with
this invention and installed in a well. Figure 2 is a sectional view

i [lustratingigurk Wy a seatdrah vidhw sétemmitdiy difusaasub aegubidersbleuppmp assertdy y

constructed in accordance with this inventi?n._-4
constructed in accordance with this invention and nstalled 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.



180Q0CT2005 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referri ng to FIG 1, a
downhol e, electric, subnersible punp (ESP) assenbly 1 | ? shown tinstalled
in a well 13. ESP assenbly 11 conprises a punp 15, a 588CTdWE¢ i on 17, and a
notor 19. Punp 15 is used to punp well fluids fromwithin 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. Alternati Yoy AR~ [ Lyve-cavity punp
havi ng an el astoneri @t@ﬁ‘o‘?‘) as%&ﬁé@N?gﬁiﬁﬁgWg s within the
stator. Mdtor 19 is connected to a source of electricity by a cable or

ot her neans (not Shoﬂ(} for powering notor 19. The shaft of notor 19 is
coupl ed to Re&rtisg Wi Fi6.n. sdavnbelet ¢leairig, submdrsphlerpump (ESP) a%snsﬂbérltcsrsqgwnfrom

t t t t ha
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surrounds conponents ‘'w thin notor 19 and protects conponents from contact
Wi t h wetrtrifigal phsmp Nztat/mg @hlafaht)z@f stagcsy lehehdsthgraharang] aexmeﬁlder afndomitfﬁ@emﬁlper
portion of .notor on of (not wn)
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of shaft 23 for providing lubricant to a set of bearings 27. Bearings 27
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| ocat ed.. at f {23 fer 1101 €529, th h
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25 t0 1910 pump 15. Motor 19 creates a torque on the shafts to cause the shaﬁs 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 tllustrated 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.



flow into the area between bearings 27 and shaft 23. There are preferably
three holes 29 to bal ance the pressure around shaft 23. Bearings 27 are
schematically illustrated to be cylindrical journal $gd)(irigl but bearings
27 could be other types such as, for exanple, tri-|lobe bearings. An
internal, multi-stage, centrifugal |ubricant punp has an upper stage 31 and
a |lower stage 33, each stage having an inpeller 35, 37 and a diffuser 39,
41. Upper stage 31 increases the pressure of the lubricant to a first

| evel, and | ower stage 33 increases the pressure to a second |evel. The

| ubri cant @aeh irpell@csd, 63V vorhprises awb aivenlap platdso4B efackeriusdrtigalBl afiddhaving a
pressur|2|ng and circulating |ubricant. Alternatlvely the lubricant punp
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types, instead providing more velocity. A lubricant reservoir 45 is located below impeller 37.

Diffusers 39, 41 are mounted to the mner sﬁrface 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
intet of one of impellers 35, 37. Diffusers 39, 4] serve to slow the lubricant before it enters each

tmpelier 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 a2 volume of lubricant, and ESP assembly 11
(FIG. 1) 1s assembled and inserted into well 13 (FIG. 1). Once the electrical connection to motor
19 15 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 Jubricant 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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types, instead providing nore velocity. A lubricant reservoir 45 is |ocated
bel.ow i npeller 37. Diffusers 39, 41 are nounted to the inner surface of
not or housing 21 and are stationary relative to impellers 35, 37. Diffuser
39 is located above inpeller 35, and diffuser 41 i%ﬁﬁﬁgém@d bet ween
inpellers 35, 37. Each diffuser 39, 41 has a plurality of passages 47, 49
that |l ead downward and inward froma periphery to a central outlet. Each
central outlet registers with the inlet of one of inpellers 35, 37.

D ffusers .41 serve to slow the.| icant before it _enters eac impel | er
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| ubricant, and ESP assenbly 11 (FIG 1) is assenbled and inserted into well
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into reservoir 45 with a higher pressure than at the exit of the first
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. presslté £ 08 PRSI B PR O PESPY BRI BR AR AP &Y hgs 27 and shaft 23 and
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.



to forma filmin the interface, thus stabilizing bearings 27. The pressure
must be mai ntai ned 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 pressq;mgpggpearing systemis
that netal -to-metal contact of shaft 23 and bearings 27 is limted or
elimnated. This reduces the frequency of required repl acenent of bearings
27 and provides for a | onger run-tkgf:@@$meen failures. The present

i nvention provides for a sinple, 4 e, and i nexpensive nethod of
pressurization and stabilization. Wiile the invention is shown in only one
of its forns, 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 from
the scope & elhific kibwidible ?ump AsséBbIETr 2PAH tHelAddMBIlconfiisBlgect ri C
subnersi bl e punp assenbly tfor a well, the assenbly conprising: an electrical
not or having a shaft and a bearing | ocated within a housing, the housing

havi ng a aCH@mRaI mbidr @sa\l’igg\@rshﬁpﬁﬂdi Dbbarih§ &ched Siitheh ARchsHBAME @budel REmid | ed
with lTubricant and sealed from the exterior entry of well fluid into the

housi ng; @ahb&h ngfera&a,t #k Rodshg a%ﬁ@flatmﬂegﬁg}@glléd’ m;]el bR AR AP &hIel Fomhe

bearing; a plurality of punp stages |ocated in the chanber of the housing,

each of t ayk J |l er attached to and rotating with
ERUER RHATRR AR i@ Rotdhe

the shaft aﬁg a matl ng ser for préssurizing
a flow passage within the shaft leading from the chamber to the bearing;

a plurality of pump stages located in the chamber of the housing, each of the pump stages
having an impeller attached to and rotating with the shaft and a mating diffuser for pressurizing
the lubricant;

the pump stages having a combined capacity to produce a pressure sufficient to induce a film of
Iubricant between the bearing and the shaft; and

a pump exterior of the motor and operatively connected to the shaft for pumping well fluid.
2. The assembly of claim 1, wherein:

the combined capacity of the pump stages is at least 30 psi.

3. The assembly of claim 1, wherein:

the pump stages discharge downward into a lubricant reservoir of fixed volume within the

chamber.



the lubricant; the punp stages having a conbined capacity to produce a
pressure sufficient to induce a filmof |lubricant between the bearing and
the shaft; and a punp exterior of the notor and operatively conﬂﬁfaﬁﬁ to the
shaft for punping well fluid. 2. The assenbly of claim1, whek@Fh! e

conbi ned capacity of the punp stages is at least 30 psi. 3. The assenbly of
claim1, wherein: the punp stages discharge downward into a | ubricant
reservoir of fixed volume within the chanber. -8 180CT2005 4. The assenbly
of claim1, wherein: each of the diffusers has a plurality of passages that
extend downstream and inward to a central intake of one of the inpellers;

and ong 9fe {sbentIBELLRT B vieghar ges | ubricant into the chamber in the
housi ng wi t hout Tl ow ng through the passages of any of the diffusers. 5. The

assenbly of claim11, wherein: the inpeller of each of the punp stages has

subst agfch ak n¢ @dkAlnal h QWA S2PRSages fot AdRIDAsPlanPBRI Blvhtod R i a
wel |, conmprising: providing an electric notor having a shaft and a bearing

| ocat e, W bR o uRHBLMGS; and

one of the impellers discharges lubricant into the chamber in the housing without flowing

through the passages of any of the diffusers.

5. The assembly of claim 1, wherein:
the impeller of each of the pump stages has substantially radial flow passages.
6. A method of operating a pump in a well, comprising:
providing an electric motor having a shaft and a bearing located within a housing; |

mounting at least one pump stage in the housing, the pump stage having an impeller

attached to the shaft and a mating diffuser for pressurizing the lubricant;

filling the housing of the motor with a lubricant and sealing the lubricant within the

maotor;

mounting a pump to the motor and lowenng the pump and motor into the well;



nounting at | east one punp stage in the housing, the punp stage having an
inpeller attached to the shaft and a mating diffuser for pressurizing the

| ubricant; filling the housing of the nmotor with a lubricant and sealing the
| ubricant within the notor; nmounting a punp to the notor and Ioge@tjg b?e
punp and notor into the well; -9 180CT200 supplying power to th 20

thereby rotating the punp and punping well fluid fromthe well, the notor
al so rotating the inpeller in the punp stage, thereby appl ying pressure to

the |ubricant @@ﬂyﬁ; Bé!‘&zé}go Eﬂé%dt&ib{h'efe@{}‘}otELt%gttH@pd?ﬁ%d Yﬁt?x Wofn the

sufficient to induce a fil ['Ubricant béetween the t and e bearing
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7. The method of claim 6 wherein the pressure of the lubricant is at least 30 pounds per square

inch.

8. The method of claim 6, wherein the step of mounting at least one pump stage in the housing

comprises mounting a plurality of the pump stages within the housing.

9. The method of claim 6, wherein the step of mounting the pump to the motor comprises

mounting the pump above the motor.
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