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quite significant as the notor size 30 increases. 1 WO 01/25634
PCTI USOO' 26898 Dry rotor designs have segregated notor and seal chanbers

15 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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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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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 fluid and the critical seal surfaces.
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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, settling 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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20 Regardless of how well designed a piece of machinery is, all machines with moving
contacting parts, are subject to 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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15

A further object is to provide an environment whereby the submersible motor is
able to operate dry for an extended time period, without damage to the seal or motor,

regardless of the rotational direction of the motor.

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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the inventio

, .a sybnersib)e tor with.an [ nternal iopeller to circul ate
a buffer | qhieFRtIedas it%@hwr?@hereswaﬁwraﬂﬁ&msatféam%wg ¢ dgptor -

tri . . js Es i . i i f
the Mok on it ke e prEAEER Tt liesctil ® pepletief SRS IS 2
sedl5 alost duhingmotmal opletion. 15

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 illustration

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



Figs. «4A 1ABsdepi ct details of the inpeller design ref ?&’iﬁ@?&/ﬁséén figure
an

3. Figure I's a parti aI sectional view of nmechanical face sea beari ng
ar rangem t i _ , ge out of the seals and bearing,
whi |l e rwgif]?.{g%g Bt yio) etFeT2d Y the seal faces, due to radial

| oads, and reducing the overall radial |oads on the inboard bearing. 9 W
01/ 25634 PCTI USOQ 26898 DESCRI PTI ON OF THE PREFERRED EMBODI MENT There are
t hree princi pFg. élieamotmbimtion sextion asd diagtdnengticefiewrofd prefoned embodioknt
subrersi b not Qr -driven punp. There is a |nte raI nount ed

pressuri QQ%O‘HV‘?‘%‘?& Aol m% ‘ggeﬂe‘itﬂc SR ia/Y %bWP@PW"é %t or of
the gy [l sbi §s9régzﬁb 4

hi gher tha#?%lﬁat |[i?%u I nHt %%@%ﬁ%ﬁ%ﬁ%@h@?c&%@g@sﬁﬂ%@?%ﬁmﬁ tl? (fe th of
t he punpmoidraca chambeai bl e not or i ncorporates a renovabl e shaft sI eeve or
cartridge-nounted | ower bearing and upper seal assenbly, which facilitates
installation and renoval of both conponents, with the bearing | ocated

bet ween the i 4 Q;m; ' %hm onto this
renmovabl e sl eg egl ésja g&ﬁﬂ%glue Ci rcdgd‘{é?ﬁ%@%e%rpmerfﬁer az;?lf\{f)dfiri:t‘ngglidd| tionto

inparting centrifugal punping action for the purposes of notor cooling,
converts kinetjic energy . into fluid flow that sinultaneousl ¥ circul ates
t

i qutl al ong Fignd israpaitiaksegtiend yieweefoanothgr pwéersqdmb@mrgo h@énmyiom | owi ng
the not of lﬂné ledthto; Qfith aﬁ%{lt@ﬁxﬂ?%ﬁeﬁlgﬁo nl% bl}f?er-ﬂaﬁi%ef F fﬁr Wh' ch
can be app cf I'ther separa n co |nat| on, defThes as (1)

a pr essufrotdtandnhe e@eung thi sedl amg:rgalaksenimjd nmﬂmﬂactrbulm SEglTRY alh&ﬁarfdr om a
subnersible notor; (2) a conbination centrifugal and pitot tube inpeller
for bot heeadiwgiof shrameshgnisal sealowithip the ansulusdomieddry theinuttioard mpehagicalsssal (3) a
| ower er seal assenbly 20 cartri dge nount ed on the notor
shaft su%&d‘tﬂgﬁ&%s‘ﬂg ower bearing is | ocated between the upper and | ower
mechegi cal seals, and which will also acconmmodate the buffer fluid

i mpel [ er, where used. . ) ) .
Figs. 4A and 4B depict details of the impeller design referred to in figure 3.

Figure 5 is a partial 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.



Ref er enggo pf2d684 St nmade to a portion of the structure shepmusoodessg 1 An
outer shell 25 661, attached either integrally or nmechanically with the
not or - ' ' ' ver 662 A:sshaft 01 extends
fromtn@ﬁﬁg n%.%??%ﬁf@ﬁ%%%ﬁ%@#ﬁ%@ n the outer shell 661 and
anot her annulus in the outer cover 662. Mechanical seals MSI nounted
concentrically in the outer shell 661, referred to herein as_the inboard
seal, and nERSEa e Hires prnciplsclaments on featnies of the arafrrednembedimgnteef aover

662, referr 0 (Y] oyt ho LGt {f fluid
o ong. tBHERbIbOpRR AR D, ThE W MBS ol G b B AL, Dehog
shelsl 6g@&d it bembiakion GAthQrsubmersitlé otdrCdTalhe 88l rooe &ipe td/nalntainchrddodse iand t he
shaft 0 1, form what will herein be referred to as the seal chanber. There

exi st rihaysealophamber At |a, lexolhhighen thapetbata fiued) infthe extesngl eapxdpgmentdi @8 are 5

proven fof.use | tricti flow af tluid fromhiah pr r eas, to
| ow pr e‘é@r né o (lta}ggf&?’r?ql#ng’f aﬂlgnsélhglﬁffmﬁgh#?r wﬁqrgor%eg%?rp ‘r’ﬁ’?é%ﬁé é’Sendent
on the gadattriapé-aicunted 1bWer P&ReiNAhE Abper RELass@Ably Which Z@dlitabidtindtalsdiiead
focuses on creating a nore favorable environment in which the mechanical
face sead t@mV@bé}fgt(éh chopphents.ewithctha nbraring dpcated between she tinkoard @mdni cal
se Ios ang. to serﬁe a3 & lreﬁ\%vqi(i {ﬁ]O{ .aqorqlt %t ilevee flui d.theat. csrr.ves to
cool” an %?in&% P88 PHTES o hésfnﬁﬁ $ 38%6&1'%9&'5?”&9&0 as
t he bufihfieliésd thid in ddustidriHol iftpafting] cén®ifiza BudpPing G 8 on @i RPERS b¥ Motdr! Ui d
havi ng both lubricant and dielectric properties sufficient to prevent

shor t i nepoting,t doavempkinetioenedgsnipgo dnid flow ithas sinsultapeously gralatésaliqud algngi ous
comercjal |y avai le qils,or_ ol 5.1ike bst ances have been found

ot abr e qudtof sfit ot Fodines ] Sk seqfse st BlORRE A BrolSteik B8 PueRD

r eser Vodxterried tithdPefioasll | zation source for the seal chamber. Prior art Fig.
2 depicts a typical commercially avail abl e pressurization reservoir of the
gad-operated type, as is used in the enbodinent of Fig. 1. The type of 20
reservoir isgnot %st critical as.its f.u ct.%\(%nalit%. First, ig. st be able
to transmit PHASGPHEress MHSH, oo b gRplisd qitbeT separiEly Usim, Cpmbing O, arg

spr | ng, ddlinestedas (DY & prevdiRizatidn xfeﬁéi%i@, infé@fﬁl’liyﬂﬁédn’éﬁ@l mﬁl@d\éd‘g?égafed%n @per at ed
device. It nust be able to transmt pressure to t he
submersible motor; (2) a combination centrifugal and pitot tube impeller for both local and

motor cooling circulation of a buffer fluid; and (3) a lower bearing and upper seal assembly
20  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

25 661, attached either integrally or mechanically with the motor housing M1, is fitted with an
outer cover 662. A shaft 01 extends from the motor housing M1 through an annulus in the

outer shell 661 and another annulus in the outer cover 662. Mechanical seals MSI
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

30 the outboard seal, restrict leakage of fluid along the shaft 1. The assembly of the outer

10



buffer flgg éi J he seal chanber. 25 If it is of a gas o % e,
shoul d provide segregation of the gas and the buffer fluid so that gas

passes AT BG b olBtefver b2 e hctisaia ralsdts o §158" end B ShREfL TR cca

damage. vbﬁatM@Héﬁer&\&%fe@red@&észea@Em&e rating suitable to provide for a
buffer fluid pressure equal to, or greater than, the pressure on the

process Si de of the seal face at the nonment when the pressurl zed 30
as exhausted its normal.fluid capa 1 hpughthlsw not

reservoir

an absol ute ﬁ’frevﬁlffl’f‘?%%%mﬁﬁf?} B &Pl gech Fﬂ P RAre

POSi &I Ve plenFor s ﬁ&@&h@@& ﬂ&&%ﬁlnﬁd}‘fmﬂk‘h@h Ip? e%?ea's%%@?r&%%'apéa‘? wi I
maxi m z€ a key benefit o &S ng a pressur eservolr, irrespective of
capaci t yin raRatimy equr;gndm.c Fhisdnventjon Is, not depepdar outhezgrriiomars eﬁmbmchaxi?éhl is

connected, via 8 it 5 PAl through whichfluilld can fl ow
bi - di r ed¢eoiral y8hized  bytijastead jocuses OB Sreatipg apmgre favorable gpvironmentin whighi ck

di sconnq?émgéﬁagﬂcggfag séa?czi:'@ﬁ%rafté) facilitate i nst allation and renmoval . O her
forms of connections cou e used without taki ng away fromthe object of
the invention. The pressurization Reservoir PAis rigidly attached to the

subnersi bl e mLS Ml such that the Mdtor ML is free and open to the

ext éPnal envirmrifalthampeyseryss ta fonsecths Jacchmeal seals ard 11381 ASATEFHI%E not or
and the S r t ar | g ik Wl
be read| Ir% %ﬂdgelrcé@% f@ﬁﬂj@ﬁ%ﬁ%etg%ﬁé%éslg%%ﬁte?ﬁ&s&%%%he}‘%ﬁse m%egrat ed

into the:oﬁmejnay tefereddono adekd @.Efferiﬂiﬁdl Ahe beffardluié tdn Baadyyclednaginednoyioe t he
notor, or be a circunferential tank di sposed around the nmotor at the | evel

of the Jbuf havingibeth luprieant pgd éi!ﬁlﬁ(ém erepesish subivienf it pravert shegingnfriBet i ons
tot he (?s g@ﬁl‘;@% fand 5 h%\f &el?l?e é arc nSaI ér?outs QS@F]&%(%&E}{ %\rall%%llp gxu?l ng, so

| ong as i ration oes ho ere Wi rw se fact
f r omst h&lk@tshwtaﬂ&%ﬁﬁfé%émfo‘uﬂﬁﬁmwbﬁz@flﬁlum‘tmfﬁblﬂuﬁioo' ing capacity of the
overall design. 20 Prior to installation on the subnersible notor

assenbly, the pressurization reservoir PAis pressurized mechanically, or

nrgher than. (hErSHERET e Sa? C R A Bl bl DBt Bion g o °°° "

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
20  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.

25 If it is of a gas operated type, it should provide segregation of the gas and the buffer
fiuid 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

30 reservoir PA has exhausted its normal fluid capacity. Although this is not an absolute

11



fluid s er and connecting lines into the pressurjpaati servoir
PA are taﬁie[ﬁ%?ﬁgrged or filled with buffer fluid froma it,)resg‘tgb?? £zggd sour ce,

th k d t 25 fitti f
The seSrRERENRPRIBING A Posve Hebly gdiont St hEPUeT B B obhes BIROM o and
out boaksl &taatﬁuzéeadeydaséfawusm%atpPe%sﬁresaemw 1ﬁe§?éctlb@€f &patigy. the housing
or not otherw se easily renova , 1t can be filled and charged on the

notor assenbly. It will be appreciated that for sone confi gurat ions, the

ar r angenent d_.or . fill mght.differ, but end r a sel f
Cont atned - BELCtE o3tk Figr fhe reirization FsapouRAE potrstedesh epadu

PCT% Usmlzﬁﬁﬂi%h JMBh (ﬂ%id éﬁf /bW Uild'it‘eétlJrﬁlly,ct%I 168! sétl IcRBmBER ITHER Batxﬂﬁhr
pressure nay be in the order of two thirds (2/3) the design pressure of the

pressu n@ewae%dlyccameﬁmﬁﬂ ippsed o fzwdltate npstalletion end remavab Qthénfdeng 2/ 3)

t he desi ressur t he, assenbl nt C n w th.the ] owest
desi gn Bg ‘énsr%ﬁ‘ﬁl‘%e ped Wi ‘d“t@%ﬂ @gg)‘g\?gnh%g’é’e?w ST“eowest
desi gn ;RIGETAfiEn RekdrDGir PAIR rithl a@t tﬁ@sﬂ%&&élﬁlb%@ér m é’tt%ﬁtthaﬁgﬁ@t ltutes
an adequate satety margin int party designs. Assenb dependent

corrpothbtsr Mil ishfree endogenren theameerdelf emacdnaent, laad the emaaraszemblp of the
ac the i terconnectl ng p onents PAl, PP 1, d, the
But é ft}%@f ¢ Bgwr apd the pupSsrriaen rese’é}% "tk et En & SRSHIE WY and VB2, and

the not or . The Pressure assenbly is defined as the assenbly of the
assenbl y dependent conponents. Vent plug PP2 is renoved and the seal
chanmber is fli Mlbdiewteztdnlymppmnt tHatithet priessups pesexyolrAlan Wustheryvidd intdgraggedai r wi | |
vent fromthe se chager via,vent pipe P When buffer 15 fluid is

obser va¥OdRF VR t‘H@toé PigBnsHFBets RRing VARICHEN stapies over the mptgh 1 Btdp, and
vent ply L1 1D I I K I r PAis
t hen as g g%*%?%ﬂ%qttt%ﬂ(t ﬁgﬁ&g{ijg&?n@% sd [ é@gmé%t é?q%égg% Oﬁgéj S%ag gcglr?rrﬁ%?ﬁg‘%g}n ck

di $6onreitdblé diaphmagmCfittings ahd bMectmsﬁsetbmmmtbhamgaep,lqmngn Bé\irnternblr tacket B |

with motor MI, and hracket B 1 with_pressurization reservoir PA. 20
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.

20 Prior to instaliation 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

25 fitting C1, 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

30 chamber.
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As the subnersible notor punp assenbly operates, flow of buffer fluid wll
be from WI1RSéMer pressure seal chanber past the seal f{XEF4IS80/2689¢%
outboard seal MS2, into the external ,process environnent. Leakage wl|

al so occur acTgpisalt ety aadroHie F65 cAulAgy mBamht noEea | préésise inB¥ Be til@hérot Or
chanber. Because of its dielectric properties the buffer fluid 25 entering
t he not oprdehfrbdwoMbirds |(B/3) dhe design pressure it the rpressuedassemblysatf mapmume seal

hanber, - Dr g l.zati Ly . PA W || I g ff
ot d unepra R, ot KRl o'ortlen rrabBR TR B0 480
pressuri g@hpeenaGrthke 3bWeést Bévigr reisife SHRSEY 18ich tempahtare, MATER evesSiREhy
operates; the tenperature within the seal 30 chanber will tend to rise.

This $s dhwest dedigmpregeure ratingl The apiplicants owmke andclaior haitn ovdiat censtibges a8 WO
01/ 25634 ECT/ USOP/26898 . Wil thed notor ML, and due to frictional heat

devel ope8HAERBHERART WP BIDCACSERE Bj - directional flow capability of
the pressurization reservoir PAw Il allow for buffer fluid expansion when
the notor tenperature rises, and buffer fluid contraction during cool

down, wit hout Asseamblyadeppader Sotbpenesisblie thit cmsbodinmendf aeen definehtasd the

vertically, with the axi the.notor shaft. . nore or |le p endi cul ar
Wth t o PhssRaton freniilor e B il ine bt ininRe s rpogeRs PAIDERD 5 ¢ o6 (o
t he hggh | i 4,01 caat al S i (M either
the up T, aolsE 667 e R eI B, Al s M S ) e SR MY, ® ot
poi nt wi The Préshere abnbdy 5. defifled hethe usembihef the G&skmbly dbpsndpme dorspatentshat any
gas in the vici n'i)ty of tg‘f mati ng_seal faces of . the inboard, seaéﬁl\/sl,
taking adFBHRINGETSfS remgxed and e srah phamhen asfalledrvgith bulter flwd vigivee il nove
upwards and radially away fromthe seal faces, collecting in the area where
vent pipe PA2 resides. Because gas is vented away during the initial

filling, the Pasingdibugpair wild wedtafems thaf sehb¢Handbeevianknapige $A2I Wisn lbufier! t he
out board seal 2, Wl subnerged 15 d operati_? . The seal _chanber,
W1Qﬁ

. b [
pressur i ¥ g0 @Fnlﬁdgmﬁinqoﬁ%e §€3) charpbesz yia W@%ﬁfﬁ?% L o286 YeRPIugy | |
ensure t lf‘?? vt be ?éi)tlﬁ're&all'hé ?ill%% @nd ?ﬁéssnﬁﬁé&"?&%n%ﬁ% ROtheft rgsgeﬁnbléﬁ bnto the
gal punps gned w C rotatin rom

centrifu are desi ear ances separati ng g
submersible 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 seat faces of the outboard seal MS2, into the
external process environment. Leakage will also occur across the seal faces of the inboard
seal MS1, 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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stati onary conmponents. One such cl earance exists and forns an annul us. .
bet ween WRA25684 r ot ating hub of a punp inpeller 63, and ®&3USOREBFhary back

plate 52. Solids, sludge, or other contaninants, residing in the punpage,
will t avith the midtonM]dans dus to fpcéonal heat d¢w¢lbp¢debu ﬂulmetehammdﬁcslss Toa Béi t her

de of b I h.th I l
et | ireqenal AR BB, o o, el Caery S 1A T N, ok b iy
[ 1 1T gpdrlioRSwhEE (REGRRGH exlspewmecﬁih%gb%d Wl Bmﬁeﬁsh RbrihB Roglt ef

cover the 25 outboard seal the shaft 1, and the backplate 52.
Li qui ddewnemthglttsbddamagmdary punp chanber wil | tend to flow out port Vi
bac I nto the surroundi ng environnment. The process wetted side of the

outer cover 662, that is adjacent to the mechanical seal assenbly Ms2,
forms a CO”‘S%Bﬁfos?olé Bi{ﬁ&%%% Sﬁ%}f éﬁé’rﬁé&’vé&c&ﬁ;ﬁ%ﬁgﬂﬁ% Y theGhdol ¥t O the
adj acent nmechani cal seal asse y M52, y the 14 WD 01/25634

PCT/ USBre 68 B8s pstpamdlexlaxdwﬂh’dteeaarbhfs subface. e, being tighteethen liquidpendesad f aces,

and the, | ar e i anet.er of, the taper term nat es sone axi al, di stance away
from t F&e & SSPaRt W n@ﬁ%%‘@%’&ﬁ&&?ﬂ&?ﬁ 3t fpresnt mselﬁeﬁﬁf R¥RRer i ng
t he an f the
shaft eﬁ##gelf Eﬁﬁlﬁféﬁh?gdﬁgl énggé \f'/t}@el Eﬁ%ﬂ(’eﬁ@: o?rg?%iggﬁt at ar egl npart ed

byl®he Thet catta:rcxhall 665 ix desipnad michttha anlyphs mlthe slidimigjest thd mating s¢dd €aceodAir y

el enents o ard, seal Centrifug forces acting an the
rotati Mf o oﬁeahl}/@ﬂ tfﬂmgtqﬂvant@a%oglﬁrgasaglawrﬁﬂe%d&a@étq righ i Dewdrslb al ong
the ta ar ger
10° g aEE e SHEA0R Al B 6 (RPUES tRB2 chl AR I S5E O befiiid
second®A2 msides.c Bedaese. gasTim Serftéd)\awbyalqmngotharmmahﬁllmgy tBo Iséal scHarmber
settling out gn, and potentlal Ily)é/ﬁlrestrl cting the  nmpvenent of, the

conponéhE faceg rof thath dhe Ibaad seab and the gutboars seak Ml willebe E)‘Gi?fﬁ?ré‘éfi out
h YRRy t
oot f ou HE pberplicl? T Kl SR Wbty A ey o8 Wilne tiub iy 2 10 O

ot or . enviksrspenthwilleensire e gas extérnlsto thesdabchamber dodshet enteer nal surface of

the notor housing M is actually inmersed in and receives cooling fromthe
punped nedi a, the enbodi nent of Fig.

All centrifugal pumps are designed with clearances separating rotating from

-

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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3 is di reﬁkﬁﬁz k@42 nmotor which may not be submersed in th? F%sﬁﬁdi a,

nor wll recei ve any cool ant benefit from any externa ri ng
ext ended p i ods of operation. .20 The novel_ inpeller desi

n of :
addi t i orsmableg diamater: ofrihe fareF i adiacanigtorthe seah facep, andbe darger diameler ef)gneu ng, |s
capabl e Devfihint s of
t he out bog 3& %%?@g Ln\sﬁgg{imﬁ%ere y eng%ﬁt?e%gfatgontl nfgoth‘g@ércgn%f%%
oper at i othambdhi s uni que inpeller design nmay be used separately or in
conjunction with the buffer fluid 25 pressurization systemof Fig. 1.
Referring nowto Fig. 3, a notor housing M| is designed wth fluid
passages t hat i

assenbly of the ou %"p tﬁé%ﬁﬂ g%%s E&E}é %?é@oiﬁéﬁtlé@%lfam %k}&élgé%ﬁ f% I.f H% the

i nboar d ghaghiathoagh fmﬁtﬂnall\éliea,%1 a@Uﬁé@Dﬁldnéf&Ctbﬁi&k et aOngraatd bipthe ®habhals| eeve
12, and shaft sleeve 121. Shaft sleeve 12 and shaft sleeve 121 are an 15

VO 01/ 2588icescaf teo @Yaﬁ639@lﬂg@p81 ol thefrm’dt'}hélem@mﬁaﬂfc@mlﬁb%f sead MBent i on,

di scusse reate £n th her fter e _or abs PEEO ich do
ot o 1 ectinaF RS b ep RROE Bss o mid HERRIRE PR P i Rl 1o

Wi th prey Pdse dRWE! B MRREA Mkfatd 8f @Het out&uéév@f 662 nh ¢hd GiréfioR| SITtRE @dgdty neANS
5 of a plurality of equally spaced radial vanes |ocated concentrically

di spgdseddiametgr endhef the tanstadrsyr @ﬁf which iterpuéniatesrwiggn thersegmilaw prstinckamnbsn a

haft 1, buf f t
;S)ags age I-Ig‘l,saﬁ%‘ﬁ%ﬁﬁ’ j‘%?f%gge bgsoﬁf’mbsg%‘ gg%o‘it@era Mfo eﬁ?ﬂg'g%gtﬂ%{i&%l[}%olrtn > 2
FPI,  Whinglerhéht o tkd éﬁﬁﬂonﬁmﬂie%&b% Hedhhnitd1@ed1lMsE passages within the

not or housing ML, absorbing heat that is generated by frictional and
el ectrical |osses within the notor, and sonme 10 portion discharging to

circulate wt theo s of, the se cha |tself. plurality of
stator vanes ‘g%Ba DeSRP. fqt“rfg E\thbef P%%ﬁ&@?ﬁ@?%%mé o $EE Teaﬁéffas%m 8 shel |
661,1 55 € el LmBRE birddunded b HuR thhile réamcf:&rfr&h ubééssstottﬁ@ﬁﬁ&%f df9hd AbRre Wi th
the inmpeller 631, thereby "maintaining a relative velocity differential

bet ween Thus, vhjle il the p&3ouslycembvdimertt f the extemiabisurfac hfath& matembmsatsiag Misci nity
ZfA ' gﬁdpéf(élallyem}nue?s%d Jﬁ? gmf) recelgg ec!oloﬁng gom thé Lllxmugédrr%rte a er%bgéx?n%xrltl 3/f ﬂl n Figs.

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

o
-1

receive any coolant benefit from any external liquid during extended periods of operation.
20
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 impeller design may be used separately or in conjunction with the buffer fluid

25  pressurization system of Fig. 1.

Referring now to Fig. 3, a motor housing M1 is designed with fluid passages that

emanate from and retumn 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

30 seal MS2, shaft sleeve 12, and shaft sleeve 121. Shaft sleeve 12 and shaft sleeve 121 are an

15



Still referring to Fig. 3, buffer fluid returns to the seal chanber fr.om
fluid pH¥EUPSE34 within the notor ML via a fluid passage PEHUSI026898

comuni cation with the seal chanmber, 20 |ocated on the underside of baffle
161, abptidndl, dufihért edhBdcemine b€ thel inventibin \discased 26 givart levgth hagafhg, ftHens 663
that extend into the seal chanber perpendicular_to outer cover 662. As

buf f er PYepecg oF absenegpf which gle npt alfect g fupgtiansey widisy of thistimspediate featire.nr ough
the fins to outer cover 662, and absorbed by the external fluid or air in
the seal chanmber within outer cover 662. Buffer fluid is then drawn

t hrough an Bikeping vith prediohydevsiopments B0 therart) Bhffdr dludbit adlelearated by'mehwbd of

I npel l er 631 ere it is again accelerated by the inpeller 631 and repeats

t hed coef 2 Plyraliprofequatist spased nedial ganesdogatedsoneentrically disposedabontibe perigheret ai | of

ool Lok 6 SR o el St ers
dopar 01 8 Rk G gl Aoy b CURRL S ShoR 3o OB T ANIAERN (4
pl ur al tissha@fing/ Mbes pddfbedaestdd oh tho apsedl silb @8 baffle 4 61)tana throudhsthii@ poit FR1, 16 WO

01/ 25634 PCT/ USQ0/ 26898 purpose of accelerating fluid radially outward, at
| east ®ilichjiatiardiegct commaicgionswigh the fluid passegedi withit thenmoks kousisg M1ldi anet er

of 1npeller 1. .ipvwardl .ds the .hub of . the jmpeller. A secondary
passfaggbsfﬁ’fgﬁﬁﬁ%mﬁg}ssgeﬁ%%;%%%g%c esctr{c%lto(slsgmwrn ar +%§1§1tqru%r}dﬁ%ope axis of
theyi np&hb@ﬂis&faigi%gs@r&cﬁlst%lvﬁﬂhﬁm@p nSdrébl ©Ethe W&y cllaiibet fidefy. | npel ler,
originates at an intersection with primary passage 101, and term nates at

the face of the hub of inpeller 631. A right angle pick-up tube 103 is
connected tq r.adj.al sage , unted at.the .periphe he, i,npel | er
631 and ori &Hlﬁfail&@ ({fl%%?qréfg‘beﬁﬁg%’etﬁﬁg%lpﬂ'ﬁ%i q:prrllﬁ}g IIEIFWSIESIUF{B%E %;OU_ eF&helk i on of
i mpel | 861, 8ee tolshrtially Gindt tRCouiePAiH BReddéRSSo AftRe (AR e iRPEer@NY, thereby

di stingui'shed in paft, as will be understood by those skilled in the art,

by t hemaptainihg @ relpénedveldcity differentiel besweenvthé imhpeller G32 and therlwiffsn fluidsn thenber
th h teri t f f ' Ll ' | at i .0 it
oLt on TgRE T oL M o8 A0° o radle ottt g <ty By s 4 e

perfor ggiye of pick up tube 103. 15

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,

20 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

25  and the hub of impeller 631, 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,

30 possesses, in addition to a plurality of vanes 100 equally spaced about a central axis for the
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Buring-op | pi ck up tube 103 will collect a portion _of the buffer
fluid as e‘f%‘éﬁ%ér 631 turns in the buffer fluid. The col F&HO26888 d wil |
experience a net velocity _ head, over and above the pressyre ener@)tled by

the cent PrPgspr! aeealaating fidcradigiy qubyard, a lea%raneJatsmal Jaqiplcpassagsr ¥lof t he
speed dif €1l | ek t ' ' of the
FPer T cHBRERE R A S hobABRL o B 8 G DR SO T
liquid hmpélike P sdcoufarl Passaps 10D HE akiBbftwhich Ritabdets fhe sl domgimdinahd
above the pressure differential  that exists due to centrifugal action

bet ween ¥ obihe ippeter Ghiedsamedssignated gistanse apap Epmdhe impgliep osighates at an

di ffegentj r | . he . i f ' nd 25
the | A otheipych S atL Bt TR R et BuE 8,165 tooP of ERMPF I EIGER, T
The presggiea MtfaﬁFﬁgiid@hp aitRal(3dis BonhdttedC@®Nalial Yehed DUIG esovdtedt ahe adi al
vanes 100 are canceled out by those sanme forces as it attenpts to return
via the pedphery phdkmijepelion .63£anét0nﬁm§d dvitke itp ©pery end dapintg i the direstiomaf al
passage 101. traveljng.fromthe periphery towards the inpeller inlet,
resul ti ng*FRERHMPHFR3d r e generated within the pick-up tube 103 due to

ki netic conversion 30 mnus frictional and turbul ence | osses within radial
tube 101. 17 WO 01/ 25634 PCTI USO0/ 26898 The fluid then enters the
secohBlary pas$argelatiog impelleri &/pei sxshdesgrbied, rand distingaished s post we anllt be

'n Fig  4naaripds dy dBRR B e aHs o 14 St AE aetretce PRuth B i

rel-ative qiRédsRihles? nﬁﬁ'bl&?ﬁﬁt EHafackiBEs HRGRrOATRRE TR iﬁiﬁ@llérhﬁ 1t ‘dfi&?;lo fig ui d,

hel ping to reduce or elimnate hot spots, and generally cooling the seal
faces. | design geamatryeThe gevotatiygnd fspeckdef setafiorf are éatarain the petformasceokpick hough
t he punp_ha “63 dry and external fluid circulation has ceased. Referring
again touﬁi@‘fl A and 4B, this aspect of the invention can be further 10
enhafged by duplicating the internal passage arrangenent el sewhere on the
i npel ler, such as 180 degrees offset fromthe first arrangenent, and
provi di ng a r Dyhing anpgtation,upiek tp3tuberliod nwilldcoliettha ippeionpeithe tiffeadiunyas n a

di‘rection opposite that of narmal rotation qQf _i.npeller .631. This wll
enabl e | %P&@étépi)ﬁ“@ﬁ 1} {the E‘éfgqrnf?‘ﬁ@e & @l%ﬁw_ai%gpwlh etxﬁ%“eé’\‘i%ﬁt“ebfve]!oé%r se
rotationpefy _tJvé‘rt %a %c;lwfeoih@rpres%ﬁreagg@fktgﬁﬂffthé cértrifigdl haRel & A ikdpkfer,

arrangemnent ‘in
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 resnitant 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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15 of i gpsRsy circulation in the vicinity of thelower ddi.tion -
to the gﬁérrpl ng action relating to tube 103, the opposi te ?am?{i&?%be 113,
and its associ ated passages, provide a centrifugal out-punping action
during operation that results in a net discharge of fluid from tube 113

ot e TRERPOREREN G0y il 1 o EAGIr it MOkl 7,
pi ck upetwebe thehattboasd Seat IMSP corhportehts aidrretating shaff 12 ot sieeven] 244, bd showder go a
631, T di yi D isFREe spiaRpa bl WibD, e BB R R Berelale e 1

rw ci ng
awey f B&We[sﬁ' ﬁ'xeﬂéerafﬁfcb %Pmipgﬁlen b 1@ 'Bal‘lf‘fel' Elg Wgﬁl&s&)? uck Qﬁ%ﬁﬁhnzﬁ@ B#’{ | T ugal

action, fromthe 1npel b out war e periphery o

I mpel | swots,tamdsgenemmily tcooling theaseali facesl alini thrs amjer, cboliag oﬁﬂmmabfacas can

I ndependent of rotatiqnal direction, and can _be nu | ied with additional
sets of a’élsaej%ﬁwga p&mpé}aﬁmq?ry apaeﬁmmaﬁmﬁsgg hap¢eapesth abl y
uniformy spaced and alternating about the inpeller. 18 WO 01/ 25634

PCT/ US00/ 26898 Thi s novel inpeller-enhanced circulation flow can be
applied to Referfing againdo Fipsli4A and B, ahisngspedi] the rinvehdon Ran et fupgebuf f er
fluid circulation near a shaft seal face abutti ng.. the hub, of the inpeller

o @i t pelhanged by dupliGaging thﬁlf)miqﬁ%al iPagfags amanggrienke ﬁ%mm pn thecimpelgsush of  t he
P oar 50 RRReP oHHPROHDRS dhr BRERIR WhE SUERENL ! 0 RSB

fluid afiented Whithrits djen 00 F&iny intdhdirection ©pposia thdt of ao@idl estatiibofiinipetier of t he
|nvent|on t he notor bearing closest to the pu is. noved into the seal

chanbef3l.snidus avill rrglablﬁelubv iRy e sealnfagespist vs@élﬁu% A e 8YS PTARYEISEL0 t he

the 't nBuiRh ofhe e LRAG, b 1Rg Vehen TP Keied B AR EAGR i B M0 oo
mechanobe ﬁicréﬁ@éﬁ Sirculfontil eheVibREly offthd REE s&, I&hﬂﬂitwﬂ% kIeCHirapis %a&udxhe

out board seal face, due to the reduced cantil evered di stance between the
bear i nEFlafiE torabe A3, thetpspesity fapipe dubayl L eay its associated passages, provide a

centfrifugal out-pumping action during operation that results in a net discharge of fluid from

tube 113, thereby increasing the circulation and flow of buffer fluid in the area around the
impeller hub adjacent to pump shaft 1.
20
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 impeller 631,
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
25 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.
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effective extending seal life. Myst bearings in d tor
desi gns a?‘?‘g{%g%e 15 lubricated, so further advantage is )régg‘f%m‘s y this
beari ng placenent; by noving the bearing fromthe glrease Iubrlcahed
envi ronnent of his mevelimpellersnbanced sirsalatiomflew chw be ApPlied in AnY Mtege A% onnent
of the s hanher v 0, ed

9 ?ciulla%P Ir 118 f?&rﬁg%ﬁg Sﬂff&' M %r}g R(ﬁ’l ar%hg ISFAeIL{tQ#aﬂﬂlaﬁ%r ease

bearlng W rea eore IC

| ubri cat 8¢ HaBaf tHedmpelléi ch didiar d)ﬂlﬁ)ﬂpélaésﬁﬁ'&]i& m{paﬂery%nmdnu iri the geardstaynotage
according to the invention, as is 20 explained below It is readily

appar ent t rrassagewanscand mickupdnbes th@ra@fimpl@ﬂha?ﬁlb?t&t@ily s ‘E%Wmﬂé@g’ from
t {
erbod meRyeen BRI SaRisrL AT PGS pr el it of ol ST ihif e GeopBlof 1412

equi pnentpvedivy. her objectlve is to 25 inprove the ease of maintenance and
reduce the downtinme to perform maintenance. When naintenance is required,
It often involves disassenbly of the seals and bearings fromthe notor
assenbly, eit l.acene or for |.nspection. Therefore e5|gn
That ol L ows. Tl SHRARiGE 58 b Gversen, B St pigine HISHE O 1 AR

rot at i NYfHQEP A6 MeS séal cRarbeP JiRrAiRy thS 5%?1%@%&&@&%%! %8 b@ﬁi’rléJﬁld
referred to here as a cartridge assenbly, be of value 30 to the user.

19 VIO 01fR5884nH0ad.USOGY 6898 in ch erty mmgmg@ae rlOftdoe!Fd bearizg frere above ths at i ng
portion I nboard nech on, the out hel |

661, whi 8’}? ?fnff@a%‘ﬁall $eligralo ¢ tmn hﬁgg&%ﬁgg@oﬁ ?nr&g(feu%%q g}eeﬁmca cazrt ri dge

assenbl y pjStHERGRcUHE ﬂ:fiu(t.lﬁﬁ sliéﬁ ﬁ&ﬂé&ﬂoﬁ‘é SRR latbotiNseaS faké) fdue Qb ahé Ralucé
portion of the inboard nechanical seal M1, outboard bear i ng 3, and the

ci rcul at camilévered! |déstaricer betwetrer the| beatingi rod| i oeal, ithgyely ampsaing t seel

el errents e|n used, either sin or. in conbination., The cartrld e
assenbl y© S%) Aad exighding fepl %l‘f %‘8{% bgaringsdn é%%l maefor designs ate gfegse ]

posi fff Onﬁﬁn@ﬁte@ & %ﬂﬁfef’ramﬁﬁ% ﬁ%ﬂhﬂ:ﬂ Wtﬁ@%e&h?gf bla&érﬁ&x\feb}?momig Ghe 1 S
rigidly mount €d co- axi al | t so that™ al onponents Totate
Wi t h t hebedumfrtfrort Ghé grdésaglubﬁpatpd cenmummm) of it mbtos ha1f0r chduebcxemmZthuesnl

acconpl i shed by the abut 0 : . :
i fubricate enVQronment cr)?tﬂe seafl chamber. For any given load and speed, an oil lubricated

bearing will run cooler and have a greater theoretical life than a grease lubricated bearing.
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 to the user,
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shaft swerBsésd against a machined shoulder on shaft 1. Jher&oRkfgd Number .
of standard nachine design nethods utilized in positioning rotatl ng

el enents al ong shafts. This particular nethod is shown byway of exanple.
The actual method used in no way detracts 15 fromthe scope of this

i nvention. R¥emi a5 324, L | &t : e
rotating el ementr{,g(r;i‘@g t hgﬁfﬁbghtrﬂg%ﬁgcrﬁgﬁl?%go@aﬁ %Eq{libdvahp? P{bgirl]%lé%a(la S%Eﬂe

stati dyis aneumted onfthe pater sheblo66ld whicthaan belansetepral/Boria s¢pasdte ipartrafunt ed i n

th Il 661 it h ion. 20 B [ 3 wll
an 1 e eEEE A saapb Rl e Rl o SRE Frisges Soimen oh n G roibnghe o
bear | NgriwBENEe iHB6E dnédhafigklabday Msahgaggarteﬁéeesﬁ?% 3, %nhgmeuafca@pglel 661.

A plurality of passages V2 are machine hést point o

bear i riglmli@lsfongu&mﬂuidlcircml@titm, smpedtegi68 Lithe elemarisdeingused tittedr singhifagly f | ui d
wi || freeé% Coigrﬁ?g“' airrﬁ around bear.i ng a .th I nhoar.d nmechani cal seal MS1,
and t h8 BEMORA0He .eﬂﬂ%‘ erasgrmbly ds designed Such that dt canhe pre-assembled wil | be
abl e tgdfda6; r Y% he it

mechani cal E%g?ﬂﬁwgﬁfam?et%@ﬁngﬁngﬁﬁ@%% as cslflée?g]llgt I@\%&Eﬁ?ﬁ%ﬁéﬁ‘i@& 631,
can bemounted emtaxieywiithlshaft dysosthatfall colmgementd Potatetwithhthe imaft.urn, i s nount ed

Cﬁ-axi ally with shaft 1, such that the entire sub-assenbly can be quickly
idtal l ed and renmoved from submersibl e notor assenbly ML. An Oring OR

forns a se 0 pr ; 4@6&9 t { [ NS ' r f eshaft
sl eeve 12 ghdﬁlg hg’ gﬁfﬁsﬁs 1ddé)‘f'ig'i arresfl%rﬁ o% thle2h §h%? ?ﬂqﬁsggaﬁ{%}l&* B@’%’é‘i of

PCT/ 1xBafb/ske80832 aphinst y pechinadrishouldanch gmfinkt THerofary amumier ofistanddde

el ements.may ,vary with desiig%' and appljcation. This enmbodiment utilizes a
seal s'™3f atdFﬂé‘ﬁ/ mefgods up 1 ipRgtioningeIotating plemepls dpng,shals eThin v

QA her foiRtar A GPIHBAN LIRSyt cxBblel $HE aGLATHDNS AR inBoRfay G { hout
detracting fromthe uniquée applicatton of cartridge assenplds and” shaf t
slLéev efsom tthet svepel of thiminaentiona Whentecizeoé 13 isprepalyopsitionedos shafel shei ng
specifically to Fi 5,, an_enl arged view of . the dotted |ine region of Fig.

3 prdorles e]r?_BTeét agﬂisim'?oaﬁbmesh?@l%_& seehDIS] will engage therstatiogary slermemt@bcr i bed
above,thé posrd ﬁfamag]ﬂcgl 6€aP %ﬁ’, tHRGH %r%gliﬁte:aﬁﬂ GO bl MeV6d17 WilhEn e ©

di ameter of shart eve such
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 MS1. Other components, such as circulating impeller 631, can be mounted
coaxially on shaft sleeve 12, which, in turn, 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.
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forms a p n&é&%‘pendi cular with, and at a known di Stanceé’?ﬁ%ﬁ%‘{s%s

| ongi t udi of sleeve 12. Snap ring SRl is assenbl
groove, the location of which will dictate the axial positioning of the
remai ni ng cartridge conponents. The rotating element of the inboard

mechani cal se 1 is enb Xi_al e T
abuts snap 15%?@%@?3%23?’?41%@?8&5 ﬁglﬂr#%fné%g%ggﬁ\@nﬁs ?Irhggy/%yi%nﬁsuch
that its desifrtahd GppliGition aTRis eMibidimédieutilippoaidesl; ol blaring, drddea sieplatinglg SRI .

Buffer fluid circulating inpeller 631 is nounted coaxially on shaft sleeve
12 such tmpellersbyapay of exeenippelyi Oheniyaes ¥1d combinatiay of RREAEZHFlEMERIS Gar i ng

03. The sl eey nd the el.enents, munted . I t he
shaf t Sun 2R PG " AeEbER RO Rt F R B ica B8 oF Bl Goe UeferlfilcR o0 st 10
that can skevditih kieZ®REighAnd afidteNLOSf suBkfsible flofsi@Nt s al ong sl eeves. The
sl eeve groove and snap ring SRl is shown sinply by way of exanple. The

actual nethod used in no way detracts fromthe scope of the invention. 25

The invention.s susceptd bl.e. of. ny epbodj nent For .a 2 seal
chamber pres é{??‘?r?ﬁg F%%‘fg’ﬁhy K %’@gg’r%‘ ?@%%?‘{/HFY’ 02 Hﬁaﬁogé%lﬁgpégg%n %féﬁgxfended
to provi GrfiGdd MBicOdetail FHFIBE aeBBEUGS #R!daATISY GAIC Testhibéd hbsveD Mrd s 4 er
fluid supply and pressure reservoir, maintained at a higher pressure than

t he $@al godeebmackived hertcentiealiiein theakuside dianster fofshaft glegve 13, suchdhal but war d
t1 *ough the shaft seals,. from notaqr chanber..to seal chanber., t,0 . 30

Al or oot FOBISA Plahe PeRg it Buh 450 ot S pg ditnes Afpnsr et BelHg of
enhancengby£ ¢ Bfap 1%4% gﬁl gslés%éﬁﬁléd E’&I’ﬂﬁ%ﬂo@@,&ﬁ@ locBXdEsRkich YvibdRydtde a

pressuri zation system addi tional mechanical seals that may be added for
addi t i ondhe mdall posijiopingt efcthe cemaining lramtiidge ¢dnsponemts.pThe sotaiing elsmentodirthe

YS! noReboEkmeshAgAL 1oal ML pHRGIPIESPRTEDY Mo FREYS A ER At th AP Boga -
accesg t Qinyﬁ{f?r B@Ef‘iﬁ% 22%‘&110‘&9@[}%5&;1&5’ ’§‘#\tsi@’s}9 02 tsh& Blat R r&%ﬁ;ﬁ?ﬁﬁ%ra@e strong

preference~for a vert orrentatio notor over punp verti cal
shaft, t hbutsnieoppasitcaydd of thet mapnihgf 8R1 | | Buffer Sfluid eiroblatimg impeiteal63$ Haf t

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

of the bearing 03. The sleeve and the elements mounted on the sleeve are rotated by the

shaft when the motor is running.

20
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.
25 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.

30  Alternatively, the seal chamber pressurization and pressure reservoir enhancement can be
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subner syglogr4y84Ps where appropriate. 10 As anot her exan';ycq.mgoj;nﬁ?ﬁsis W thin
the scope of the invention, a subnersible notor and punp asse y

consi st I ' e i n out put shaft,
and o sided o BrWue s ABulith SYE Poad il MRl R8s M 6 Bhe ot or

housi regdedfbriadditionainschiingprottctivg, reably withets@wipphessafedebervdin S gintatned 2t enovabl e
shaft sleeve non-rotatably nmounted on the shaft: There is an inboard shaft

seal i Bighpnpeespwe than dhe extomgl epvirprmens: such thatnson singlefseal hmightfeidr d shaf t
seal o . ! ouMt boar haf,t _seal proximate the
punp, r(gi#g)tugg gxgrgrt %ﬁa%gni‘?dn?é?g%g?lg Z‘H&Ese%ov\t/&e{é RERe geﬁ'g?}gp'ﬁ’gﬁd t he punp,

whére the seal chanber consists, in part, of the chanber side faces of the

i nboard shaft seal and the outboard shaft seal. 20 The seal chanber charged
with a buf fAlthqughithe prereart shassqsteongtpreference faquavertical prientafioresfsmoter ext er nal

of th | t the.worKki d h of fhe .pumm, d the.
ut 1 0T bt RS VBT RER TP intefion AR08 AaCIBReL 188 ot Aubisi sndl
pr ess abmatsiti pamps aheR pr@ﬁadeeast one pressure reservoir integral to the

not or and punp assenbly for maintaining a positive pressure gradient
wi thin the seal chanber across the shaft seals. 25 There nay be a buffer

ot 95i gni 11 el shRBptechetdut JooR B P of Bt » mestherpBR mper s '
mount egld PanipwssehBISRnYibtinY 6F 4 hRtsraal BoBIRGsiHY, S MBlo? hhligg AHRRREd shaft

seal or sone other seal or adjacent conponent needing addlglonal
| ubr i cheft.oahdos peew Rnshypurmh ousipel therpap hawsing beisg sonnented tit therrabtor .

{i ti | | y. for d faci 22 WO
b1/ 25001 e AR RTOP B bEnE Ak &Y T B D Sherer BageoBPIRARSRES of the
i npel Imh.rofatabdy HioutilRar GEthe AhhftOPhdrE s Bl Bntard shi@ §43PBtdxPha R niGibe the

outboard shaft seal, the hub being of smaller dianeter than the periphery.
Thé seawith teatetesy somponént oftthe inboard shafieseak mountstainethe ralgevbalkere adam| | y

oriente st at fl.anges out.board of fhe immeller, that a oriented so as

to ha\f’é}g’é’ﬁ’é‘1t gla%és%ﬂl d’é@f‘?’a?% d]"éfﬁ%’nim‘{ ﬁeseﬁlrn@’ambef df‘tﬁ{s?%eé)g’e%ni take

t ubes rdtof AR thERRIpSivhere the seal chamber consists, in part, of the chamber side faces of :
the inboard shaft seal and the outboard shaft seal.

o

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 Jeast 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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As yet  an npl e, enbodi nents of the invention may i
subner si bﬁgs{ﬁﬂ%ﬁl and punp assembly with an external |y nounte %ESQF nt egr al

pressure reseryoi r . conmunj cating vvlth the s er SO as &} 41glgieggt ain a
I

posi ti ve IpRk&RGE @ngh%wt@rrﬁdgaef petphery 9fiths Prafq % chafgrapart he

chamber ﬁ@g ;}?é f flatHetbr ianaye €ss of
t he vol uﬁﬁeeeo fleﬁ c?'xgg cu a‘?m) l%fF%BP‘?ﬁ ug l%?)né) éxg%lgrt rguéh the shaft
seal s durperipheay.p€he sl ciantbersmwithia et the mloéllersrmtam;nmy hawdraﬂwﬂp osisstedl| y.

O her enbodi nents of the invention may inc a sub rsible nd punp

15 assentstajoryflanges opthogrd of; the t“}‘PEHefspﬂ’é%?Gr%’eP@QéP\Pél Ve oHE %‘HC{"EF Yhe
seal gharfier. ent%@é’é'ﬁﬂoztﬁdn%tﬁé’:ﬁ%ﬁmlfbgsﬁﬁtﬁeq géﬁé%c“ vely enlarge the
pressure reservolr capac serve a larger buffer fluid
supply, providing a potentially Ionger operational cycle. Yet other
enbodi nents nmay have a seal chanber where the interior s rface or ﬁo

cei ling ext endts YRbRap@rycxample, erbardinrats ofbaimyentux may iguderbmpgisible
i di | i hj t hat
ay b ¢ Fpb AT PLe, SRR i o B Fnel g BT BF indeffa, 9%%@62*5%”& of

t he i nboabthnsiliidating ®ath, thé Seal Bl@dmﬁebﬁo €/ mahaiba F@ﬁlﬁﬁ\feQﬁéssuﬁ gnﬂlélﬁrduﬁhgll d. 25
Furt her enbodi nents may have inpellers with at | east one |nternal

pass af enaympcepsrasions.nyhere it seal ehrahey prespurization sstarnbaga £apaciy, o Weiear ge
t t h t h t
Pt o0 i BTG AT e M B,

the i npelskgs dugggm&w&a@ﬁﬂm%g{ay&@m@%mﬁaw pENts may include
integral pressure, fluid |level, or tenperature Sensors, |n conbi nation with
shut-off controls of various ki nds. Some may i ncl ude si gnal lines to the

surface for tori erator. The.s e and nat.ure of these sensor
and control b Q‘?%émgﬂf’ IOfEkEFd‘é’P’g‘?tB’(S‘om?%mtcﬁﬁgé‘ Lipmersible |I?|°tf"h%ngp‘t‘mpand
can g readinnly aﬂﬁptaﬁ%alepﬁaﬂynwgk Sire FeRérvE@BhfctddN®S ShdTayalbehdniRgSUr e
sensors for seal chanber preSsur pressure differential, coupled to

aut omat i @resstrization laystcm’l fso et affalcsve‘ly) enlakga ¢l prassungeien@ﬂ mngtmmh ashe

ressure int er falls, bel ow,the [essure | of the notor
P serve aqarger uffer Aai supply, prov1d?ng apotentlalli") onger opera 1ona 31

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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and pugr, aosgd! v at working depth. This assures in parpigpkainekdadt there -
is a positive pressure gradient across the outboard shaft seal at all

ti that inQibits the | .of 10 d ned fluid Oth d
vartous. erboaP Bt SnaETeRt: e SBOpEl Srednt HER. M Tl o bty "
appar ent sénforsBiSgorasihhticiOwith shil€of bbntrd96£ daritfhs KixisPE 6196 $haYGin6Iaas kighAll ON,

appended drawi ngs and the clains that follow 15 24 WO 01/25634
PCTI USOOlineg0 ghe surfacworaenitpringrbycinaipasatasr Ehe scopé and naturg|of theis¢ pensot ard | 1 | |

ot or “angMY SrotFBts AT SEERONE RO R R 80 SR B oS e LR
housi N9, i@hEbMURG: BRMSHBIHRATAS! BE ph@stai dniBts For REASéiAthber SRésSurBUSP

bei ng driven by said output shaff, a'renmovable shaft sleeve nounted on said
shaft, 1pressure differcotialhadupledksd aptomatinanetos shat-ofb tcontrols Hfor deacsitvatimg the

t f i.d inboard haf.t I t.ed id sl t boar d
shaf t seHRT e hs Bressitn it seal el S hele e pérupe Pesmabet et

Mot or - angh$ BlifhpPAsEENbIS At Ay iR Alg TORfis a8RPRRMih Pafsbuld? RA thelel§ £ r side
faces of said inboard shaft seal and said outboard shaft 15 seal, said

seal chaptessure gradgend acviossthe duthicasd sifalftseal atratletimes thatsinhibitathd ingesss efjagl t o
thedﬂ%essure xt er nal 04] said notor and punp assenbly at working depth,

sai uf Penped pedia AW,y di el ectric properties, a seal chanber

pressuri zation systemand at | east one pressure reservoir integral to said
not or and punp assenbly for maintaining a positive pressure gradient within
sai d seal 200thardndrvagion smbsdinknshaithinstbelssgpe of the invention will be readily

apparent to those skilled in the art, based on the preceding description, appended drawings
and the claims that follow.
15
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a buffer ffuid,ghyculation inpeller nounted on said sl eevepifizfjopespsi d seal
chanber proxinafe said outboard shaft seal, said inpeller having at |east

one inter nalgmgeway connecting a rotationally normally forward facing
i nt ake tube peri phery of said inpelTer toa-di-seharge port on the

hub of said inpeller proxinmte said outboard s | - 25 and a
multiplicity of radially oriented stator fl j@mamz im gmf chanber

out board of Amaigburciaehs @e; one edge of sai | osel y adj acent
the arc of rotation of said intake tube. 25 WD 01/25634 PCTI USOQ 26898 2.
A submersi ble nmotor and punp assenbly according to claim1, said pressure
reservoi b QONMBHRALBIBthotdriald PRinf aSRAlbIFEARAINS0 as to maintain said
positive pressure gradient during said operation, said integral seal
chanber pressuri zabotonasireotenhowsing; sad nter haviagavoutpuf shaftbuf fer fluid in
excess of such volune as.is calculated to be | qst due tg Ieagﬁge 5hthrough
sai d shaft seal s 2RI 30 PREPihYsIBE: $3ist RMPP bigusng coppeged Lo 544 FaRieT haysPey unp

assenbly. 3.,/A W | B Rn TR RARRk assenbly according to claim1,
said at Ieassfl ne prélgésur enrﬂfeeserv Ir Eel’ng a multiplicity of pressure
reservoi rs connectremovablsshiaft steeaé mobatetd en saidGhaft,essuri zati on system 4. A

subnersible notor and p assenbly accordin oclaiml, the inter.ior
surfacelBf sai d28d% OaEﬁgl%BéFaléﬁ?’@W&?enﬁl R@Rdf‘%/mé%‘ﬁ CPMBANEILS Sia’rﬁib‘Bg?acﬁd

shaft seal, il imted volune within said seal chanber
for contai nis%lgﬁ%%g&ggg@gogﬁ%gﬁlee%%ﬁt of said 15 inboard shaft seal. 5. A
subner si bl e not onantbopidshat Seud pluxymare saidgung, to claim 1, further
conprising notor cooling passageways in sajid notor_ hqusing, said, nptaor
cool i ng passagewdyssal jntexencrwgd ietween said retar %%\%B\‘@Pssﬂ 5§

provi ding PISRstRe i bad iR UARLAAHE Gl dPULil Hhdatd fle S0 R Said Suttard shaft
subner si bl e TOror "2Ad punp assenbly ‘according to claim 1, said | npeller
further1s seal, said seal chamber charged with a buffer fluid under pressure at least equal to the

pressure external of said motor and pump assembly at working depth, said buffer fluid
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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conpri $¥dghRksd €ast one said internal passageway connechipiisgudegdsdti onally-
normal 'y rearward facing discharge port on said periphery to a hub intake

i,d hub. . . b | bl . nbl di.
Gl i m 1, 21 th vRPdE gl ! PRBR RS SuncriRg b PR o7 BT ey S 1

chanber, comangidaiihg SRMISEAD séA| Hadb&SSH Lt mamidiA saidfl pastivéd predsare %ﬁdieﬁﬂrm
assenbly at working depth, and 111111) 1111l HE 11111111 MS 26 WO

01/ 25634 dming S8G0rPEsRd, srechistegial serd achambsy ipnepsutigationoiystemysempysing a
pressure in sai.d.segal chanber falls .bel.ow said press ternal ,of said
ot or - an GG Far B AOMER et et et te 381 TR e R B A8
assendl y taongt kit "thafl RaBOMRIng24 PefIBd OF HdpMSl Bbraticyl 6f aaa%om\ahagmrp ,
out put shaft, a punp and punp housi ng, said punp housing connected to said

nmot or hoessemyly. sai d punp being driven by said output shaft, an inboard
shaft seal on said shaft proximte said notor, an outboard shaft seal on
said shaft proximate said punp, 10 a seal chanber interspersed between said

not or  and, AauEmRHifle mitAdrthnd PRknpCRHINY agd'o?dﬁﬁ% tSE1BEn | NsaRPétlledshEnCpRERES side
faces of said i nboard shaft seal and said oufboard shaft seal, said seal

chanber cdsarvgdbeing ha anitiplicity of yiressuredessenypizs soneectad keassid eepliathambet he
presi@re external of said notor and punp assenbly, said buffer fluid having
di el €2t r PESSEIBPRR BYSEL0- 15 5 seal chamber pressurization system and at

| east one pressure reservoir integral to said notor and punp assenbly for
mai ntai ning a positive pressure gradient wthin said seal chanber across
sai d shafit Assimersible motonbnd peinp| assenoblp acenrding uoslamskthe interiaroudfacgy of o

claim 8, sglglsgallcﬂgnelgerraéxtesn%%llg 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 impeller 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

ey
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20 chambe | zation system conprising a capacity for cbMId uid in
excess of R’g‘géﬁfﬁ ‘{)I une as is calculated to be | ost due tolTea %’gé“% rough
said shaft seals during a period of normal opgeration of said tor

punp assenbly, s&eanyfasdegetivaipg Saidgnetog yhen FRdRTERYre i i sl gg%waggﬁs

operaton. JaopgeEERl oAl ot Rl ol R o P o el ai m

9, said at |east one pressure reservoir being a nultiplicity of pressure
reservoirs connected to said seal chanber pressurization system | lilliil
111111 111 18- A qubmersiblemqtorand pygop assenghly COmpmESIRg | | (| vi(1 VII1 11 1'11 WO
01/ 25634, PCTI US 11, ' nd punp assenbly
accordi n% to cl ?ﬁ@?ﬁ%ﬁ?ﬂ#ﬂ%ﬁ?x% f?ﬁ@%g%%égbgmgg@%lp{:hﬁg’nber ext endi ng

upwardly away fr agmip' gnd E@ﬁgl}ﬁuﬁb@fs‘aidsﬁﬁhp hbtistrige tonnpeted kalbdid neotor hausingd
volume within said seal chanber for containing gas above the height of said
i nboard shafeidpuaip. bemgidriven by sigwbtubshaftyot or and punp assenbly according
to claim1l, furthen ¢ rksi a.buffer fluid ci ation inpeller nounted
on said shaft w taﬂi“ﬁ’o a@é%qqggﬁﬁlﬁt%?ﬁpw( %t%%%l%%(ség(%rd out board shaft seal,

at | east one passagawexrdihiflsdl 6ak4d shafeplogimtORRNEsimpg a rotational |y
normally 10 forward facing intake tube on the periphery of said inpeller

to a di $@har ge persealoamber intespersed datween ispidimeser ichpurep, saiddgseal ghisarey
haf t |, and. | tiplicity. of.radially.orient t fl. i id
Do e SBi BaE o ot o A L B A E8oy e
cl osely adj _@é‘ﬁ,n!iaia R&al &hem8ér EiRkgtdl With Qf biifdr Aluid WhadrSpréddlR- at least equal to the

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

properties,
15 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

chamber across said shaft seals.

9. A submersible motor and pump assembly according to claim 8, said integral seal
20  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.
25
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.

R O O
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15 13. A subnersi bl e not Oj'ﬂ““(ﬂﬂ”mlﬂﬂlﬁmr y conprising a notor and notor
housi ngWOM234pt or havi n c W a punp and REHUSBEERB g, said
punp housing connected to said notor housing, said punp being driven by
sai d out pdt Aswhmersible metor ang pamp assentbly aecording toselhign 8.tth¢ innor scfacepBsaidii d

not or, o) seal..on sal.d shaft ,proxi,mat e I d .punp,..a seal
v REURRRE RNt uBREkP B AR e BRIl YR, e B BB £
conpri si rnited peliuinet Withizh sail Qkals titnter I8 cOitainitiod gas BONedthe i ght SeaLai@nd
sai d outhoard_shaft _seal, said seal chanber charged with a buffer fluid,

25 a buf fisboard shadt serk cul ati on inpeller with a hub and a periphery, said
| npel ker nmounted on said shaft within said seal chanber proxi mate said
out board shaft seal, said inpeller having at |east one internal passageway

connect i ng. A subinetsitsle alotor #Aapsp! a‘ése_rﬁm%ﬁ@doﬁliﬁglfd Al6int Df,FHiRhdréBipAtingai d
peri phery to a discharge port on said hub proximate said outboard shaft

seal , and 28 \Aduffer féd gireulatigm impeiler mounted pn said shaft-witgn/saidogabdBader L S a
mul tiplicgj ' iented stator flanges in said seal chanber
Sl € bk AP

out board sal ) >edge of said flanges being closely adjacent

the arc of rotadtiéash ofé pasdagewaynivatkmh EQ@Qmﬁéllé%onﬁeqiiﬁQn@E&h%lﬁll afiy'd
punp assenbly according to claim 13, further conprising a seal chanber

presdlri fexwasd fapjng intaks tubeson thegqetiplery of said smpeller ¢és e dissharge poe gnahe hab sai d
not or and assenbly for i ntaini.ng a posjtive pressure gradient within
sai d seaIOfgéﬁE%é erﬂ?%gl?%ssﬁl_ﬁgélgm(?s}?%aﬁeglf a’%(Jai d integral seal chanber
pressuri zati on gMRiptity 60 MRYiAlS Dferfed 8BRS latodsOin AW S chidbd dubdxsgss of
such volune as is calculated to be lost 10 due to | eakage through said
shaft sea&pid impellery one vdge ofi sajfl flangesabeing eloatly adjasentsthe drerof wotaticanef ik
assenbl y,im%géglbgressure reservoir comunicating with said seal chanber so
as to .

15
13. 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,

20 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 outboard shaft
seal, said seal chamber charged with a buffer fluid,

25 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
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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mai ntai.n said positive pressure graf m operation. 15. A
submer si bl ¥H2§634and punp assenbly lmm m n]mﬁﬁlﬁ m 14, PEATUSONA888 | er
further 15 conprising at |east one i*nt &rnal "asSsafeway connecting a

rotational |y nor nahtiglRay waradialyd 6tiéi¥ed e ©h Mabesniarshidostal ciaghtRe bupbadyoft 0
a hub intake port on said hub proximate said outboard shaft seal. 16. A

submer si bl e saist impelist, onengsize of saig| Sangenbeing clegely adiacenstthe argrof Tetstign of said
housi ng, saldz%p%q{ havi ng an out put shaft, a punp and punp housing, said
punp hou3|ng 'ected to said notor hou3|ng, said punp being driven by
said output shaft, an inboard shaft seal proximate said notor, an outboard
shaft seal prOX|nate sai d punp, 25 a seal chanber inters ersed bet ween sai d

not or and® sal4d Ppgmhmerab}eetmmaan@p@nnmsembbewomgﬂoeﬂalﬁh % fthes Kampriging 1§ n

sai d seal cha e t he rot. t of sal oar

rount ed on. oarchgeats) reds i Phiof PR RCH i 2 iR bt So Ao 36 orid
within saidg kaﬁhqjmgf asse@bl ﬁ:?@xﬁﬁnt 4 PBsitTPd! Peshro Bradiadnd with@e vsid s38 29
V\001/25634I [ II|I||1IIII|[PCT/U0026898| 17." A subnersible

nmot or and pushembss mtmy said oshdfingealso saidhiimeg@l geak tchamberopyessusizagom sysiemer

on"sai d oI chuite b Eanaly, K riel ARlaa 2K fess o AT Yourd s SRl @ Roe
claim 14,0 sang tbqéan@ ; Eﬂruﬁgb safd §Hag! s%slls%nhgmeﬂehsa of amm bédtich ISk @ Rfbté

peri phery, said inpell having at | east one  internal passageway
connect i ng aandganp @sﬁahbly saix} pressuye resarver @bmmumngmgw&kwd clambep pjas to
peri Phery t oy g ShEh IS rbssdlt lich HBn LK bBLG, 21 @ outboard shaf

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

15 corﬁprising 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
outboard shaft seal.

16. 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 proximate said motor,
an outboard shaft seal proximate said pump,
25 a seal chamber interspersed between said motor and said pump,
a removable shaft sleeve mounted on said shaft within said seal chamber, the
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.

30
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10 chanber configured with LCi t of “radial | y oriented stator .
fl angesWVOMBHId of said Mu w of sai d f| arcEsstoassvg cl osely
adj acent the arc of rotation=x0 tube 19. A subnersibl e notor

and punp assenbly according to cIa|n118 further conprising 15 notor
cool i ng housi ng, said notor cooling passageways

d
comuni cglta/'S Wy Sgllélqﬁostg’lé% WED‘}‘fglr’rﬁéﬁemb%?‘ifo}’%Fq dpinp 6\ futherocqmpusising 2 f or
f pu
hs ey Takter b ciftuddot EhpklEY Gclhn % sca) FAMVEL Dol PP inciBfeaBi Big,

| east oneldemt.er nal passageway connect| ng a rotationally normally rearward
facing di scharge port on said periphery to a hub intake port on said hub.

25 30

18. A submersible motor and pump assembly according to claim 17, said buffer fluid
circulation impeller comprising a hub and a periphery, said 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, 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 impeller 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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