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(54) Title: SUBMERSI BLE MOTOR W TH SHAFT SEALS (57) Abstract: A subnersible
el ectric notor driven punp has a no- tor chanmber and a punp chanber

separ at ed WR1458%a] chanber. in- board and outboard shBETUSHAEEY MBI, MVS2)
imersed in an oil buffer fluid within the seal chanber restricts the flow

of liquid fromthe seaiypMBRSIBEE MOTORWEHBHAFBSEAI®t or chanbers. An
integral or externally nounted pre-pressurized buffer fluid reservoir (PA)
mai ntains a posi- tive fluid pressure in the seal chanber relative to the

external pressure at workhppcHepiND ORTHEMRVENEION a suitable buffer fluid
level within the seal chanber, in order to prevent the ingress of the

punped ne- dia through the outboard seal (M32). A unique inpeller design
(631) 5  TECHNICAL FIELD OF THE INVENTION

This invention relates to a submersible motor and seal section for a submersible
motor. More particularly, it relates to a submersible motor, its ability to operate in air or
submerged, and its maintainability. This invention particularly references combined

10  submersible motor and pump units, although certain features of the present invention are

useful on submersible motors that are used for purposes other than the operation of pumps.

BACKGROUND ART

i5 The term “submersible”, as used herein means that the motor can be surrounded by
a fluid, which is restricted from access to the interior of the motor by an external casing or

motor housing that is integral to the motor design.

Submersible motor driven pumps are widely used for transferring liquids from

20  sumps and wells. Generally, these pumps include a motor, and a seal section that prevents
the ingress of the pumped fluid along the motor shaft. Submersible motors have been
designed with both wet and dry rotors. Wet rotor designs incorporate a rotor chamber

filled with a compatible fluid to lubricate bearings and remove heat. The fluid must have

good dielectric properties so that electrical conduction does not occur between the fluid

25  and the motor windings.

There is, however, a disadvantage in the use of a fluid filled rotor chamber in that
viscous drag due to the fluid properties will result in a decrease of the overall efficiency of
the motor. This decrease in efficiency can become quite significant as the motor size

30  increases.
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a seal section that prevents the ingress of the punped fluid along the

mot or  shamewn Sk thet sesseseandufluidsswilaalwaysetens todast Gemacares toff higbtmesaee and dry
rotons, WeharliOhRhs IBIHI HedsRECT RALALE Gbhokle ﬁlnl"i‘ﬁbﬁx'&orporate so called

“mechanical” seals to prevent the ingress of fluid into the motor cavity or rotor chamber,

these seals do not seal, but in actuality restrict the flow of fluid to very small levels. This
fluid flow creates a hydrodynamic film on the mating seal faces that prevents overheating
and premature wear.
20
Under normal circumstances a submersible motor always has fluid moving across
the seal faces from the region of higher external pressure towards the region of lower
pressure inside the motor. Manufacturers typically rely on some form of electronic
moisture detectors located within the motor cavity to warn when conductive liquid has
25  reached a level that poses a danger to the motor, or utilize stacked seals that slow the

ingress of fluid sufficiently to provide a satisfactory motor life.

Past submersible designs have utilized some form of flexible device to keep the
internal environment separate from but in communication with the external fluid so as to

30  maintain a balance of pressure on the mechanical seals. These devices have taken the form
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of this design is that, although the motor can run continuously in air, critical surfaces of the
outboard mechanical seal, specifically the contacting rotating and stationary seal faces, that
are subject to frictional heat build up, are located adjacent to a small annulus formed by the
pump shaft and seal components, where little relative motion occurs between the buffer
20  fluid and the critical seal surfaces.

European patent 939231A1, published Sept. 1, 1999, operates in a similar fashion
utilizing an axial flow style of impeller. While effective at removing heat from a motor
running in air, a disadvantage of these designs is that, although the motor can run

25  continuously in air, critical surfaces of the outboard mechanical seal, specifically the
contacting rotating and stationary seal faces, that are subject to frictional heat build up, are
located adjacent to a small annulus formed by the pump shaft and seal components,

wherein little relative motion occurs between the buffer fiuid and the critical seal surfaces.
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20

There are, however, disadvantages in using a remote pressure source via the rotor

chamber for pressurization. Mechanical seals do not “seal’, but in actuality “restrict’ flow.

One disadvantage is that the seal life of this design is partially dependent on a small
volume of buffer media within the seal chamber. There is no provision for supplementing

25  buffer fluid to the seal chamber as it flows from the seal chamber to the external

environment.

Another disadvantage of this design is that the volume of pressurized gas exceeds
the available volume of buffer fluid to the degree that once the buffer fluid supply, within

30  the seal chamber, is exhausted, gas will continue to pass across the seal faces. Although
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many users. The use of remoted reservoirs or remoted pressurization sources restricts this

20  portability. Also, in environments where solids are present, setiling of the solids in and
around the heat transfer surfaces of the motor restricts the motor's ability to transfer heat to

the surrounding liquid. This results in premature motor failure.

Submersible motor driven pumps are often located in sumps, or other low areas

25  where liquids collect, where the primary purpose is to transfer all of the collected liquid to
another location. During normal operation, heat is generated within the motor due to
electrical losses. This heat needs to be removed from the motor or it will build up and
cause premature motor failure. Early submersible designs, relying on the superior heat
transfer characteristics of fluids relative to gasses, required the motor to be submerged in

30 liquid at all times. The primary disadvantage was that proper operation of the pump
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options all have undesirable expense and reliability issues associated with them.

20 Regardiess of how well designed a piece of machinery is, all machines with moving
contacting parts, are subject fo wear, and require periodical preventive or repair
maintenance. In an industrial environment, downtime for a piece of equipment such as a
pump can often affect the overall productivity of a process, or environmental safety where
effluents are involved. Submersible motors, as presently constructed, utilize shaft seals

25  and bearings that are mounted as segregate components. Proper installation dictates the
locating and fitting of these components individually, thereby prolonging the time required

for assembly and disassembly.

30
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20 Yet another object is to provide an environment, where gas that might collect,
within the pump chamber, adjacent to the mating faces of the outboard mechanical seal,

that will not result in dry running and resultant overheating of the mechanical seal.

Another object is to provide a seal and bearing arrangement that allows for
25  decreased installation and removal time for the seal and bearing arrangements, as compared

to that provided by present submersible designs
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envi r onnent 8pta ryObfeﬁélsg%Bfri)r%“F go? e BesP °|f§he Sgﬁllc erovﬂglr%g‘é’ "8% for an
ext endedadsighBo BEMo1aR6w fMtARHbpARAR OficlefidsNBanTRRlidelby Wel Bfor desigagar dl ess of
the rotational direction of the nbtor. Yet another object is to provide an
environment, where gas that mght collect, wthin the punp chanber,

adj acent to the ting faces of .the qutboard nechanical seal, that wll
not result i nAa?‘g‘?frq}?ﬁ%ﬁ il BFHH‘%F é‘glPP’Et%‘llftyag@Fﬁ@&Pl?’?fﬁ by PreviOe L BRRRi cal seal .

Another pRksRfikab ofs QR Wl BmPShic bR e LRLARERAY. that allows Tor

decreased 1 nstall&ation an or the sea ring
arrangenents, as conpared to that provided by present subnersible designs

Another object is to allow for pressurization of the seal chamber with a dry rotor
design while at the same time providing an integral reservoir to replenish the buffer medial

lost during normal operation.

Other objects and advantages of the present invention will become readily apparent
to those skilled in this art from the following detailed description, wherein we have shown
and described only a preferred embodiment of the invention, simply by way of iltustration

of the best mode contemplated by us on carrying out our invention.

In accordance with a first aspect of the present invention, there is provided a
submersible motor and pump assembly comprising: a motor and motor housing, said motor
having an output shaft; a pump and pump housing, said pump housing connected to said
motor housing, said pump being driven by said output shaft; a removable shaft sleeve
mounted on said shaft; an inboard shaft seal proximate said motor, the rotating components
of said inboard shaft seal mounted on said sleeve; an outboard shaft seal proximate said
pump; a seal chamber interspersed between said motor and said pump, said seal chamber
comprising in part the chamber side faces of said inboard shaft seal and said outboard shaft

seal, said seal chamber charged with a buffer fluid under pressure at least equal to the



7 2 April 2004 Another object is to provide for the aboveApr 2004

envi ronnent where the external notor surfaces are exposed to |iquids
carrying solids and other contam nants, in such a way so as to allow the
surroundi ng environnent to carry away the heat generated by the notor

w thout creating restrictions that m ght cause the solids, or contam nants,
to build up, inhibiting heat transfer. Another object is to allow for

pressuri ngshfane,@a‘mga RE 588 Hot GBS Mstdhitdy & Yokl eptndSah 9BrrS0mas to all ow

for greater operating efficiencies than provided by wet rotor designs.
Anot her bdjirecdieledrid groerting] dleeaf champearprakirzation spéterh had sdetisparentresiyre pr ovi di ng
a notor pressurization systemthat would forman integral part of the
submer si BEEVYE §65am! o said RN angpyust aspesnbilyy for | madvieings HPEEYEIITSRET on of the

h r W.hh a. ' | le. h - i i di
seal ShegBacy it N AP e BRUMIILLE, Pt PRPATBL R BLY 010 o1

oper at i omoufded sadjlest SvithitsaallicalndhaglBs padxirh#le s ©6®Hdrd ishiredehl, efd Wi | |
beconme readily apparent to those skilled in this art fromthe follow ng
det ai | edinehsHertiaping atleastwnsiietemahpasshgopay s¢noeping amejatiteeldy idseallsofeward pref erred

enbodi mept. of. the jnvention, sinpl.y.by way of illustratio of. t.he best
mode. conPERBMIPRAUIPHE: BRSSP PRI VAL P o® I AR bFonce w th a
first aspgflierOfrotiPbteRERSRMoald WEH §daP Nnd LNREIBpIicRy RE Qi brRnted WRI¥R' Si bl €

not or and ‘punp assenbly conprising: ‘a notor and notor housing, said notor

havi ng aflargas pusaid bat thandep vupboaad df gaidmpxdleas iong edgaoidsapl fpngeo being g
connected to said _notor housing,. unp being driven by said output

sai d
shaft: adPgﬁﬁW§ﬁ?Eﬂ?ﬁ&?ﬁ“§ﬁ§@ﬁ%3mﬁﬁﬁﬁ?E@&on said shaft: an inboard shaft

seal proximate said notor, the rotating conmponents of said inboard shaft
seal nmounted on said sleeve; an outboard shaft seal proximate said punp; a

seal chanber mhiesgpReSath HadcwReipsdiot tHEDireentaiftbnSian, dhdpé! iprosidédia seal
chanber conprising in part the chanber side faces of said inboard shaft
seal andsubgicsithempionind pmRfassemblyAlompEng] agecitr aof aebrs hoesings spadimpior h a buf f er

quid_un er Pressur t | east %ual to.thei 2 Aggil 2%04 ressure ext ernal
of "sai d HOUE P o ASERERY PHFP MO LBSeh o sied P RAES FHG o

motor housing, said pump being driven by said output shaft; an inboard shaft seal on said

shaft proximate said motor; an outboard shaft seal on said shaft proximate said pump; a seal

chamber interspersed between said motor and said pump, said seal chamber comprising in

part the chamber side faces of said inboard shaft seal and said outhoard shaft seal, said geal

chamber charged with a buffer fluid under pressure at least equal to the pressure external of

said motor and pump assembly, said buffer fluid having dielectric properties; a seal chamber

pressurization system and at least one independent reservoir integral to said motor and pump

assembly wherein said pressurization system maintains a continucus positive pressure

gradient within said seal chamber across said shaft seals.

In accordance with a third aspect of the present invention, there is provided a
submersible motor and pump assembly comprising: a motor and motor housing, said motor
having an output shaft; a pump and pump housing, said pump housing connected to said
motor housing, said pump being driven by said cutput shaft; an inboard shaft seal on said
shaft proximate said motor; an outboard shaft seal on said shaft proximate said pump; a seal

chamber interspersed between said motor and said pump, said seal chamber comprising in

8a



having dielectric properties; a seal chanber pressurizat2eprdy90ém and at

| east one pressure reservoir integral to said notor and punp assenbly for

mai ntai ning a positive pressure gradient within said seal chanber across

said shaft seals; a buffer fluid circulation inpeller nounted on said

sl eeve within said seal chanber proximte said outboard shaft seal, said

i npel l er having at | east one internal passageway connecting a rotationally

nor mal | ypdriotheveliathbef sidd faces iofi kA mbbait ehaftrsedl aad pid bypberd/shaft saisaidisegbel | er to a

di schar ge port on the hub of said_ inpeller proximte said outboard shaft

seal ; anthember ghefesd rretrltayblé‘rér flaidi arbrlﬁferc#%ﬁlr tl@l@ arpsiler rfrﬂ'aﬁdfé% aphasaj d seal

chanber r f ] e i cl osely
. 8%9&2 Sidlmp .!f- 5JWe%+ Laid %Q’?tn‘{’(aag‘g %’B S8 Hadidd Rg A9

adj acent r'C 0 tron of Sal upes Thoac ance With a
second asyedatd SHafit J&@r, P48 Sapdllel RYMERE hORast oA i@erhsl ﬂh&ﬁgévﬁ@Ctoﬁnecﬁ@Her Si bI e
mot or and punp assenblg conprising: a notor and notor housing, said notor
havi ng arptaigngblytnosrhallvt torvearg fpeng dntakpivhg ol oaid ipnrg:helsrarm diserehpors iopg

connect ed. sai d_notor housi sai d ,pu i.ng .d out put
chart: aid uoaptmeliare wlied Mo 4 meftRepfal b Ema et an

out boar dﬂ:ﬁ@@J In $68keaP Chade ootBSrd oPrsél&'ﬁBélI%r S&fe%gélepsm@ fagRl bei‘ﬁQa”ber

i nterspersed between said nmotor and said punp, sard seal chamber conprising

i N par tclodely adivaen e asd efeothtivnesd sod intke thbenboard shaft seal and said
out board shaft seal, said seal chanber charged with a buffer fluid under
pressure at |east equal to the pressure external of said notor and punp

assenbly, sai g ?c'ﬂ&jdgx{cef\JJlgrl g f ! 0L P HRGLELG | gl}e%p%{ th&e is P§’ﬁ a Chamber

pressurization system an east one | epen reservoir In egral to
sai d not @lbmaRthldEmr arﬂ%ﬁxﬁiﬁib'ssémmﬁdoﬁipﬁmﬁgladmﬁbleﬁﬁ%dt&&fohﬁxﬁg salé hetor mai nt ai ns
a continuous positive pressure gradient within said seal chanber across
said s halﬁacvng@eﬂ atput ghadic e proharree pmnp Hhopsingy is#id) paryp degsingf conprsicgrte §@ﬁt

i nvention ere is. provrded a or, a asse

conpr 1 51 Ry B eRi e 58 P aRg ool o SRR shar

a punp aggh IB&BP she Hl%!ﬁ%al 1M&thhgb&hﬂwerﬁ%rb%%% shéh &l foxifiRE Or

housi ng, said punp being driven by said output shaft; an inboard shaft seal

on sai d saghpinp; pr exl crmmmrsraientpﬂmddrerwan smdtmmraraild$hrdfmmwealremalslal d shaft
pr oxi mat aj d unp chdnber i nterspersed between said tor and
sai d punfsh Si5pes Teed o SHBERNgY SN 18] ) heies 2 Appine CoMBORSBLATS A he chamber
si de Tacgg,ff sift!stal nfdaRRE On SHAlLvE SRl 23k RSk AURAAE R uaGe! » sal d

seal

within said seal chamber, said impeller mounted on said sleeve.
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chanber charged with a buffer fluid; a buffer fluid circul at? 6Ri38981 | er
with a hub and a periphery, said inpeller nmounted on said shaft within

sai d seal whapbeu proxi mate said outboard shaft seal, pggjudodeg! | er having
at |l east one internal passageway connecting a rotationally normally
forward fERPOESCRANGOLGIeEDRANING]I I phery to a discharge port on said
hub proxi nate sal d outboard sha Seéal; and a nultiplicity of radially
oriented stator flanges in said seal chanber outboard of said inpeller,
one edge of sgjd;fid ARGRSEnAEH Q&tiox%:ﬂiﬁcﬁé WRCRAY of g'Fre?c?r‘éd grfnb&ﬂ]h@ﬁt' on of
said intake tube. In accordance wth a fourth aspect of the present

i nvent i orPf thenayentios, a5y sybmesidlecelectrishureios alyl pumpp assembn dhap insprpastsemb| y

COMPI isS! Mffeqrdt BR R Bt AL ARSI \RfLe IBEQL:: alPbeb A, RYhRUT Shal L
a punp and punp housing, said punp housing connect ed 10 sai not or

housi ng, m¢rdeadghgmlisei ng driven by said output shaft; an inboard shaft seal
proxi mate said notor, said shaft seal including a rotatinrg conponent; an
out board shaft seal proxinmate said punp; a seal chanber interspersed

bet ween sai d Hist dis agadion aies qfthmdladdentgraprasbire accamalptor ef Bgvle nount ed on sai d
shaft within said seal chanber, said rotating conponent of said inboard
shaft seal nounted on said sleeve; and a shaft bearing and bearing support
strudure wi Figi b issapattia eakiowdh sivvarf ancthdr hraferyed|ehbodinentif eiek ioventan,d sl eeve.

8b 2 April 2004 WO 01/25634 PCTI.US00/ 26898, BRI EE. DESCR| PTI THE

DRAW NGS “Figrerible dnojorg T PRI fo s %?‘ﬁ@?gﬂ'ﬁh‘ 8"‘7{%}"8% a

pr ef er r ednozoriand kieiRhringodnd tshit carftidgs hisembly @ Bnds f Bieduldtioh @f BLfRE fluideandot Or and -
punp assenhl at_ipcorporates an integral seal pressurizatjon device that
serves a§g§‘[‘ét°tﬂ’§d’ée°&g’é‘@$§76€w%’%gleéﬂ-‘&”g AU R FOFtﬁ‘é*“&lFPﬁf icdsgd chanber .
Fig. 2 i sndthsaptdreiefivi ew of the bl adder type pressure accunul ator of Fig.
1. Fi 3 is a partial sectional view of another preferred enbodi nent of

t he ilgvention, a subnersible notor with an internal inpeller to circul ate

a buffer |iqUFi@s.hWanﬁQB'dE?thd%fajl&@ﬁheiﬁﬂieﬁércféﬂ fehereBRANIMRGeaNd seal
cartridge assenbly , and for circulation of buffer fluid and cooling of

the mechanical seal within the annulus fornmed by the outboard nechani cal
seal and thep;BRt8ris # P@idi sectional view of mechanical face seal and bearing arrangement

that allows for rapid change out of the seals and bearing, while reducing shaft deflection, at

20  the seal faces, due to radial loads, and reducing the overall radial loads on the inboard

bearing.



Figs. 4A and 4B depict details of the inpeller design referr in figure
3. gFi gure 5 is a partial sectional view of nechanical cngglgg?éognd beari ng
arrangenent that allows for rapid change out of the seals and beari ng,

whi |l e reduci ng shaft deflection, at the seal faces, due to radial [ oads,
and reducing the overall radial |oads on the inboard bearing. 9 2 April
2004 DESCRI PTI ON OF THE PREFERRED EMBODI MENT There are three principle

el ement s res_of the preferred enbodi nent of a subnersible,
nDtor-dr#ﬁ%ﬁﬂﬁﬁﬁ%nJQ%@H@P$§F§%REH#%@P%Pn@mﬁBunted pressuri zation reservoir
used in conbination with a subnersible notor of the dry rotor type to

mai ntain pressure in the seal chanber at a | evel higher than that found in

the external auerap6 et privkiplen@emety i R8ueRE heOfrefeR8 BHBRimdI@r SUDMET Si bl €
not or i ncorporates a renovabl e shaft sleeve or cartridge-nmounted | ower

beari ng AWunaEpplermafarndrives pump] Therspksi ashinfearally imounted presswiadtioatressrvoirand

renoval of both conponents,, with the beari | ocat ed between the inboard
and out _tl)lts)eecllr c?r%tgﬁﬁpf(‘,”é 2 ng?lgﬁﬂ?ﬂi?reog%ﬁ{%mtt% t§pe_rt8 FERREHE 8esiEete is a
uni que CitkeCdaBERatber hi"P RivbERighd?ahan ot AAGH i BR &PerhdIRAVEdAENF @Ml T ugal
punpi ng action for the purposes of notor cooling, converts kinetic energy
i nto fl uiwbriihodepthheftthspumyl. Tansbustsible nbouo inabpsratds guemoablntaft slaeenot or

shaft for cooling the shaft seals, thereby allowing the notor to run dry
for ext SheEEdps-auped loggsbeanppand yrash sleEsembly, é"fli“fg‘a'rrﬁc%‘éte%lﬁﬁaﬁ@tﬂ’nei t her

separ at el | .nat i r |41 'be £ rization
reservoi ra%{d ?ﬁ?dé’glr gf:ggﬂhngohﬂ tggeélts\?\ﬁvtﬁﬁl gﬁdﬂegl‘eﬁg goggtt@(zc? &%%%éeom?é%ﬁearnéi bl e not or

, (2) a oobbirdaidchanioalsdalsi Migated an@ thisGehotablesiécpad b eniqueirbgithgl ocal and
motor caooling circulation of a buffer fluid;, and g) a | ower bearing and
upper sedrreilesbapinaddiden torimggEngeniifess! pronitgaction & thermafnosesydmotdrat  t he

| ower bear] i at ed bet ween, t er and | ower chani.cal seals, and
wbi ch v PR doRvck AR REMNRE Tt o WEP Sy au R Bk PR AR Fre
Ref er enc eel Sothi Elsif ﬂsadeolh;g the PRMTL b@R, BlercbPRUSWIEGh! ERtFROWIN IdR, Fdrg- 1. An

e

outer shell 661, attach either integrally or nechanically wth the notor
housi ng Kitended i peradswi t h an

These features, which can be applied either separately or in combination, are
delineated as: (1) a pressurization reservoir, integrally mounted with and segregated from a
submersible motor ; (2) a combination centrifugal and pitot tube impeller for both Iocal and
motor cooling circulation of a buffer fluid; and (3) a lower bearing and upper seal assembly
cartridge mounted on the motor shaft such that the lower bearing is located between the
upper and lower mechanical seals, and which will also accommodate the buffer fluid

impeller, where used.

Reference is first made to a portion of the structure shown in Fig. 1. An outer shell
661, attached either integrally or mechanically with the motor housing M1, is fitted with an
outer cover 662. A shaft 1 extends from the motor housing M1 through an annulus in the
outer shell 661 and another annulus in the outer cover 662. Mechanical seals MS1 mounted
concentrically in the outer shell 661, referred to herein as the inboard seal, and
mechanical seal MS2 mounted concentrically in the outer cover 662, referred to herein as

the outboard seal, restrict leakage of fluid along the shaft 1. The assembly of the outer
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outer cover 662. A shaft 1 extends fromthe notor housin%%k@.{gﬁﬁpgh an
annulus in the outer shell 661 and another annulus in t 8Y cover 662.
Mechani cal seals MS1 nounted concentrically in the outer shell 661
referred to herein as the inboard seal, and nechanical seal MS2 nounted
concentrically in the outer cover 662, referred to herein as the outboard
seal, restrict |eakage of fluid along the shaft 1. The assenbly of the

out er 1Oﬁé§ﬁ&éil 2004 shelé 661, %QS outer. cover 662, the nechanical seals
MB1 and | 06} the oper S‘_W&'F? 2y therrgge %ﬁf%ﬁafsv&’[ﬂ ML rAnghs grlrls &m0 as the
seal cha gﬁwﬂgggﬁ%éaﬁﬁgd@gg%wg%ggﬁg%5glIy avai |l abl e nechani cal face sea

desi gns Ich are proven use tnrestricting flow of fluid, from high
pressure areas, to |low pressure areas in rotating equipnent. This

invention is not dependent on the particulars of the mechanical face seal
utilized, but ThastastmpwcersEsereplle paiatilngeshanionlfadeasealr debiees whigh egnment i n

which th hani.cal . face,seal .c operate. The seal chanber serves to
house th ron‘;é%ﬁoéﬁlseclglmgneca]?%ﬂ%% %%%&gl'eoﬂgl@glégregmre@éeé"?’s%lw PIPBPTe 4Pt Ot ecti ve
fluid thagtamreq@pmet. T8 !invAGbd Wt 8deRdchi8n 8RAartlcBBBSof A hscHahidid 1S
commonly referred to as the buffer fluid. The buffer fluid can be any

cl ean noraceoral vidlized biif instehd Haonsasgn cizatitty d radre fvanbleamdrodinehten tvhich ter operti es
sufficient to. vent shorting of the notor windings and to lubricate the
seal fac@??h%g{fgﬁ QSN SI |y available oils or oil |ike substances

have been found suitable as liquid buffer fluid. A pressurized reservoir PA
serves as a reservoir and a pressurization source for the seal chanber.
Prior art Fi gTh2séephanibsr @rdey pi ke the nfivekaical deyls andiid @bleais prregsustr zat i on
reservoir of the gas-operated type, as is used in the enbodinment of Fig.l.
The t ype {2 protecdivg fuidthat seryrstio eep! and lnbricate thessepk faces. s flusdh isicomgnonly; rst | i t
must be t 1t froma nechanical device.such as a

Bi st on- ofotared 18t B BRM 0Bl ISR bl B EREUB' ST eqi i Rufoibe

mechani cabthgatsicapandtiedctele piopericd duffititst tdiReval Bokifg bf MBSIBJr RAESSUre to the
buffer fluid in the seal chanber. If it is of a gas operated type, it

shoul d peed fodlabrcatertbe) aqal fagesofVatitns agmanesniallytdveildbief dilsror ofl|lifegulstantdsat gas
under prgiﬁ%%gn{ﬁ@s%tgg{ﬁlgs {qgﬁguﬁéﬁf buffer fluid and rel eased as it

passes I'0SS where it m ght cause prenature seal
damage. It should have a

A pressurized reservoir PA serves as a reservoir and a pressurization source for the
seal chamber. Prior art Fig. 2 depicts a typical commercially available pressurization
reservoir of the gas-operated type, as is used in the embodiment of Fig.1. The type of
reservoir is not as critical as its functionality. First, it must be able to transmit pressure
from a mechanical device such as a piston or a spring, from gas pressure, or from a
combination mechanical/gas operated device. It must be able to transmit pressure to the

buffer fluid in the seal chamber.

If it is of a gas operated type, it should provide segregation of the gas and the buffer
fluid so that gas under pressure is not absorbed by the buffer fluid and released as it passes
across the seal mating faces, where it might cause premature seal damage. It should have a
design pressure rating suitable to provide for a buffer fluid pressure equal to, or greater
than, the pressure on the process side of the seal face at the moment when the pressurized

reservoir PA has exhausted its normal fluid capacity. Although this is not an absolute
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design pressure rating suitable to provide for a buffer fjﬁhﬁl—&“@ssure
equal to, or greater than, the pressure on the process si of the seal
face at the noment when the pressurized reservoir PA has exhausted its
normal fluid capacity. Although this is not an absolute 11 2 April 2004
requi renent, providing a positive pressure gradi ent across the outer seal
as long as possible wll maxim ze a key benefit of using a pressure
reservoir, irrespecti.ve of .capacity. Referri back to Fig. 1 .Ge

br essur | JEPIERETALEITHF s Beok B BRS R et e ceiorde ot % ot sl wni ch
fluid caryifi haWnteadieh 86efiPdtakinY a pfeSsutdYesedRf! inthRBRRIS cdpReifyNi S particul ar
case a quick disconnect fitting & is used to facilitate installation and
removal . OQther forms of connections could be used wi thout taking away from
the object of RefeidsWaeRld BB. 1, MEpreREEARM telddiPPA iESHRUPIA viRRohdt" 1 9i dI Y
attached to the subnersible notor housing M by bracket B 1 such that the
mot or ho®dilrtgrohgh which fleid @n dloppEnlireaiondlly, exthe sephichanbei. o e pérticuland t he

entire assenbly. of the brer.si bl tar housin and ressurization
reservoi ropA qéf%’g dbSS?I}nﬁ‘%I%ﬁmgsélés Eﬁé%"%&‘ﬁ{aﬁﬁff‘%‘?‘sﬂafl n %nal rFmB@‘tl';kgtB%if?Wappar ent
that the opeamSiiots EQRSEHY Qdetl vﬁﬁx@utbtﬁkiﬁ% BREYMSA thebEBE ek inbdMion.the overal |
mot or design, such as being vertically stacked over the notor, or be a

ci r cunf e PESIIEItiop edervgir kb sergidly itaehet He thrptubmergiblet metor bousingd¥ll thye seal
chanber, ,w sui ' r i.f kLngs d.connectipns.to the seal
chanber, biégrc E%\]/BelnSH 1{e{%?'!n ee?r%)gq%}ogﬁ%%l\éﬁ lgrr%rf %?gldo%%%ﬁorr% eﬁétﬁgllan%n,m%mﬁngng as its
confi gur ahd tie eloes agseibly ndfethé ankmatible MetoOhfRINgi e andethé dedssurz@ipnt he ot her
necessary functions an@ m ni_mum cool i ng capacity of the overall design.
Prior to PAYPEPAZTS RFaRA2Y 1B HEEsi bl e notor assenbly, the pressurization
reservoir PA is pressurized nechanically, or in this case, with gas via a
capped unidirectional valve C2, to a pressure higher than the antici pated
maxi mum subneiigeitices jpadlysppeent Thee theuprbwure rédetiiott carak otearitreintegiackdconnect i ng
lines into the pressurization reservoir PA are then charged or filled with

buf fer f P &% PG ampPRSEtAT: ¥ &duimgeycrtirely shdked vekthaimdgnaebe 2 _
[ RO CEednforfifs HRE! AILACLTR BE SRAHT & RL 1400 P B! LSNAIREL, GG8! on. i ch

includes consideration’o oard ft" seal ‘designs. If
the r esegunable die@hjagﬁxﬁ:gqtiﬁés dn@ cofidd€tidA® USthe geaD EhaltBbr, 0f HRH Bk HferfA 36 thy
renmovable, it can be filled and charged on the notor

motor or pump housing, so long as its configuration does not interfere with or otherwise

detract from the other necessary functions and minimum cooling capacity of the overall

design.

Prior to installation on the submersible motor assembly, the pressurization reservoir
PA is pressurized mechanically, or in this case, with gas via a capped unidirectional valve
C2, to a pressure higher than the anticipated maximum submergence pressure. The buffer
fluid seal chamber and connecting lines into the pressurization reservoir PA are then
charged or filled with buffer fluid from a pressurized source, via the quick disconnect
fittingC1, to the maximum normal pressure of the seal chamber design, which includes
consideration of the inboard and outboard shaft seal designs. If the reservoir is integral to
the housing or not otherwise easily removable, it can be filled and charged on the motor
assembly. It will be appreciated that for some configurations, the arrangement and order of
fill might differ, but the end result is a self contained, pressurized, buffer fluid seal

chamber.
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assenbly. It will be appreciated that for some configurati orsAPHlR804
arrangenment and order of fill mght differ, but the end result is a self
cont ai ned ressurized, buffer fluid seal chanber. 12 2 ril 2004 WO

01/ 25634 PEMEE3H125898 Typical safety nmargins for cal BGFESIOAS%mxi num
normal pressure may be in the order of two thirds (2/3) the design
pressure of theiqs safetreargias Eriselpulatingnmerimum nospe pieswe mayniseindbeire, or two

thirds (24dd) of Nevsaside By GRSk quesm@ ASEE PRENrISREMIE R magRIRPNENt Wi th

the | owest design pressure rat |%ﬂ rated tenperature, which ever has the
| owest d@Bergmefempesaipe, WaMOerlrdST(H@) stpmes%messurﬁa«fethm@sm@y deregdend what

const i L il QA QD Fes? AL rdlBOHallnd B rhebd ofloBtteY WHIRR b Ras i SEND! Y

dependent ¢ onents in thris™e are de as t pressurl zation
accumal atIQ)veSPﬂleSIgthessmeamn Abe appligarys piakey po @hnp@m@mamn&utuﬁpaq Cl, the

out er coggﬁuﬁggﬁﬁ%ﬁ?ﬁ%@%‘g%desg%% mechani cal seals M5 1 and Ms2, and

t he notor y is defined as the assenbly of the
assenbl y dependent corrponents Vent plug PP2 is renpved and the seal

chanmber is fi ffer fluid via |p|n PAI rkn f|| |ng air
will vent froJP‘nSS? be a}fenhl mr’r%mpommaS vén bg%m ern %m fé ?I uid is
observed p&xsmzatgntahmnﬁMr prahﬁmﬂwc\zmmﬁﬂgqnpmmoﬁﬁ&entﬁ iPhIlJﬁ’Rj mllthe stop, and

vent .plug PP2 wi dlle uri d res v0|r PA is
! hon Bs o BrBY e, B b P g en crametim et BSL aRh RS2t aBEmhET iy qui ok

di sconneGhe Ptetsiutd\@sﬁhbiy\&stdaﬁﬁéalels tthenatsedhmnaaﬁé asB@nlydy mpegdeﬁ’eﬂcoinpobarnasc ket B 1
w t h not M nd brac pr .zatjpon . reservoir As the
submer si FEtHl&&‘%}%’btﬁﬁ?Va‘t ﬁ%?al\% %Ffé‘sﬁfe té/% er&h‘f‘*‘@?mﬂ“ﬁlp&lwll be
fromthe higher pressure seal chamber past the seal faces of the outboard

seal M52, intg the_ external process environment. Leakage will al so occur
across the seBwringfling g wilfuent ke seakehambayyia venhpige PAZ- WBEbPuERanber .

Becayse @idii§ §bs@ifv€él @ﬁaﬁg fhe Qéapé}ﬁfdbbxeﬁa Ehe %rﬁleAI:leﬁlhﬁé Willst&) aed veadpthge not or
chanber M will do no harm As ui d passes fromthe seal chanber,

t he pres$H? withedq rgplageds dhe Hiled PN wasvnzgéu paserenis B iadesniassakiediontortBe £ 1 ui d

until SUGfbmersible motor assembly by assembling quick disconnect fitting C1 with the

interconnecting piping PA1, bracket B1 with motor M1, and bracket B1 with pressurization
reservoir PA.
20 _

As the submersible motor pump assembly operates, flow of buffer fluid will be
from the higher pressure seal chamber past the seal faces of the outboard seal MS2, into the
external process environment. Leakage will also occur across the seal faces of the inboard
seal MS], into the motor chamber. Because of its dielectric properties the buffer fluid

25  entering the motor chamber M1 will do no harm. As buffer fluid passes from the seal
chamber, the pressurization reservoir PA will supplement additional buffer fluid until such

time as it is necessary to refill and recharge the pressurization accumulator PA.

As the submersible motor pump assembly operates; the temperature within the seal

30 chamber will tend to rise. This is due to heat generated by electrical and mechanical losses
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time as it is necessary to refill and recharge the pressuri 72 ('PHl£004
accunul ator PA. As the subnersible notor punp assenbly operates; the

t enper at ur, i.thin the seal chanber will tend to rise. I.S.J.8.due to heat
gener at ed ‘ﬁ?/w@%'gétri cal and nechani cal |osses 13 2 Apr iPF¥%§P1f! 01/ 25634
PCTI US00/ 26898 with the potor. M nd .due to fricti.onal, heat el oped by
e mmchafvd mos . sl us BicipiaL Bea aivefored ot HsBRRr P ThEHS

pressur i Zigkdtidhal I fRMEEHAbilityRA thé blessatizioh reervbi fiAewilf Allowdfor dxffanfion when t he
notor tenperature rises, and buffer_fluig C tragtion duri.n cooll down,
Wi t hout  SKBSIEE AR the SOIAFUREANS HisEra6d Ao 1Pl rFoBFHelRt dBN PEY cal ly,

wi th the @whswitui 88 dRbgr shaft nore or |l ess perpendicular with the
earth's surface. Gas, being lighter than liquid, tends to rise to the

hi ghe$t point within any containnent. Any gas that is present in either the
punp chanber gyifierdihie nfRdd acheh Sfienttd YdrtidaBNAnitHOthe @kik € theahotbhshahii ghest
point within the chanbers. The outer shell 661 is desjgned such that any
gas in t Heorgpiclessinerpepdiculasevithethy pagthssetfageqGass beips light W%HH&%‘GE%%P VI
taking adyap@oRighdst foiftasidn ARlcHh@nmkRNABNEH the is'fré&entlif eittelitheumpi | | nDve
upwards and radially away fromthe seal faces, col|lecting in the area where
vent pi pehambgy, or i sgal shansies il deng de colischab thedvehstiRging withip gher ghampsts-t i al
filling, el : | rath Hing ofand the
out bé@r d ?%21“%?11%?{%)&??%&%%@5%39 g%r ?trtl% Jééggyadt?i on. QI‘F%E@{ gd;«!?! chanber,
pressur i zkadinheard sdal Yyidr tabing advantage hfim geshenaswel tondeniyrig rise iy liqWdielt . wil |
ensure t Hal e 988a SXAE ARk Rk BEriRRLea FHARDGIARE ) BOLicE U verlplpe
centrifuga pﬁnps are designed w cl'earances Separating rotating from

st at i onarBA2cmsideneBtanseQna is uelted laoay dndmg thei isitiel Ellidef e resalaghamhberul us

bet ween t he rotati hub of a el ler 6 t ' y back

pl ate 52.5“%?ﬁe? ag?)otgﬂhﬁggfaargrsealg#g&an%t%ﬁ%ﬁf%eﬂg&s?’g} ﬁ%%ﬁﬁﬁ) e{g%rg punpage,
Wi || 1tsendiutifly bpegation dTBe §a) chaRbes prassarizedist b aighatprakure tah texsusbedong ei t her
side of the back plate 52, through the a%]nﬂlul;s formed b the rotating punp
i mpel | er sggrongcat pHLenstrs tha gaseyiepalio th sgplhaber dofs BOLRRISL, o0 hencefort h
referred to as the secondary punp chanber, that is bounded by the outer

cover 662, the outboard seal MS2, the shaft 1, and the back I%te 52.
All centrifugal pumps are designed with clearances separating rotating Irom

stationary components. One such clearance exists and forms an annulus between the
20  rotating hub of a pump impeller 63, and the stationary back plate 52. Solids, sludge, or

other contaminants, residing in the pumpage, will tend to flow, due to a pressure

differential that exists on either side of the back plate 52, through the annulus formed by

the rotating pump impeller 63, and the stationary back-plate 52, into an area, henceforth

referred to as the secondary pump chamber, that is bounded by the outer cover 662, the
25  outboard seal MS2, the shaft 1, and the backplate 52.

Liquid entering the secondary pump chamber will tend to flow out port V1 back
into the surrounding environment. The process wetted side of the outer cover 662, that is
adjacent to the mechanical seal assembly MS2, forms a concentric inverted cup shaped

30 tapered annulus relative to the adjacent mechanical seal assembly MS2, whereby the
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Liquid entering the secondary punp chanmber will tend to E%gﬁﬁgﬂkmport Vv

back into the surrounding environnent. The process wette I de of the

outer cover 662, that is adjacent to the mechanical seal assenbly Ms2,

forms a concentric inverted cup shaped tapered annulus relative to the

adj acent nechani cal seal assenbly M52, whereby the 14 2 April 2004 snaller

di aneter of the taper is adjacent to the seal faces, and the |arger

di aneter of..th aper, term.nat.es so axj al distance away fromthe sea

Faces w eRrier Fmd gl e SR o iR MR fren ot GrE G A" ShHEI us | <

accel er ai@fr lcAnidatbOdottel RRRHisEASTIWAY FRRPHE std) eacBX lvinif find Q@ond%@%ﬁﬁ’n 1 though

frictional drag, as well as kineticC forces that are inparte y the

rot at i onshamlgur f aces of the shaft 1, Slinger 81, and the rotary el enents of

t he outboard seal MsS2. Centrifugal forces acting on the rotating mass of

liquid within the annulus will cause fluid to nove along the tapered

surface of th . | i i .the lLarger i ameter end
QS

of the tapere? suf?éggﬂﬁﬁ%gﬁg%%?ﬁ?%gﬁggh&ﬁﬁﬁkﬁﬁtS%Kgég%ﬁ §%§mﬁﬁﬁ% chanber .

This fl oshdfiel peugtofripfieiabdriag,aR yweHak ikidftif F2e0s Sk blel itgaddibydle ra@nRot enti al |y
restricting the novenent of, the conponents of the outboard nechanica

seal M52 suksehelsthpshafl hoplinged8lbuand Hbs edtary midnents, oft the ovtbbard sedl BY82.not or i s

gener al | ssu to be a . notor. surroynded hy.fluid that is restricted
from acc}eﬁsmgm?u (%gfﬁlécels ‘it’élgiogrtheorlogilﬂ%mﬁﬁto th.qulg'i“ﬁﬁ'é“, thﬁmrfu Si"‘ﬁl_1 £#Ee Bridvi ous
embodi MR mold18lofX HR' tBftredSHIRECEr B dulte HRE @62 ROWRI Al bSthe 8E4al | Y
imrersed in and receives cooling fromthe punped nedi a, the enbodi nent of

Fig. 3 dimdier ewtddhd iopaedmifoce whitle itrmingtenwithib ¢hessatimearg @dmp ehniter. punped
medi a, ni%@ﬁ%Jl it receive agg cool ant, benefit fromany external |iquid
during e R RSRS, 1P PEYerany saids fragh setting opotre and Rejentielly raistiphtbst Fig. 3,

| 20 ¢ ierhdh 61 bl BHGE Bl bbbl OPyspUr POSes of ot or cool | ng.

i s capabl e of sinultaneous Irecting coolant to the critical surfaces of
t he out board nechani cal seal, thereby enabling continuous run dry

operation. Thi ni que_ji npel.l er Si be . used separately or in
conj unct i on vmn’f %a Ul?]egn B?ffl{‘eglgutf l}efﬁubge ?)‘?’%B% %&feql%ﬁmgf/?t%?ﬁr %#y ¥ ”@‘?e_dl.
Ref er i ng b FikGunda b AR Rl iNHOUALED by obSsClBShORRAoMA , fibidh d_Passages
that emanate fromand return to the seal chanber formed by the assenbly of
t he out edhwhwehile Bahe previous embediment, the external surface of the motor housing M1 is

actually immersed in and receives cooling from the pumped media, the embodiment of Fig.

3 is directed to a motor which may not be submersed in the pumped media, nor will it

receive any coolant benefit from any external liquid during extended periods of operation.

The novel impeller design of Fig. 3, in addition to circulating buffer fluid for the
purposes of motor cooling, is capable of simultaneously directing coolant to the critical
surfaces of the outboard mechanical seal, thereby enabling continuous run dry operation.
This unique irapeller design may be used separately or in conjunction with the buffer fluid

pressurization system of Fig. 1.

Referring now to Fig. 3, a motor housing M1 is designed with fluid passages that
emanate from and return to the seal chamber formed by the assembly of the outer shell 661,
outer cover 662, motor M1, shaft 1, inboard mechanical seal MS1, outboard mechanical seal

MS2, shaft sleeve 12, and shaft sleeve 121. Shaft sleeve 12 and shaft sleeve 121 are an
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outer cover 662, motor M, shaft 1, inboard mechani cal seg% Ngﬁgﬁoutboard
mechani cal seal MS2, shaft sleeve 12, and shaft sl eeve I2T! t sl eeve
12 and shaft sleeve 121 are an 15 2 April 2004 optional, further
enhancenent of the invention, discussed at greater length hereafter, the
presence or absence of which do not affect the function or utility of this
i medi ate feature. In keeping wi th previous devel opnents of the art, buffer

fluid is acce t ed means, .of a plurality of equall spaced r adi al
vanes | ocf’Bf‘érﬁl 3{5‘%?@ gempept, ofjihe drventipna disenssadiad ggrsier ﬂ)"ﬁ‘é%;ﬁer‘@ fiergthei npel | er
631, ri gipidsyncEBtits@ide OfwctbiAlct atfoct BE ATLEANSE ulilty 0B AIBmBRRALE9GnRL. t he buffer
fluid discharging into a passage |located on the upper side of baffle 161,
and through fluid port FP1, which is in di rect comuni cation with the
fluid passages; i Fﬂk 0.11419!% %@eﬁ%&ls%@ﬁwm buncr ljlflt)ils %ﬁi@l%%h bi') %g.nsl S

generated by frictiona ctrical losses wt and sone
portion dlfsphalhtjlqﬁgquaﬂﬂspammdaimnwlbmedcoﬂcentnqaﬁyldlqmeﬁszbmﬁﬂtelpm;me@l chanber

itself. A tator van i,ating i.n from.the internal
surface S om%perer%% gapnied oy v% ?fa? eﬂ’e 2I %?nﬁ%g?lﬂ‘bmgtgwe“f%ﬁfl’f“gr fluid s
t endency dischargib@ ingo mq:ﬁsbag‘eh@catcmlth@ﬁpp@ﬁé;de bhiradys 1, el ﬂﬁieoa'%m fig partl el ative
vel ocity gi]’fferentl(gllfe bet ween the | rrgel |er 632 and the buffer fluid in the
i mredi at &7 vi ek 5 i Grect qomnpnicptiqyvith theluig Basssees yilin thermageyhousing Mt r at ed

more cl eabdovbidgheh 185 is ¢hReratBdIBy ABtionst dkdleleb@ER Tdsb AW ih dfé Hotord andddfdeer luid
returns to the seal chanber fromfluid passages within thé notor M via a

fluid padedige dispharsinggto ciscndaservithin detopereredsofithe kal deaberdtselfiber, | ocat ed on
t he underside of baffle 161, at fluid port FP2, where it is drawn across
heat exchanging fins 663 that extend into the seal chanber perpendicul ar
to outer coveﬂ}ﬂ@@ﬁt}'ﬁ&ﬂtatdmﬁﬁeeﬁ?’ltadiaﬂng'iswm‘dammﬂwdntasﬂsmifaueoi&ﬁ&rslekcess heat
IS transtﬁred throiﬂgr}‘ﬂthe f{)@% ho out cover 662, and absorbed by the
ext er nal P ST BPYHFP Gt fhe dules fluidh te 8‘?3’ Qs Fitythe ippelles0al, thesgpy  Buf f er
fluidis ffle 161
and the #&b of |%tlfﬁe%%hdlﬁ&e%%b%u?%ng}%algg?lr?p%g %g? glfgg{a%%%ﬁiflﬂn E]g i mpel | er
631 and lepeidtsvicihipeofdleglidkng tayed? of iRpler 632) lunowd herddl@dy dAgand 4B, the
inpeller detail of inpeller 631 of Fig. 3 is nore clearly disclosed. In a
signifi cand %Iepart ure fromthe prior art, inpeller 631, possesses, in
addition to a plurality of vanes 100 equally spaced about a central axis
for the

Still referring to Fig. 3, buffer fluid returns to the seal chamber from fluid passages
within the motor M1 via a fluid passage that is in communication with the seal chamber,
located on the underside of baffle 161, at fluid port FP2, where it is drawn across heat
exchanging fins 663 that extend into the seal chamber perpendicular to outer cover 662. As
buffer fluid is drawn across fins 663, excess heat is transferred through the fins to outer
cover 662, and absorbed by the external fluid or air in the seal chamber within outer cover
662. Buffer fluid is then drawn through an annulus formed by an opening in baffle 161
and the hub of impeller631, where it is again accelerated by the impeller 631 and repeats

the cooling cycle.

Referring now to Figs. 4A and 4B, the impeller detail of impeller 631 of Fig. 3 is
more clearly disclosed. In a significant departure from the prior art, impeller 631,

possesses, in addition to a plurality of vanes 100 equally spaced about a central axis for the
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16 2 April 2004 WD 41/25634 PCTI USOQO 26898 pur pose of accel e Apiilr2@04 | ui d
radially outward, at |east one internal radial passage 101, extending from
t he outsiqi) ' ter of inpeller 631, inwardly towards (ETQ'r’ hub of the

i mpel | er condary passage 102, the axis of which i FeYOEYPE the central

| ongi tudinal axis of. the.inpel one desij away from
the i npelPr@pse o 3ol ﬁ%sﬁ‘%ﬂ n%‘laup’ r&“@’?’%‘ic”tﬁ?ﬁt Wt %tc%aﬁ%agglyg%gsggg%g 101, and
t er m nat @gefing f36m B BuiSitie dhehettr B dhpdilep el l, &ﬁwarﬁﬁlowa@dsrlhghﬁxb afighee pi ck- up

tube 103 is connected to radial assa rmun nrl phery of
the i npelimestier; 34 sseraday pevitesd O ﬁ@‘?g’?&éﬁﬁ "é‘Ffaecf %Ialtfgflﬁ & ection of

rotati on a0 of P GhpeRer @%onQd%ﬁgﬁa&HldMnbémﬂﬂfﬂn thy m&nar erigiessrt oed, and
di stinguished in 'part, as will _be understood

b eS|IIed|ntheart
by thé speerEtion wibeEmaH Raﬁ%g“r M 2R fermifRiet Al the Tog ?“r‘ié’r‘l‘g iP5 HPRAE nunber

that charagl 2hibgemeteVRclgS f1uBE T8N &Ceofhec th wlpegsagemonginamntmattzm its
desi gn geonetry. ﬁe geonetry and speed of rotatlon are factars | n the

per f or mape@phety 9fi thi impghlex ﬁﬂem@o@entc&wln@s eRsareat ifine 18tk ?5’“%8 103 wil |

col l ect g.par Afr dahe buffer fluid as inpeller 631 turns in the buffer
fluid. Th?'—: colok%? drfl uid will experience a net velocity head, over and
above the pressure generated by the centrifugal actlon of the inpeller,

pr opqrt i onal {:Q%Jé{lﬁg plly,&@ﬁeﬁ %esta{?&re és&ﬁﬁéﬁ did lURGEAERD B \ﬁﬁx@nast{%ﬂi bepel | er and

t he rotatlona mass at the periphery of the inpeller.
The ki netunderstowel yythose dkdited|in dhe ait, byrthe brecific creed of igbienpeliercyhighit @d to a
static pr ssure over .an ve th ol e t I sts due
to centri rﬂ%’ﬁ’lo istl}um})e bef tv\?e%grﬁmrteﬂzcg ll?e ﬁ%ﬁcg?ﬁj& Iﬁ@@?éﬁq}é{d%%ﬂtt%ggl npel | er.
A pr essurdesigh éefoﬁbﬁﬁﬂmalgedrﬂeﬁyeﬁdaspeecbof retmsontm facters in the pg@ﬂnpw@roﬁplelﬁ t he

I mpel | er ag‘gﬁ bge inlet, which creates a resultant velocity along the

radi al '‘01. The pressure differential created by the centrifugal
forcasg of the radi al vanes 100 are cancel ed out by those sane forces as it

Fesul L i n thOuaioeraipneBst e o, [ SOETRG & POV Ao % ovar ds t ne
i mpel I er i{,BliRF 631 turns in the buffer fluid, The collected fluid will experience a net velocity
head, over and above the pressure generated by the centrifugal action of the impeller,
proportional to the square of the speed difference between the impeller and the rotational
20  velocity of the fluid mass at the periphery of the impeller. The kinetic energy of the liquid

in the pick up tube is converted to a static pressure over and above the pressure differential

that exists due to centrifugal action between the periphery and the inlet of the impeller.

A pressure differential therefore exists between the periphery of the impeller and

25  the inlet, which creates a resultant velocity along the radial passage 101. The pressure
differential created by the centrifugal forces of the radial vanes 100 are canceled out by

those same forces as it attempts to return via the radial passage 101. A net fluid velocity
results in the radial passage 101, traveling from the periphery towards the impeller inlet,
resulting from the pressure generated within the pick-up tube 103 due to kinetic conversion

30  minus frictional and turbulence losses within radial tube 101.
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resulting fromthe pressure generated within the pick-up iH@ﬁ due to
ki netic conversion mnus frictional and turbul ence | osses { n radi al
tube 101. 17 2 April 2004 The fluid then enters the secondary passage 102,
and is discharged into the annulus between the outboard seal M52
components and shaft sleeve 12 or sleeve 121, as shown in Fig. 3. This

di scharge displaces fluid within the annulus resulting in relative notion

bet ween the seat face conponents and the buffer fluid, helping to reduce or
elininate hot %ﬁﬂﬁﬁﬁena‘?‘i‘?ﬂgﬁ%‘i‘:% | RAGBET H}} ?‘Tﬁ%‘s §§§W3°éé‘3%ﬁlelaﬁmthl*ﬁ s manner,
cooli NG _@hrwlelPend Sitbodid SEPMER omfifithis BttP st Sldeld OB MR U AAS ! U drY

and external fluid circulation has cease eferring again to |1éls. 4A and
4B, thi s Fasfe@hiofistHaezei distdares dinidc aithinethé untilley reselihane edachy @otpdni cat i ng
the internal passage arrangenent elsewhere on the inpeller, such as 180
degrees OFfSEt theseihitaseompensats apd Hiedwifentiuid.dislping tovedtichgr eimipgbotangl e t ube

113 ori i S Cl i.n_a directio posi.te that of
nor mal rgﬁ&aﬁi%gwg%?ﬁ%u cgﬁlﬁn%pthgg%ﬂfa %Flgthvl\f Hameeﬁact‘))f)fénq {’}btﬁgéﬁ if%ﬁs 6% the seal
faces toceminhé st thodgh he p@MERds rX dri GNEESEnal HalddttNRicAfhad RBsegDt Or rotor. An

added benefit is realized fromthis arrangenent in the way of increased
circulation in the vicinity of the lower seal. In addition to the punping

action relatiyng to tube 3, ,the oppaosite facj tube 113, and its

associ at ed pa&%&&g, “EBioVi 'de> a5 %‘Eln ’itglﬁd*:i‘?ecbﬁé H’gdﬂ’fﬁnﬁﬁﬂ‘ calt feo Rt i ng

oper at i oRnfiadd Yyafiplidafing theantBSh FASEDALHEeRn: Elsthiafled LOM F-irhwﬂ@r, Lif. thereby
increasing the Circulation and flow of buffer fluird In the aréa around the
i mpel | er ahuB0 deljrees afifsett fporp vinpiish afréngdmendt Nardt freviding radsight tahsle pitekl 18p t ube
that is facing into the direction of rotation will wundergo a kinetic
conver si SHEPHRY it AR §7¢ fa5ie 11 » firecHien prAckijstbatpf sprmaheotatiop ef aclisl,

vard Y 68 PURid Sl Bt RELLAG e JAPARECK UBGhUDR, Bl S BE00 avay
fromthe direction of rotation wiil create ow, roug cenfrlﬁeugal

action, totaiontdfehe mget doadr. Aibddet bt lsyrealizedVabelShib Bearpembm ety wfy t he
inpeller, thus resulting in a circulation | oop. This phenonenon is
i ndepend&hincspsed girglation an theivicinity o the lawer ssalnInbaslditioh t¢ ik iperping tticaddi t i onal

ts of | t tely faci i ckup. tubes, f er.abl
o For i SARREIEHRLA o3 BpkoRA L B el Rl i e Rbisr s
i mpel | er caidfaps o6-finpiis tidrodhrhl 0Ysrstn the rARR ih 8 el BscBitYe 60Ad kBg, fluid

tube 113, thereby increasing the circulation and flow of buffer fluid in the area around the

impeller hub adjacent to pump shaft 1.

In other words, the pick up tube that is facing into the direction of rotation will
undergo a kinetic conversion that directs flow from the periphery of the impeller631,
inwardly towards the impeller hub. The pick up tube that is facing away from the direction
of rotation will create flow, through centrifugal action, from the impeller hub outwardly
towards the periphery of the impeller, thus resulting in a circulation loop. This
phenomenon is independent of rotational direction, and can be multiplied with additional
sets of passageways and alternately facing pickup tubes, preferably uniformly spaced and

alternating about the impeller.

This novel impeller-enhanced circulation flow can be applied to any rotating, fluid

circulating impeller, for promoting buffer fluid circulation near a shaft seal face abutting
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circulating inpeller, for pronmoting buffer fluid circul ati on ABAr2084shaf t
seal face abutting 18 2 April 2004 WO 01/ 25634 PCTI USO0/ 26898 Thi s novel

i mpel | er -glypagRd circulation flow can be applied to ORbAdsbgn9. fluid
circulating inpeller, for pronoting buffer fluid circulation near a shaft
seal face abytting..the hub of .the.i | er on_either or both.sides of the
I mpel | er. Valrsluliuastnioger%s"tmJ érillelf'ﬁe %egr?gf‘f’l%}méﬁ{owt(ﬁ% f)a shgcégowa Joig E)llmgkup t ubes
t hat accorphtirghirgelbst fonproaddtivig bier Shid citdutadon atar ashdfosyal fabediweteng | npel | er

peri pher d hub or. shaft reqigns,of .fluid.are within the sco of the
Pvent ;o kot MrdmRels 8h it e S9eSpriee Pharift ¥hieop 8 SeaReREe: | ng

cl OSﬁSt ﬂhg pisb@e\ommnb d pickiporbes thmtaecdnh:eislsg.&btamhamlersamls Iam(sjlﬂeﬁi&h neppt Ee

over hun | stanc et ween t earing and the.driven.lgad. As_i.s known in
Che. ot ot Ao Y il BB 8 PG PRI S UESE At 6 5Pl SlEhan: cal
seal to iavdn@ieati on between the inboard and out board nechani cal seals has
the effect of reducing shaft deflections at the outboard seal face, due to
the reduced cantilevered distance between the bearing and the seal,
thereby i nmpr oy hrdghes embodi@tAtef ithe/iQ %6, aRTImBIsE B¥Ehf GlosReto the bemp MOSt
bearings in dry rotor notor designs are grease |ubricated, so further
advant ag8oyed pte sh sealychayben, shorterine theovisthlpkfisiarce hsprasplrenpaite®dpeari ng

fromd hemgugaselohd! hd GARIMEA hE %,nﬁa&ilngihetm@d B Sarih @60 SdeERgr into the

oil lubricated environment of the seal chanber. For any given | oad and

speed, aifibesrd mealipriral seaddp a bnsationrigtwigen the igbparbidequthontd mecbaniepl gradsat er
theor et i gaknd defefs & c%g%ﬁﬁ%@ﬂécﬁ%{slﬁﬂee&t R dcQ0face, HOL B BEGLJUBG Pl acement
has yet a further advantiage according to the invention, as is explained
bel ow. |ganiilgveredadistapceahstveent thantedniag e themsenli dhreebyhémproning t$8al rot ati ng
equi pren il of ' | Ot rond ik t he
primary éggﬁg’gﬁesso# d[’ e em ogélcr;géﬁthggﬂgéeag@g% %gdgnﬁdéé}erﬁﬁ&?%gtgo pr% ong the
operHi i nigbricafed, wf firther adyantpgreist realinedttiyethisdispeng plaeeniest; thy mpying¥le t he ease
of mai nt.enance and redu t he,downti e, t erform mai nt.enance. en

i 1t enatea o ok e orioags CRHRS Vatd FolS e Bl el ARp e dEFL 40
bear i ngslubricari edéronmedit@f tha 36 bidmyber. Fof A1 rgiven toat epd speadyembil ubricdteir
inspectié)nk Th(ﬁr eforg a ﬁ(Pﬁsi gn that al l'ox}?ﬁ' ttshhe user 1to.rte ve. and install
bear i ng, Pe&ung il ram, goolrignd havsragreatey’ theoreiiael difs ban  egass; Ifyfcaied Pearine.

This bearing placement has yet a further advantage according to the invention, as is

20  explained below.

It is readily apparent and has been mentioned herein, that rotating equipment does,
from time to time, require maintenance. Although the primary object of the embodiments
described herein is to prolong the operating life of the equipment, another objective is to

25  improve the ease of maintenance and reduce the downtime to perform maintenance. When
maintenance is required, it often involves disassembly of the seals and bearings from the
motor assembly, either for replacement, or for inspection. Therefore a design that allows
the user to remove and install bearing, seals, and other rotating components on a single pre-
assembled sleeve, which may be referred to here as a cartridge assembly, will be of value

30  tothe user.
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assenbl ed sl eeve, which may be referred to here as a cartri dyePALIehbI vy,
wll be of value to the user. 19 2 April 2004 WO 01/ 25634 PCT/ US00126898

Referring w@amedyo Fig. 3, the non-rotating portion of pphgejcRbeard
mechani cal seal MS1 is nounted on the outer shell 661, whschgéggn be an

integral, or a separate part of notor ML. A cartridge assenbly is nmade up
of the rotating el enments such as the rotating portion of the inboard
mechani cal seBefeyimglagaipie Emﬁdﬂlbm-mm@nspomml of te mi)ola:mhaihamgﬂ s¢ahpel | er for

buffer flysd 1 el e used i ther
si ngul arly 63?&16%0%91% Ot‘deg%i%lT%e caIF}%rl d eﬂbélgegﬂz‘iﬂo); |§p %tgl G'ﬁgg such that
it can bengerdMiss eathlided assembly ieamid yp pbde tataing dleatenta smheﬂeheefomnn@d | ocati on

on thea s S vvhlchlsrl I.dl nmount ed | th shaft 1,
so t hgt gﬁl Ogognfgtgﬁgn@o Spnicdl; T @!ﬁg’ é%léqafdjlgeapﬁgér gjm‘)i(éha ’¥°é‘ AB&i ti oni ng
of shaft impdyer baff¢r§1uabmm|ahars et lén631 ke d@tkdnteiing@ked aﬂn&fsﬁngalaﬂyzve 12

agai nst chi.ne ul on sh e.a nynber o t andar d
machi ne eg;? gn- et ik %ﬁog@l Lﬁaﬁ'l'l‘ilgfe?ase yp‘f)é?st‘g“&‘ﬁf'ﬁa ﬁ%t‘ta‘iaPE’ﬁ PLY @ﬁ%‘?fﬁ%ﬂ al ong
shafts. Thd sasﬂp @nmuma ata p&ﬁhaelunea 16dafiNorDihe WBYft Déeve 12 Which is Higdipct ual

met hod used é’ﬁa{% omthe scope of_ this invention. \Wen the
sl eeve 12“?“& “"glb télﬁc%”PP&P?mﬁ"taf%‘@ 588 ng el ement of the
i nboarod rrechanl caI seal M5 1 wll engage the stationary elenent of the

Ms 1, that is nmounted in_the outer shell 661, with

i nboard mechapi seal
t he proper %ﬁeé’sﬂrﬁﬁ““@&& Hghaft fesve @ﬂ@&&‘é’nﬁhshcﬁ@értbf‘eébmémﬁ-@haped bor e

in outer shdfeditevbal aghifist @i Rachitb® WbufSy 6rh§1aﬁqar1fﬂ&& e{?@b.'%hﬁger JrQiABAq | ntegral ly
with and concentric to outer shell 661. plurality of passages V2 are

machi ned 72ehipg, designy msthods gitilgedoin pwewsearrpﬁgnmlmen@ alongr shafts. Thisits
| di d
ongi t udipa@bulthsthodSid Sibo §tw | Cagmsgﬁ %asemfk ﬁg{l{é@ﬁ%} ithd ﬁwﬁéﬁ (&1 oun

beari ng the inboard necha e sea Any air
or gds t rﬁé)fi’de%lsqoﬁe ?ﬁ"iblsswhn@héﬁhﬁ'@rﬂlwlfwwe bdis pisiperiy posttioned gn shafl é, ltlthr ough
these pasgg 1ARRAT r
conponents, ﬁ?e\égyfct% @u %@lﬁlﬁ% [ rr%elg'ji1l Mﬁ‘iﬁl%@g ﬂ%%%m% éiam%éggm ally on
shaft sl élweboml medhiagibal seal MSir, |1hat issmonnted tie checomten xhedil 46, with theghafet 1, such

that compression.

20 Bearing 3 will engage an inverted, cup-shaped bore in outer shell 661, herein
known as the bearing housing, formed integrally with and concentric to outer shell 661. A
plurality of passages V2 are machined at the highest point of the bearing housing, normal
to its longitudinal axis, such that buffer fluid will freely circulate around bearing 3, the
inboard mechanical seal MS1, and the seal chamber. Any air or gas trapped in the seal

25  chamber will be able to freely move through these passages, away from the inboard
mechanical seal MS!. Other components, such as circulating impeller 631, can be mounted
coaxially on shaft sleeve 12, which, in tumn, is mounted co-axially with shaft 1, such that
the entire sub-assembly can be quickly installed and removed from submersible motor
assembly M1. An O-ring OR1 forms a seal to prevent leakage between the inside diameter

30  ofshaft sleeve 12 and the outside diameter of the shaft 1.

20



the entire sub-assenbly can be quickly installed and rendwgdil2004n
subnersible notor assenbly M. An Oring ORL forns a seal to prevent

| eakage between the inside dianmeter of shaft sleeve 12 and the outside

di ameter of the shaft 1. 20 2 April 2004 The type, nunber, and geonetry of
various cartridge elenents may vary with design and application- This
enbodi nent utilizes a seal, a bearing, and a circulating inpeller, by way
of exanple only. Qher types and conbinations of cartridge elenments can be
used wi thout detracting fromthe unique application of cartridge assenblies
and shaft sl Emvope,i mntes aaiésgegmet&ndf NEiaus eadridge démethmey eyl withot or s.
Referring 1ggemflc Ilg ﬁ@F%%¢ ? n arged view of the dotted |ine

regi on ofesERAndzapplicahgR-g g IH‘E‘?ta‘i‘t thzeseg seplp@ bralRgng HFrEngart ri dge
uni t des s S I in the
out si do. RSt 2 Vg ELpaE Sply0Rer BhARKE ol HRE GARSEMISE

per pendi biibsed withtiit, deanding tfrom ihBanludlaﬁilﬁﬁtﬁﬁ dl anfidget henbliagindutiaihal axi s of
sleeve 12. Snap ring SRl is assenbled into this groove, the |ocation of

whi ch wi $i¢eves 18 therdesiemand maintenangseyd Setmsriigmetos he remai ni ng cartri dge
conponents. The rotating elenent of the inboard mechanical seal MSl is
assenbl ed coaxially onto sleeve 12 such that it abuts snap ring SRI.
Bearing 3 is REumhesheedRNiyab Fz. 0MarSdn@exa view SURNJdHRAind fegioh Of Blcl 79 | Nner
race abuts the opposite side of the snap ring SRI. Buffer fluid

ci r cul at pragidésmperie| detailoBdr the assawbint fdhe oakidgé hyit descgbelf 4bosé, abare is1?2 such t hat

it abuts the o 03|te si de f the inper, race bearin The sl eeve
and t he &P%ffe u‘f?P%fi?trffﬁl ethg | outsis dé"f“éet‘?rd%fé}‘%f%j siggvet S'é‘i%'a‘gf titwhen the
motor i SeebHNRbRGe pdhGRuBE Gith aaurgpsﬁmmn Qﬁéh&rhkﬁ{g?ﬁﬁe'l&% (ﬁ gap be
utilized in p05|t|on|ng rotary elements al ong slFeeves. e sfeeve groove
and snapsledva 2. SRip firgg SH1oswassanbipd itolis gayve the lecadiomdfevhichivell dixtatsthe et hod

used in no way detracts fromthe scope of the invention. The invention is
suscept | B1%8 ROFitiARAY of b riabHes carfrisies cemppnicats: The refaiie epmsbel the
pressuri i%&@&e&ﬂ%cﬁ @a% 1%5 %&é&ﬁ!&’k&@ﬂﬂ%ﬁ&%{é@&%f@% R?t 1‘?X1§u“r‘s”

provi di ng a notor ressuri za fer fluid

supply angp skﬁssdaﬁﬂg Be§ Qfo‘dﬁbd coaxiBllk Hhaldeed 1 2kudh thatg&e;rotaﬂﬁgmf fhc& han the
seal chanber so that the net | eakage of buffer fluid is always outward

t hr ough atts ipabpostegids offthe mnapotieg SBhahiider fwd suellatingamipelier t6g1 gainp.

mounted coaxially on shaft sleeve 12 such that it abuts the opposite side of the inner race

of the bearing 3. The sleeve and the elements mounted on the sleeve are rotated by the shaft

when the motor is running.

There are a number of design practices that can be utilized in positioning rotary
elements along sleeves. The sleeve groove and snap ring SR1 is shown simply by way of

example. The actual method used in no way detracts from the scope of the invention.

The invention is susceptible of many embodiments. For example, the seal chamber
pressurization and pressure reservoir enhancement can be extended to providing a motor
chamber pressurization system with its own buffer fluid supply and pressure reservoir,
maintained at a higher pressure than the seal chamber so that the net leakage of buffer fluid
is always outward through the shaft seals, from motor chamber to seal chamber to pump.

Alternatively, the seal chamber pressurization and pressure reservoir enhancement can be

21



Alternatively, the seal chamber pressurization and pressure 22282004 r
enhancenent can be 21 2 April 2004 WO 01/ 25634 PCTI USOQO' 26898 extended to
provi de awoassa3si zati on systemto additi onal nechani catt/osml6eses hat may be
added for additional sealing protection, each with its own pressure

reser voi rextendedrd qirm aapresmbdtghaystm &s addittonblh@echbdieal gadlethaiama@ by i r onment ,

such that A se ht. fai thout permtting the ed fluid
to gain e?ggre&sfg dgﬂ’to ds 'Pﬁﬁ? °§‘é‘h|ea°i‘ﬁ’5%§r°wnp Sf"ﬁ%’if@‘ﬁ“f‘ E’aﬁlrt"r“??g rt shows a
strong praehighee Meesire rthan the rekieeral eﬁ)ﬁioﬁﬂbra]l bwR it amptsﬁtrgle S84E nightd Fail and
vertical shaft, the inventi Les to apd facil tes use of horizontal
shaft sUBHEHIERE mﬁd’?ﬁa‘%"‘\ﬂﬁ‘gﬁ‘é‘g%@f’bﬁﬁs&f" © ¥k Yanpl e, there is
withim the scope of the invention, a subnersible m)tor and punp assenbly
consi sting of or and not or hou3| ng, the_ notor hayi an _out put shaft,
and a punp anéﬁbﬂﬁ% BFORTST A Shavfe ﬁ?ﬂ%l’fﬁ%%?%@rbé‘?rﬂij‘ BRFHABICE 861 £ he ot or
housi ng ek gult® 2R FRISEERE, BE indemRiocRYppiRe toiali PAttlitfebakst of HéiBbMal sBaf@ I enovabl e
shaft sl eeve _non- rotatably nmounted on the shaft. There is an inboard shaft
seal pr oXFhratEble REMBLYRRe anprapRatehe rot ary conmponent of the inboard shaft

seal mounted on the sleeve. There is an outboard shaft seal proxinmate the
punp, and a seal chanber interspersed between the notor and the punp,

wher &0 he seaPs m&%&e&ﬂt i within thesgeppe of thetipventignp ppthmessitlemp9Ees of t he
i nboar d ﬁ?éﬁmﬁ d&sﬂﬁg Hf?ﬂl@{oﬁjm% btor B&fRtng, t}[@ﬁioﬁ)? vit @ REdw char ged

with ab essure at east equal to 't pressure external
of the nwshalk anthd qymmnémbﬂlqusmg, thheuxmrhkmsn@ bzmrmt@nmctqdﬁe q@mmptor and the

buffer fl hi E&(‘%‘:ﬂg )}%![ ;g_lr%ﬁ)gl}qe&lgc%rpf 19 gggl{e obthut s:.lr-lgﬁrﬁ‘leﬁ‘esxs g ré'g&uabl(é Qﬁiﬁ){}éeve

pressuri zati € pressure reservolir egral to the
not or andlommmatax senikd of tire shaft.nTieraisrag mboapbshraft isead pprxésgel the motadi ent

V\Athl t he, s chanber across.the.s t b .a_buffer
flui & Ci rw(,nﬁllig F% |°%B?qe§r°f\?\ﬁ§‘f I"Ptbgarf;esp‘ﬁ)ﬁe 9103%81 & ﬂﬁbS?eeY(h herﬁel? f"?)her y being
of si gni foutbast |skaft aéag@roxdnz&meepmﬁﬂ)and tar@alhwambwhﬁteapbxbai bemednl the i S

nount ed onthe | eeve thin the s chanher | ut board shaft
seal or a'xe pump, where the seal chamber con.gstsn?np ?t)ﬁec amber sxge aces o?

the inboard shaft seal and the outboard shaft seal.

20 The seal chamber charged with a buffer fluid under pressure at least equal to the
pressure external of the motor and pump assembly at the working depth of the pump, and
the buffer fluid has dielectric properties. There is a seal chamber pressurization system and
at least one pressure reservoir integral to the motor and pump assembly for maintaining a
positive pressure gradient within the seal chamber across the shaft seals.

25

There may be a buffer fluid circulation impeller with a periphery and a hub, the
periphery being of significantly larger diameter than the hub, where the impeller is
mounted on the sleeve within the seal chamber proximate the outboard shaft seal or some
other seal or adjacent component needing additional lubrication or cooling. The impeller

30 has at least one internal passageway connecting a rotationally normally forward facing
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ot her seal or adjacent conponent needing additional |ubri cat OpfilgP0% ool i ng.
The inpeller has at | east one internal passageway connecting a rotationally
normal |y ™maraased4facing 22 2 April 2004 WO OV25634 PCTe&G06026808 | nt ake
tube on the outer edge or periphery of the inpeller, to a discharge port on
the hub dftaketrite onnipedute? edderop perifites of BR iRpdlleAad ddisdhalct p&@ ah thethi® ohUb bei ng
of snal | &l di ter.tha thtg Eeri pher%. The .seal chanbers within which the
i npel | er & S BPALE PIOxigAs g guiposyd shafl seq); the hpRubringef spgllerrdiampra shagtioar d of
the i npelpbpheryt Tt saal ¢ha@bére MitRid viichaBe frPelldyBta0d) Maf BR radia§ti¥nteid] acent

the are of rgltation of t?e intake tubes on the inpeller. As yet another
exanpl e, S81h&angss spboasd of Fie impelles: thefrargaxiented so a3 do Ao Mivesdss BP®YY not or and
punp assadideyit the 48 offdtaB¥h 61 théintake ML YnaRe Rpeliddt €9r al pressure reservoir
comuni cating with the seal chanmber so as to naintain a positive pressure
gradi ent during punp operations, where the seal chanber pressurization
system has a £apaGhdtierfeRimfléllehfbdimdehtd lof e @K EESRayOhellidles HhidiRiLl fluid
calculated to he |ost due to |eakage through the shaft seals during a
peri od ofoHE aRE| PusPepssembly, voth amextemelly menpted @rpntagralepiossyre ©Eeveqir

erbod! e Birim Hicdie widd MR/ QR sd b G 3 JORRE b BRAGH Al PUMP
assenbly with a nultiplicity of pressure reservoirs connected to the seal
chanb@r  pes gppratioas.ivdwresthe seahchambes pressunfation systeal has andapaciie forHmifior essur e
reser voi Wi S . [ [ Y,
provi di ngmg@%%t@génsﬁfgfe Iq?/) n%nogg@ldo%gcﬁdaéfeﬁg%gﬁab%?%f Feb%%g%e %%%ggt%%%{di ments may
have a seéals dutiegvbpariodhtmemalvpeiatioreofitir metor dnd pempesserlyl | ng ext ends upwardly
away fromthe inboard shaft seal, thereby providing a limted volume wthin
t he seal chanber for containing gas that nay be trapped or accunulated in

t he seal charber, enatiodimivatseftieinkeitigh magfinddde a submansitleshabi aseglmp so t hat

t he atas%n?%is £Imer e&i i.n buffer fluid, Further ‘gnbo ime%t have

i npel Ter &Wth PeBSHPIHE PHPESHET FRut SARRFeted JAnte t5%ig© ational ly
nor mal | ypessarxiog sysea s0Gs ¢ EebavcdliCenltPfd thOfreishie reevoR aiayitt, uch abwp i nt ake
port on the t]ub, btb‘EéJs roviding a return path for fluid circul ation between
t he hub SBYFd ‘Hért E'r@)Bﬁl E’@’Pﬁn%""tﬁ‘fimﬁ R&@OteRtstly fonger opgrational cycle.

Yet other embodiments may have a seal chamber where the interior surface or

20  ceiling extends upwardly away from the inboard shaft seal, thereby providing a limited

volume within the seal chamber for containing gas that may be trapped or accumulated in

the seal chamber, at above the height of the inboard shaft seal, so that the seal stays
emerged in buffer fluid.

25 Further embodiments may have impellers with at least one internal passageway
connecting a rotationally normally rearward facing discharge port on the periphery to a hub
intake port on the hub, thus providing a return path for fluid circulation between the hub

and periphery regions of the impeller.
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2 April 2004 WD 01/25634 PCTI US00/ 26898 Sone embodi ments may?2 PREIZ0G4
integral pressure, fluid |level, or tenperature sensors, in conbination

w t h shut vaj §iz26@ft rol s of various kinds. Some may incl ygfuSdogésed |ines to
the surface for nonitoring by an operator. The scope and nature of these
sensor and contgodle &MBIM@ATd MmaPahdludeNBeEHl QRAskd AP I&eB kil ffferiiret he art,
and can be readily adapted to invention. For exanple, there rrzé be pressure
sensors f or SS8¥as: it fmPastiop vatslmicofbpontrpls oF ¥arjous kinds. Spwamayinclulswignald t o
automati ¢ npiQko Mb Wil i‘orl;b%'ﬂft(?ﬁaﬂlgfbyfaﬂ B]I:aéiiﬁé’x?ﬁcvs%&ﬁerhﬂd hilfire oPHIZR: WAGPadane

pressure in the seal chanber S below the priessure external of the notor
and punp as%#pl ystems foveti ungerdiopd 9, thoph iskillesksia dheenst, indl qan be reedifyaadaptbdito t her e
i's a positi¥GentiBh CPSULEHATHED tmed 0 €, r SQEE toall
times that in%nl 1biﬁt_s t%_e rngr eegs oa?c%nééss%rfﬁg%}%e isgalor %?Jr;sﬁgs h&r and
vari ous enbpdiswsrdiffergntiahi ¢pupleéd te euipmatet mptoe shutwdhtdantols ot Hedodvatingm dhiel y

apparent to Jn!{]&%ﬁ Skl Llogd I j ption,
appended dr%vvl ngsen anhllet hreellg lﬂ’éﬁ@%n%l %P %‘g{epf%gﬁ%gqu tﬁ‘*g’i"'sgﬁig’?‘?’?ﬁg’égﬁ%w
01/ 25634 PCHd(RSEGIseE8YR aClvaiking depthn ghio wssucss ai pertieula: that, theke Subpesigied| e
notor and p . risin tor [ i.n ai-d not or
naving an oPauEIRREA KuE 8 T AR BBl ATt g0 s e B B
connect 8@ t pungwmd drwdirer flhidusi ng, said punp being driven by said output
shaft, a renovabl e shaft sleeve nounted on said shaft, an inboard shaft
seal proximate said notor, the rotating conmponents of said inboard shaft
seal mounted on Gihérchnd lvagsis, entbodia¢hts Gathih B8 3ddpe d€8le ipveniomailebsradilypunp, a
S AN ohdbhiSh L S tE WS oS8 & R bR oS o RS

and the claims that follow,
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conprising in part the chamber side faces of said inboard shaferi28af and
sai d outboard shaft seal, said seal chanber charged with a buffer fluid
under predQHEsEE | east equal to the pressure external poffusiaizéosiot or and.
punp assenbly at working depth, said buffer fluid having dielectric
properties, ChARBMS| chanber pressurization systemand at |east one pressure
reservoir integral to said notor and punp assenbly for maintaining a
positive pressure gradient within said seal chanber across said shaft
seal s, a bufeng durgiaithsarer cul ation inpeller nmounted on said sleeve within
sai d seal chanber proximte said outboard shaft seal, said inpeller having
at | east one internal passageway connecting a rotationally normally

f or war d F acl.dgsubmemibée motheand puinp a@sspably phaprisicgf said inpeller to a

di scharge port %r}ngthe Qubt 0}1 sai d ijppell erwgroxi mat e sai d out board shaft
seal, and a nul*fTPri%Er YD O?Sﬁﬁiséfﬁot?ﬁ}fa@ BYOUPYSHAL: £ | anges in said seal
chanber out boar & mimp adipimiprHd@sihg fsaid Gaspa@gsndionsétted tb ls@dRFoREAGy, Cl Osel y
adj acent the.arc qf.ratation qf sai i ntake tube. 25 2 April 2004 WO

01/ 25634 P(fﬂ‘%gﬁt?%f%’g ven by gaid opwEt e e ot or and punp assembly according
to claiml, saidrah@sblskafl hees Mbirted mAAMERiCat i ng with said seal chanber
SO0 as tf mai nt ai n.%ai gﬁﬁf&fl tive pressure gradient during said operation,
said integral s@inof; segl nsxdigate sAE MOIoT LR rRHIEOMPPILRSRY stid inbagdci ty for
buf fer fl ui dhatt feabXE@R& A safiéfeBye/0l UMe as is calculated to be lost due to

| eakage through said shaft seals during a period of- normal operation of
said notor and pBuRpboad shafisea) progimate seidimpsi bl e not or and punp assenbly
according to cl ai i r . VAl T bel

ol 1 pl 10ty of By hehaeR ek el BO5 A sl SRERYAN ol
pressuri zat4ompnsing ingrrt tae chamberlside feebhbfsaidontonrdahaft seeirmpd s ewtbéayd shafior di ng
to claiyg 1, .tihe;d ri : i d r_extendi war dl y
away f rfogm ssg%l Hgdll% oagr": féa%gq?g? IEAE% gg‘ﬂa{ ¢ ﬁgﬁ%rb@’“ﬁ%%%c\iﬁ? g?eﬁsg © gtelr'?sﬁle?ueag%vgﬁ%une

wi thin sai dreseat extaaabef saidmowortdipnnp gssgablyad oxoekitgdeptieisgidtbufer Seidd

having dielectric properties,

a seal chamber pressurization system and at least one pressure reservoir integral to

said motor and pump assembly for maintaining a positive pressure gradient within said seal
20  chamber across said shaft seals,

a buffer fluid circulation impeller mounted on said sleeve within said seal chamber
proximate said outboard shaft seal, said impeller having at least one internal passageway
connecting a rotationally normally forward facing intake tube on the periphery of said
impeller to a discharge port on the hub of said impeller proximate said outboard shaft seal,

25 and

a multiplicity of radially oriented stator flanges in said seal chamber outboard of

said impeller, one edge of said flanges being closely adjacent the arc of rotation of said

intake tube.
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i nboard shaft seal. 5. A subnersible notor and punp assenbl y2 Apil@d84ng to
claim1, further conprising notor cooling passageways in said notor

housi ng, said notor cooling passageways comunicating with said seal
chanber, sai d i rrpel | er providing pressure for flow ng said buffer fluid
t herein. Qr prersi bl e notor and punp assenbly acco% quh&9§| aim1l,
sai d inpeller urther conpri si ng at |l east one said intérna passageway

connecti ng n rwar C d| 5S¢ har ort .on said
peri phery tg é%hﬁ%ér?ﬁ@ r{}aeéorp%r tpumﬁ agsgmgﬁ" H’lu%orgjmgi% A‘Iﬂsu msr 1% ﬁ‘t“(’)("r*1 and
punp assenb IcgmmumcnmIg rvgitht saidcdeali eharhperfsaras he mainteip sdids ponj;wermme feeadienensi ng

pressure in said S& chamber. ensin pressur e external of
Do motor | Sidiensif 3D RO iplER] Seal iR e o DR Mo e H toane
for deacti vatpamgz &abmfferrﬂmdrm ehvess afandh VIbhﬁ&SaHIisa:alcﬂIa&:dltcdbeslealdue faledkage fal | s
bel ow sai.d xter of said n SS. at morklng
dopth 55" APEORRRE FhSE ot D oL SR e R of SR onke A BB

not or hou3|agmnma1d not or havi ng an output shaft, a punp and punp housi ng,
sai d punp housi ng connected to said notor housing, said punp being driven

by said output shaft, an inboard shaft seal on said shaft proximte said

motor, an GuAbﬂﬁ:ﬁdﬂsﬂSiBﬁfotor&ﬁﬁbuan’bsﬁe@dE@ &bafiing By MR bLd Saeast cmdliﬁ&,sswe seal

chanmber inters d bet said notor and said sai d sea,h hamber

conpri sing f® %EFt “Phe? eﬁﬁ?@@w ECSPHE dE5°0PS &P eF‘H‘Eé%rsaldsT?é‘rP & and

sai d outtboapgssusibaloh sseal., sai d seal chanber charged with a buffer fluid
under pressure at |east equal to the pressure external of said notor and
punp assenbly, said buffer fluid having dielectric properties, a seal

chanber pregsArsuBALLiBR st &H‘p’ﬁﬂﬁi a;asen{bﬁa&t:maﬂg (LIRSS I Be LRGRE ¥@Edee bt egr al
to said notor and punp assenbly wherei'n said Br essurizatjion system
mai nt ai ns a $aid seal chamber extending upwardly away from said inboard shaft seal, thereby providing

a limited volume within said seal chamber for containing gas above the height of said

15  inboard shaft seal.

5. A submersible motor and pump assembly according to claim 1, further comprising

motor cooling passageways in said motor housing, said motor cooling passageways

communicating with said seal chamber, said impeller providing pressure for flowing said
20  buffer fluid therein.

6. A submersible motor and pump assembly according to claim 1, said impelier further
comprising at least one said internal passageway connecting a rotationally normally
rearward facing discharge port on said periphery to a hub intake port on said hub,
25
7. A submersible motor and pump assembly according to claim 1, further comprising
means for sensing pressure in said seal chamber,
means for sensing said pressure external of said motor and pump assembly at

working depth, and
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continuous positive pressure gradient within said seal chanbApri@d84s said
shaft seals. 9. A subnersible notor and punp assenbly according to claim8,
said integral seal chanber pressurization system conprising a capacity for
buffer fluid in excess of such volunme as is calculated to be |ost due to

| eakage through said shaft seals during a period of normal operation of
said notor and punp assenbly, said pressure reservoir comrunicating with

g o eh _Sal : res ; !
said operati on 1S S Serk e Beled AofBheGald bt SuRLEE S Sl BBkl e "9
claim9, Spldly adid bRasire efternaPsRARHEoF Wap hsse@bRat Jvdikink idepthCi ty of

pressure reservoirs connected to said sea chanber pressurization system
27 | 2 April 2004 11. A subnersible notor and punp assenbly according to

claim?9, i nper surface of, said seal chanmher extending upwardly away
rom sai d o ACBRPPrEpS O PURASRYPTS CGPPETNG a | m ted vol ume wi thi n
sai d seal chambghfPhindRBiRhBLS ,g?&%ﬁ&@f’ﬁaﬁ@ar}ﬁiﬁfl%at@f sai d inboard

shaft seal. 12. A subnersible no and punp asse y according to claim
11, further corppusp agd pamp lbhsng, fdaid phrop houding camectoghed bad moinh@dingn sai d
shaft within said seal chanber, proximte said outboard shaft seal, at

| east one SBSREYRORINE diives by seid tpyhsartter connecting a rotational ly

normal Iy forwapd. da¢k .s%ﬁacﬁnesaﬁ‘ SaR i&%te%ﬁ{drﬁgt% y of said inpeller to a
cﬁag %&gﬂ o]T m%e? er p E

di scharge port on sal roxi mat’e sai d outboard shaft

seal , and a muldnigutioatd shatfseslaaisaid shafhiddimed ssidgfuaip, f | anges in said seal
chanber outboard of said inpeller, one edge of said flanges being closely
adj acent the araseakchagibat ingassnstsed dietveeh seidicaotorid saiBpump.saishieek¢handenpt or

d mbl y . i Si ' d hous,i i mt hayi
an out put SRETEES TGS R a0 fePngr TRa et el At BRI ORE t o
sai d not orshARYSdINghid sGRcRarbETRhRGEMith 4 ¥effert¥uid AhferQitbfbie fhadst equal to

the pressure external of said motor and pump assembly, said buffer fluid having dielectric

properties,
a seal chamber pressurization system and at least one pressure reservoir integral to
said motor and pump assembly wherein said pressurization system maintains a

continuous positive pressure gradient within said seal chamber across said shaft seals.

9. A submersible motor and pump assembly according to claim 8, said integral seal
chamber pressurization system comprising a capacity for buffer fluid in excess of such
volume as is calculated to be lost due to leakage through said shaft seals during a period
of normal operation of said motor and pump assembly, said pressure reservoir
communicating with said seal chamber so as to maintain said positive pressure gradient

during said operation.
10. A submersible motor and pump assembly according to claim 9, said at least one

pressure reservoir being a multiplicity of pressure reservoirs connected to said seal

chamber pressurization system.
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an inboard shaft seal on said shaft proxi mate said motor, aARilZRe4rd
shaft seal on said shaft proxi mate said punp, a seal chanber interspersed
bet ween said notor and said punp, said seal chanber conprising in part the
chanmber side faces of said inboard shaft seal and said outboard shaft

seal, said seal chanber charged with a buffer fluid, a buffer fluid
circulation inpeller with a hub and a periphery, said inpeller nounted on
said shaft within said seal chanber proxi mate said outboard shaft seal

said inpeller having at |east one internal passageway connecting a
rotationally normally forward facing intake tube on said periphery to a

di schar ge Idovt submegsiblg motor pnd pumptassenddy decadibgde dlagh X t arsmkr swafide 28 2

April 2004 nul.ti.plicity of. radially oriented stator flanges i ai d seal
chanber o B Rmogh chtepipe Herert B duoiay i ibonrd, ABE sl iSiebvac y
adj acent tﬂ?@vidfn? OMmited d61uRR withiS 84ifl sed] thalBer #P ontdihing a3 WPBHE Belefshiot OF
and punp assenbly according to claim 13, further conprising a seal thanber

pressuri zafiseid isBosrdshafirfgalat | east one pressure reservoir integral to said
not or and punp assenbly for maintaining a positive pressure gradient within
said seal chanber across said shaft seals, said integral -seal chanber

pressuri zai ansuby@isthle ndesind Pung adsepeRaédoydih®to Ebibd €1, fitthdrdomprisxgess of
such volune as is calculated to be | ost due to |eakage through said shaft
seal s Wuring a aJaHiesdlugt ciradation impellerimermtest on; said shat withinggail spghehambsanbl v,
said pres ' ENeGAt i ng With said seal chanmber so as to

mai nt ai n ?él?’g“%ge??‘ﬁ/@etg%ﬁssuréggr adi ent during said operation. 15. A
subrer si bl e notabdeaandng pageagesme nbithin saiointheligr tennetidigr tdatiomilly normelly er

: oiemndne) _ _
"ot at 1 onall PSRN iske i anhe PTG oh SEHE GO WA RIS BBREb y o

a hub i nt )¢8aiRGMmbeiR? ppRlifalrURidyRydBRiB SR anput board shaft seal . 16. A
subnersi bl e notor and _purrtpi| assenbly conprising a motor and notor housi ng,
sai d 8t or havianguliiplioiy ptiradilyfarjentedtatpr Hangep impaith se ichgmberadudbgudnof
housi ng Cosgﬁei%p% ert, Oné %('ige o éa?c[ ﬂggg%glb@gfg closely adjacent the arc of rotation of said

intake tube.

13. A submersible motor and pump assembly comprising

20 a motor and motor housing, said motor having an output shaft,

a pump and pump housing, said pump housing connected to said motor housing,
said pump being driven by said output shaft,

an inboard shaft seal on said shaft proximate said motor,

an outboard shaft seal on said shaft proximate said pump,

25 a seal chamber interspersed between said motor and said pump, said seal chamber
comprising in part the chamber side faces of said inboard shaft seal and said outboard
shaft seal, said seal chamber charged with a buffer fluid,

a buffer fluid circulation impeller with a hub and a periphery, said impeller
mounted on said shaft within said seal chamber proximate said outboard shaft seal, said

30 impeller having at least one internal passageway connecting a rotationally normally
forward facing intake tube on said periphery to a discharge port on said hub proximate

said outboard shaft seal, and
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sai d punp being driven by said output shaft, an inboard shafdAR#2p04

proxi mate said notor, said shaft seal including a rotating conponent, an
out board shaft seal proxinmate said punp, a seal chanber interspersed

bet ween said notor and said punp, a renovable shaft sleeve nounted on said
shaft within said seal chanber, said rotating conponent of said inboard
shaft seal nounted on said sleeve, and a shaft bearing and bearing support
structure within said seal chanber, said shaft bearing nounted on said
sleeve. 29 2 April 2004 WD 01/25634 PCTIUSOQO 26898 17. A subnersibl e notor
and punp assenbly according to claim 16, further conprising a buffer fluid
circul ation i npeiudtiplisity lof madialyosendd sthtanflengesdnisaidi sepledtasbenouthbard ofn

351 o e ek Bt o TR ORI e g e
peri phery, in&ke@benpel | er having at | east one internal passageway

connecting a rotationally normally forward facing intake tube on said
periphery to a discharge port on said hub proxi mate said outboard shaft

seal, said a r | Qur | ltiplicity, 0f. Ladially.oriented
stator fl a%%gégugﬁﬁ%@?cin cggpédadl kg‘m‘;ﬁg arrs\p%élﬁjplgr ,cg%rlq{enggtagcial 13, Syrher POmBEng ai ng
cl osel y adgeal etiimbich @raxs@rition @yabinoihdodt 18&t dnk Hrédstre febdd@oir 1RegrAl to said
subnersj bl e notor and punp .assenbly according to claim 18, further

conpr i & ngmotesaad PEREl dsFNRlE JenFeiiyiBe R ReSEVenRReS U Bag ot Withel shidrseadr
orovi dng SPaRel B AT hER Lo, Weld imfufh PR, SRR Chresshetidy Bk
submner si bl @mywisorg acgpagityfor &effenfhii imercmlsdbﬁgmhomhimé a8 ik Qalcalated to pdbster
Fot at § onal 4 ToAkaRy (ousBripis altoadls ifios & BRAG S HoMEl SRRSIAROINER BRIy 1 0
a hub i nt ad¢R RRY asRENBIB! shid PRssure reservoir communicating with said seal chamber so as

15  to maintain said positive pressure gradient during said operation.

15. A submersible motor and pump assembly according to claim 14, said impeller further

comprising at least one internal passageway connecting a rotationally normally rearward

facing discharge port on said periphery to a hub intake port on said hub proximate said
20  outboard shaft seal.

16. A submersible motor and pump assembly comprising
a motor and motor housing, said motor having an output shaft,
a pump and pump housing, said pump housing connected to said motor housing,
25  said pump being driven by said output shaft,
an inboard shaft seal proximate said motor, said shaft seal including a rotating
component,
an outboard shaft seal proximate said pump,
a seal chamber interspersed between said motor and said pump,
30 a removable shaft sleeve mounted on said shaft within said seal chamber, said
rotating component of said inboard shaft seal mounted on said sleeve, and
a shaft bearing and bearing support structure within said seal chamber, said shaft
bearing mounted on said sleeve.
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30 2 April 2004 SUBMERSI BLE MOTOR W TH SHAFT SEALS ABSTRACR Al 20f4

DI SCLOSURE A subnersible electric notor driven punp includes a notor
chanber and a punp chanber separated by a seal chanber. |nboard and

out board SYRAMY258éals (M1, M52) inmmersed in an oil buf PETUSIZE8 Wi t hi n t he
seal chanber restricts the flow of liquid fromthe seal chanber into the
punp and notor chanbers. An integral or externally nmounted pre- pressurized

buffer fluidyr ' ' ' L4t f 1 Ui f‘%ﬁ . 1.0 .the seal
chanber rel gi'iﬁ\eléﬁ’gn \égkl:{l]%&gf)%‘% e]rggngtpﬁpgérsg%%% g&gétdm\%?ﬁllajr?gh%ept ,§§6é}£nﬁ1 Sﬁlgiant ains a
sui t abl e bubdféer flufd eicdlati@vielpellért within sdid sk alambera sddd impeller oowhded dnosajsr event

t he ingressslggve.t he punped nedia through the outboard seal (MS2). A unique

i mpel l er design (631) circulates fluid within the seal chanber in the
region o% the outboard shaft seal (MsS2), allow ng continuous dry run

A cartri dge s ehantouie /aet BEL e Ayt h S b E et 17, i wlR) A5 O
bet ween t hecirqulation tupeticr auripviemec hbwemds: ebdphely, shiBdppelfeabating att lesst one
mai nt enanceinte'?rlla?‘pas‘g’ag?’e\%ray connecting a rotationally normally forward facing intake tube on said
periphery to a discharge port on said hub proximate said outboard shaft seal, said seal
10  chamber configured with a multiplicity of radially oriented stator flanges outboard of said
impeller, one edge of said flanges being closely adjacent the arc of rotation of said intake

tube,

19. A submersible motor and pump assembly according to claim 18, further comprising

15 motor cooling passageways in said motor housing, said motor cooling passageways
communicating with said seal chamber, said impeller providing pressure for flowing said
buffer fluid therein.

20. A submersible motor and pump assembly according to claim 19, said impelier further
20  comprising at least one internal passageway connecting a rotationally normally rearward

facing discharge port on said periphery to a hub intake port on said hub.

25
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