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(54) Title: SUBMERSIBLE MOTOR WITH SHAFT SEALS

{57) Abstract: A submersible electric motor driven pump has a mo-
tor chamber and a pump chamber separated by a seal chamber. In-
board and outboard shaft seals(MS1,MS2) immersed in an oil buffer
fluid within the seal chamber restricts the flow of liquid from the seal
chamber into the pump and motor ckambers. An integral or externally
v I mounted pre-pressurized buffer fluid reservoir (PA) maintains a posi-
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L tive fluid pressure in the seal chamber relative to the external pressure
B~ I‘ II at working depth, and maintains a sujtable buffer fluig level within
S i i the seat chamber, in order to prevent the ingress of the pumped me-
Qh L Tl dia through the outboard seal(MS$2). A unique impeller design (631)
circulates fluid within the seal chamber in the region of the outboard
M1 shaft seal (MS2), allowing continuous dry run operation when used in
d conjunction with an integrally cooled motor design. A cartridge shaft -
_J-f—FIG. 5 sleeve subassembly, having a bearing (3) configured between the in-
oA \ F /.-’ . board and outboard seals (MS1,MS2), facilitates maintenance.
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the seal chanber, in order to prevent the ingress of the purdéprl@®04di a
t hrough the out board seal (M52). A unique inpeller design (631) «circulates
fluid within the seal chanber in the region of the outboard shaft seal

(2 ol Lows ng corty nuouswiy o s 884" A1 o0, INEMIARMIAMERYIE0MI" "

subassenbl y, having a bearing (3) configured between the in board and

out board se@ILY. MMS. FIVERR.JOAPfpatei (BF. BIACFREG, M Bb-@madddSand atierdiFebiktiond Gk MCGRA | 25634
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Il LI, MGissdl, PT, SE), OAPl patent (BE™%EBI" et s/ "E6f “ifo- | et t er - codes
and other‘aﬁ%ﬁewﬁ%mﬂwwmﬁmmefer tothe' @Qid- C, CM GA GN, GW M, MR
NE, SN, TlI), TG. once Notes on Codes and Abbreviations"appearing at the
begi n- Published: ning of each regular issue of the PCT Gazette. --- Wth
international search report. 2 April 2004 WO 01/ 25634 SUBMERSI BLE MOTCOR

W TH SHAFT SEALS BACKGROUND OF THE | NVENTI ON TECHNI CAL FLELD OF THE

| NVENTI ON PCT/ US00/ 26898 This invention relates to a subnersible notor and
seal section for a subnmersible notor. Mre particularly, it relates to a
subnersible notor, its ability to operate in air or subnerged, and its

mai ntai nability. This invention particularly references conbi ned
subnersi bl e notor and punp units, although certain features of the present
invention are wuseful on subnersible notors that are used for purposes

ot her than the operation of punps. BACKGROUND ART The term "subnersibl e",
as used herein neans that the notor can be surrounded by a fluid, which is
restricted fromaccess to the interior of the notor by an external casing
or notor housing that is integral to the notor design.




Submer si bl e nmotor driven punps are wi dely used for transferr2Agrill2084i ds
from sunps and wells. Generally, these punps include a notor, and a seal
section that prevents the ingress of the punped fluid al ong t he not or

shaft . SUBWEPE? $fe notors have been designed with bot PCTHBI00/26888 dry rot ors.
Wet rotor designs incorporate a rotor chanber filled with a conpatible
fluid to lubricate besgipMsrBIEMOPYR WEHE SHAFESEALS d must have good
dielectric properties so that electrical conduction does not occur between
the fluid and the notor w ndings. There is, however, a disadvantage in the

use of a fluid filled rOt@ACKhR@@WD@PTHE@UVENTWUS drag due to the fluid
properties will result in a decrease of the overall efficiency of the

notor. This decrease in eff|C|ency can becone quite significant as the

ot or  §i Z&pclReE SEFES D dF PHARTVENARRG WO 01/ 25634 PCTI USOO126898 Dry rot or

desi gns have segregated nptor and seal chanbers whereby the notor rotor
turns in a non wetted environnent, or dry rotor chanber, reducing viscous

drag and t herfﬁlg nq/ex%ltfb%rrgl%éé Ba ts%f:‘ne %fﬁé ?Aoltor%a Is&h @&'ﬁb{n @Jr 4 iRl . Dry

rotor designs I ncor por wo nechani cal seals, one |ocated at
each end mfotﬁrhé.dcseadtmathalybenelat&’m assmbinersibleamason its ebility|tp eperalp imaip Otonpati bl e

Separat | ngUEHEToEb nanberayn- | P ERghilR RGOl i) THRgRE 2pe

e sea e out board seal
separ aoi nguﬁzﬂiwsﬂaeaiomhmﬂrbaﬁp hm@scrammg}pwmmofeéthms of thé pesent éviertiongie t he
unped fluid for jits. cooli rlcatlo ?Egg e notor is
Pmrr"rgr sed UREfHonisupmessible Eigposs tg?lt afen‘ife% ¥ PR LhF A \gggigé O%C%H ﬁh?ls i ncrease
proportionately with the depth of submergence - approximately one pound
per square inch(gressure for every 2.3 of subnergence with water. It is a
wel | - kno sses and fluids will always tend to flow from areas
of high pressure towards areas of |ow pressure. Although subnersible punps
|ncorporate so_cal | ed .
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.



"mechani cal" seals to prevent the ingress of fluid into the 28pdir200dvity or
rotor chanber, these seals do not seal, but in actuality restrict the flow
of fluid to very small levels. This fluid flow creates a hydrodynamc film
on the maYY28%434| faces that prevents overheating anBCHESHRBMIN e wear .
Under normal circunstances a subnersible notor always has fluid noving
across the seal faces fromthe region of higher external pressure towards

the region of HOVWGE: difHS i&'&eese%féﬁit&!emtog? P ch%@ﬂ{@ﬁe&#&ﬁﬁ% mttoﬁ:ip ical |y

rely on sonme formof electroni nmoi sture detectors | oca n the
nmot or cavietoy turgs ingrnenwretind ewindomentyve dry wptir¢hdusler, redicing diseous elveglantd hat poses

a danger e: Fm:gr; r I L&e. seal st hat slow the. i.ngress of
fluid suf%%gtfogn% y T Br oV %i g@gﬁ%@?ﬁlﬁiﬁoff‘y offDPg'r rqtoT cei‘gfmgﬁfaE’t’pmsan%mar sible
desi grfs hiascepazate bwe mdchsnicd skas, onefochied xi dakle ericofi thesehlochambgr. tThe sedi nt er nal
envi ronne te frombut.in ¢ ni cati on w the extern fluid so
as to mi%@?‘ﬁq%ﬁ@egl vélr%%c%x?m&)l};’lgrsh%‘ﬁf at()sﬁrvf#é’ ca@aqgﬁ%gﬁﬁe 8’52%‘??0 &se devices
have t akenbdatte sdabrsepaatidg Ah¢ irbtoR ORnBAD a0d /t1RD 683} chaTHet/SOREL 2618&8d @éal pi St ons,
bel I ows, and bl adder.s.to nane a few. |, of these devices, . although

appr opr i at& g ec*@a‘fﬁ”ﬂ%?‘?”ﬂh’ﬁ%ﬁ%‘,’edﬁ"éi Qﬁ?glﬁﬁt]ie%‘? eﬁ’B?’Piijp%‘f‘%%qrbtﬁ in

envi r onmatblng and @ibrivdtioh, gr ease, sludge, or solids that tend to defeat
their 0m)vemant ability. Sone designs have provided a non-subnergi bl e neans
for p]ressuri zing the subnergible notor through a connecting hose or the

l'i ke. These r @8Rk WQubferRiBMandtiili Ginkied AR, $RSLBNGINHBSxSRRB EA&s SUPpPOTr t
systens tq the subnersible notor and are not ‘integral to the notor design.

U.S. Pat éithapotosingregse groportisnsely sviiadhogapth of pubmagence r eprpymelslypnfot or
housing  foGat Adrafibe SRl plécRirk i Qlery N3CEH AbmERAcE RIHPISSAASS = i OUgh whi ch
buffer fluid is circulated by neans of a co-axially nounted shaft driven
vortex stippwn ffaphEiap gpssesTand sf will glwesctendatesiénvh fromeageas fof Gightpvesswret or and

transfeer §ofdifs BRA of 69 f:B8uRY nﬁ?tgnghLgugmgxisﬁlecﬁlﬂgﬂécﬁlwrﬁorate 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



heat transfer through a segregating partition that is comon2t/prib2@d t he
buffer fluid and the punped fluid. Wiile effective at renoving heat froma

nmot or runmyBQissiz4ai ., a di sadvantage of this design i %Hg | t hough the
notor can run continuously in air, critical surfaces ofsP Bl]"zc@tsboard

mechani c , ci.fi I he cont agt.i rotfating and stationary seal
f aces, tragtp &&g%,é; egﬁgsf !éé:dtlﬁ%igﬂfy’rté %afen?eoarfgw ﬁ‘ilé)?%ﬁfﬁ e&“’fﬁp?‘“&ﬂ‘ PHORPEY adj acent
to a snalfer deamuényiodments drebynstituble ftioperstivafia cavithnseat IAONPORMase, Where

el

little re LV i oL.cur tween the buffer fluid and the critical
seal surf%@gés’.og E@%%é{;tﬁn%&g%?t goPmept Al | shed Sept. 1, 1999, operates

inasimlar fashion wutilizing an axial flow style of inpeller. Wile
ef fectd ve at enoving heat fro notor . running in air, a djsadvantage of
] SPIR® dostins BAYen BIRYHCE Ko TRBSUIMSERIR (508 JHR (PHTEEIng B i &

t hese designs st

critical ssomérgibanetbr thimgl dicb@REkhe REN ANhE fike. TBAe re®RBES hivea)didany he
seal faces, that are subject to

cont acti r]% rgt ati and stati onar%jé S )

frictional "hEAB HUEISTPARSS SURPY SYStEs tthe sehmsesible metr andsaranot iefpgieli®s f or ned
by the puhmpmsdbeddsigand seal conponents, wherein little relative notion
occurs between the buffer fluid and the critical seal surfaces. 3 2 April
2004 WO 01/ 25634 PCT/ USOQO 26898 The buffer fluid in this stagnant zone does
not provi de sufd,IsicNNoC 984408, biuildhes AANI AR NRAAEPS ltod fifigit Doar d
nmechani cal seal, which thereforé nust réely on the punpe 7 urd For

cool i ng. <PRaigIng grplyplity ebimtrgral envling paseageh dupuphpvhichsruffanflagd is aculhtedii d to punp
and the tdo S r . i ndi ti,on [ S or vapor
pocket Sm%ﬁ%gf)? hCl(e) ext%%ﬁoéjﬁ ggusr %ﬁgggéno*ﬁeﬂesg%u%g‘%d fﬁ%z’f’&?ﬁ%@?

over heat iahggrisfheatfzormitel motos aal trdnafessthaheht i beguymeat fipidesmtandectai | ure of

the outb i cal seal. can.occur.. Therefore, the_ sphpersible notor
is not cg’%grf“g@%% I’Qﬁlﬁ%% REephPe 5%@%@5‘ If)‘é‘f’%?i’smibﬂﬂlzg?ﬁ?“g%?l ﬁl’geﬁ'ﬂfié]ﬁmere t he
nor mébl y ppmpakbsd. Watiteedfestive htvemsviag hédd fromutnia@rohrigah af achSdadmegdr v,

wi t hout d . OCGUITI t he mechani cal seal faces due to heat build
up. V\henog{sﬂa%!%islﬁn ﬁ;ﬁ%}ﬁwﬁﬁhgwpﬁ’t%wm copfipuously i air, erdical fyEaces AKPE unent at i on
in the waytbedrd hRatnREIR84l] specitfi@M® theGoRtaEt Rl Fotatinpeld kidGoralvkeal fiks, ¢ eased

vi gi l ance_on, .t he Blar,t aﬂx ottj)erators to avQid these Probl ens. These
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.



options all have undesirable expense and reliability issues adpolcdladed with
them There have been di scl osed subnersible notor driven punps with shaft
seal s thatwoplr (g%i‘;de a sealing arrangenent where the notor rotor chanber can
be pressuri2ed ith gas froma renote source at a presSGr@SHYISM8r t han t he
surroundi ng fHFig"ThiS hi gher pressure is transferred into the seal
chanber al ong TEhBUER Auid ik ieemant rons does et preyide suffigient ¢pelingjat e nal f1 ui d
into the weaing laBPerthd 5AH0R heddRcd Seal, Wi AR Rdfore M defHGRSplpel | Ui d 10t O
the notor chanber fromthe seal chanber. There are, omeve?,

di sadvantHge®r reoling g mndanesmdition whera iths pymhesrupioat efifhiid wirymp ashanber for
pressuri zgd i | . ) ! ' i ‘restrict'
flow. One d?ggﬁ%{gﬁ?ﬁme&%ﬂ% ﬁgin%tcﬁgdlg(g%a‘rhe???%asg p#tﬁlr %%%%%ﬁl"fﬂs%ﬁart ially
dependentextsfiah swfngss of the| aythoardf selufafasr oveglbatingnpf thie mating ssdafecestradber . There
IS NO Pr Qyhss | f L} { r as it
ows From bR eheShNGRE Hethted kit el B A PP T E

di sadvantsagfecreible miitey is st gpatilsof marting foe exteddadrperifds i eyswndifedwhas exceeds

t he avai l f fluid t e ree that once.the buffer
fluid supp ngoqm\%{\nﬂ{ ﬁr?ﬁes?&\vggésge%”ga%eﬁé’%r:igheer(fugbloéﬁesf‘ﬂ%%ef &, avsﬂ?hvﬁu a8t i nue to
pass acr gseurtitpetostha lmdehadm! sodl fheasudie 6 H2atApilid| up2 B0ken WD i 2 podfing

PCT/ US00/ 8 this w.ll l,p_prevent t.he ingress ,of external fluid across
the dSal ARt i eftires adioRp e Hon i Firr el ire< bt BVHGEt he  f act
that gas and thadike;\or iefdsedeigidide ondhd paRrof 6@drRork fitaveRiahese bABRMsOThé&e Mechani cal
face seal that Bas bgen esigned for. ljquid [ubrication. Subnersible notors
are of t ePPBT &l v updssitable prnpnse g pelighility isgves agpoiptpd WHB M- shaft  nore or

| ess perpendicular with the earth's surface. Gas, being |lighter than
liquid, tends_to rise to the highest point within any contai nment. A
common pr obl efieR; havedpmeiselpssd submessible majorydriyen prephywith shaficserlsdbas| f aces

ar e abt eprdvitealLalinddhatRent Whdrd e Bot §5tbr QiDL Saibd Petkurisdayi charber,
for the ?ut board nngchanl caf1 sea ;ear?gﬁa‘?tsro g’hjgacent P‘Jg tuﬁe ﬁ?ﬂg% st
from a remote source at a pressure higher than the surrounding fluid. This higher pressure

is transferred into the seal chamber along the shaft thus preventing the ingress of the
external fluid into the seal chamber from outside of the motor, and ingress of fluid into the
motor chamber from the seal chamber.
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



points within the seal chanber, for the inboard mechani cal s2pPil288¢ gas
that is present in either the punp chanber, or the seal chanber, will tend
to col | ect wiyor 64484 hi ghest point wi thin the chanbers. 'f*cﬁ?ﬁm@&?s pocket
restricts the surrounding liquid fromthe seal faces, overheating and

pr emat ur e 4f: al esul t.. The nost ¢ n form of subnersible
appl i cati ﬁ]é})vkslylﬁtﬁp &/get@}ﬁggln?g?%?f{%%r?%w FeRoss @EI *@Tg‘%s’l ‘é&é‘wéﬁ%ﬂh but
i ncr easi ngtepatmey seak faiinme nue ity the Fament gisois neLvdR@US édoliglstol 1abridate thaghast ri al

applicati re, abrasive L a.and/or c . ca may be the bner gence
e R AT ARl o TR b8 O iRl OB L R BB, bl 0 ot or 1 o n

desirable feature to mnmany users. The use of renoted reservoirs or renoted
pressugizatio Qur G stricts this portability. Al so, in environnments

where 3ol ids art "ﬁf‘-‘éifgﬂ’%’?’f%%f?? Fhgricgfedy yercalfy, vtk the,axigef the mofps shafhe heat

transfer sword@das papeidivblafoith thee@8R’E buitate. | G2, FERQighter Mah by, th@iskd ansfer
heat to the SLH%F‘D nding liguid. This results in premature notor failure.

Subner si bPE 7000 et PERt Fiilp sy contEpmen. (4o eorpmen piablemipdh susmepitier | ow

areas wheiis i theithéisedRhibf Géal A0 EoftdAGodatel TBAMnIIY HRASHedt Soinl diti@psf er al |l
of the collected |I%UI d to another | ocation. During nornmal operation, heat

i s gener altSPYIPt Fhembeth dorihe Srberd meshaniqab seak and | also lieent tqifheshigast needs to
be renpvegoihts Mithint8e 50! SanfEr, Fir 1 ihboaltinbatiBal 30 ArfAMS 1o PRRIMEE MOt Or
failure. Early submersible designs, relying on the Superior heat transfer
char act er Fither B¢ rympr shamiger, e thstseslechpmberawiibtend (te golleptedt thbighest ppint 0 be

subrer gedyiuin b Ol | ' ' ] at proper
operati onwgt?ntt%egéﬁgﬁtr)r‘%gsﬁfﬁ e%% FF& torggﬁ%ﬁ%%%g%g 3@?%@%&%@3@% ctated

t hat al | ®¥erheaténg and prechaborfadum of 2 fpel mammesudtd from t he punp site, thus
defeating the primary purpose of the punp. A nunber of inventions have
successfully dealt with the issue of renoving heat, fromthe notor, when
t he stbner si blTde mysbeonpeenives ofinbmessitdelapplitdtioninig watee asislofien &ivnlién t 0 punp
the |iqui 0 0 | evel .bel aw,the notor. The nost.co n. .designs rely
on el t her il ek PecPm e et M Bnthon R EienL b SR T o

industrial applications where abrasive media and/or chemicals may be the submergence

media. In these environments, portability of the submersible motor is a desirable feature to
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



housing, or circulating buffer fluid, by means of a radial bLppga|ddgs W thin
the seal chanber, through jackets within the notor housing, Imgast cool i ng
fins that transfer notor heat into the punped fluid for cooling. The

di sadvant age_ of these designs is that although the notor is now protected,
the mechaM@U®P4ce seal that restricts | eakage al ong PREVENAE®E from t he
seal chanber to the external environnent, relies on the punped nedia for
cool i ng. THested batealk of dheskipyideeoidymas berpmnaved Somdhe Ruapatite.ches defptingthe ng

conpl et el yprmawpmse%@ﬂgﬁg periods, wthout damage. Wen in a punping
application thi's requires added instrunmentation in the way of | oad
sensors, level controls, and the like; or increased vigilance on the part
of operators. }hgss, [WeTek a, i e; ggg ljability

i ssues associ a}ed vvie{ ﬁpt %&én%é%vg%@?cg%sgﬂlg]%%mﬁ églgs%?g%e g%la{éce of
machi ner y frogm the | mefa hivhens the tshbmesiblegmotonbesemen gngareted;, alowingubgect to
wear, and ks Ladi ey R k. i i-nte . ln an
mdust 1 ol o v D o Rl AL P beloRRL bnondf? RSBl "
can of t en dafignscrelnt be eiherr minpiny dguid tthwighy aofnalap cleodss aroond éhrey mownment al

safety wh . . - khvol ved. brmersi bl e not or as .presently
const 1 uct aaingt b stbElte Al nNOby Buns B2 PRLE bl R e o oBREE DY et
conponent shrofyhgpaets withinghd mbioo howding mbeeolidydins kmcminisfagmarne hdat irkd thg of t hese
conponent s_ i ndj vi.dual | t hereby prolonging the time required for assenbly
and din@as é"ﬁ’ﬁfdyf.{“‘gg’rﬁc’%%‘%il 2004 WO 01/ 25634 PCTI LJ500126898 SUMVARY OF THE
INVENTION It is an object the invention to provide a sealing arrangenent
for electric or. driven_submersible pupps that overcones th

(i Sadvant ages. s Sepdvinath o Rierieocgy s ok Sffheh B meiorq o0 prusergrine

i nvent i on meshdniraPfa0d kb that REticl QsdkhdevBorpl 1616 ShAFE flom thé Seab Edimbet Radber

relative to the external fluid, where the jngress_of the external fluid
bet ween t ﬁéternal environment, relies on the pumped media for ¢ooling. Therefore the submersible

15  motor is not capable of operating completely dry, for extended periods, without damage.
When in a pumping application this requires added instrumentation in the way of load
sensors, level controls, and the like; or increased vigilance on the part of operators. These

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.
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seal faces, due to solids and other contaninants contained ihAPH&E084t er nal
fluid, would tend to reduce seal or notor life relative to the life

obt ai nabl 1t cl ean, conpatible, fluid between the seal faces. Another
object is {0 provide an environment whereby the submer SCHUEYEEEEr i s able
to opera&%&gﬁw time period, that is, to say w thout any
cont act rd for cooling purposes and w thout damage to
the seal or notor. A further object is to provide an environnent whereby

t he subnersible. notqr i able to operate dry for an extended tinme period,
il thout | Ganmgdt g fhiech e s foomovics & gsalal auS esmeRGT FGtHAR iR

di r ect i ondrbven tdbinersitilo pumpéaliat 3VREORRE the lajsedbnthdes hetednANd §ifbr @R, envi ronment ,
where gas that might collect, wthin the punp chanber, adjacent to the
mati ng” faces of the outboard nmechanical seal, that will not result in dry
runni ng and r espdri@ildr oBjéerdre@nd indehtion istth BrovRIE A ABH fositivé fatsurcAR @leles obj ect s
to provi d%@.ﬁbseal _a%;gearlrg% arrangenent that allows for- decreased

i nst al | at FPEROEn A ¢ exterpgl fhuid, whrs tacsingress of thsextermal uid bsgerddst s, as
conpar ed sehiFadellafue By QUUSRMA oMér BRSNS REIRES inthCe il #0R1, Wodld ki | 2004
Anot her object is to provide for the above, in an environnent where the

ext er nal ©feuEs sl Pt mews lify rslative)iodbe lifepbiaingble rathcapleap, aemeasibled8uidnd ot her
cont ang Nagkyeen b3 se4i®fRe@ WAy SO as to allow the surrounding 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. Ano J: i §§l§v“d§. [ ] a] chanber
with a dry ro%b‘glrgﬁwlg&eyé%g% t%gmg@c %éng,yy %%n% g’% g eaét @Hgﬁlebrlé;%l?%ggg l?i ci enci es
t han pr oviP deeralsydrivder anotxgendeti tiing pstioditiot fseto edyj without anyt econgacowithlenf or

Fhat “voul Aerar i B8 SBPEbo R it it ARl BBl PHEREL) U™ ot ner

objectSis to allow for pressurization of the sea] chanber with a dry rotor

A further object is to provide an environment whereby the submersible motor is
able to operate dry for an extended time petiod, 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



design while at the sanme tine providing an integral resegwgrd 20041 epl eni sh
the buffer nedial |ost during normal operation. O her objects and

advant ages of the present invention will becone readily apparent to those
skilled in this art fromthe follow ng detail ed description, wherein we
have shown and described only a preferred enbodi nent of the invention,
simply by way of illustration of the best node contenplated by us on
carrying out QHBthérer%%{ 1sQ prdvitic AL ABRCEinUnt dhvRodnieh ivh @S RRCdxtal t he
present invention ere is provided a submersible motor and punp assenbly
conpri si mgtor surfatscrre eupdsednd bquidsaasyingsolidaard ot oontarhiganits) (n sinh awkput shaft ;

a punp and pu housi ng, said punp housing connected to said notor

housi ng, 5&&i' 2 ”ﬁ%ﬁ%%rrﬁ@ Be; evélfpnsgfr‘n%ta.ca%mme beph penerated by s, BI0E  shaf t

sl eeve  gRydh %ﬂeaﬁlﬁgje%{rﬂn&ﬂ%ﬁv %gar ﬁﬁ;to& AR RER] §21 d motor,

the rotating conpohents of seal nmount ed on said sl eeve;
an out bomhibitgigakit nassddr. pr oxi mat e sald punp; a seal chanber interspersed
bet ween said notor and said punp, said seal chanber conprising in part the
chanber side faces of said inboard shaft seal and said outboard shaft

seal, said segn%ﬁ ‘g{ﬁg ﬁ&ggxmnégng buff Q=L%P%%P ndeﬁdgagﬁﬁy%e at | east

equal to the pres

assenbl ygaf Vé:@Fa§<t'o@goxd‘f‘&tgrhateﬁaﬁeﬁjatlﬁg'fefffﬁfen&és%ﬁ prdd3aekiBg wii BlaRadsigns. Properties;
a seal chanber pressurization systemand at |east onhe pressure reservoir

integral to said notor and punp assenbly for maintaining a positive
pressure gra thin sa across said shaft seals; a
buffer fluid gf‘?tg‘?ﬂoggeicb‘ﬁ 9 Pﬁ%‘af’ ngthsﬁq'gam@mw@% WP sai d seal
chamber B{e%%Bx?sﬁé}thQWogﬂ%r% Me,gra of th% eréﬂgpggs% ly having at | east
one internal passageway connecting a'r tatlon y normally "t or war d facing
i ntake tube on the periphery of said inpeller to a discharge port on the

hub of said inpeller proxinmate said outboard shaft seal; and a
nul tiplici ty Bpotheaibiget i to pllevh fas pressugizgdion of |ﬂem~z§élschrdwb@awai & @) TR anber

out board | er . one..edge aid flanges hep cl osely adj acent
the arc o %p %ﬁ]ﬂt‘q |a{otﬁgg estgfl %Ipmwtd %nng%%‘%rsﬁwg%c%rg %Iﬁlg% W %ermeseil:ond aspect

of the preshfhg hd¥RNpeRon.t here is provided a

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



subrersi bl e notor and punp assenbly conprising: a notor amgdQ0e4 housing,
said notor having an output shaft; a punp and punp housing, said punp
housi ng connected to said notor housing, said punp being driven by said
out put shaft; an inboard shaft seal on said shaft proximte said notor; an
out board shaft seal on said shaft proximte said punp; a seal chanber

i nterspersed between said notor and said punp, said seal chanber conpri sing
in part t cg@gng S id
outboard s%ﬁ?t seal f???gmgggﬁﬁI%%%ﬁ%%%ﬁgﬂg?g@%“%ﬂﬁ%&a§%€%?g§d$ﬁﬁld under
pr essur ehaftng cﬁasdtnceprupﬁmdspa tdabchambasueseurzaticarspgém afid atdedsdon@ghra@surand punp
assenbly, said buffer fluid having dielectric properties; a seal chanber
pressur i FATVOh 8§ densaid dnoder andauipogsectibhy gﬁéﬁ%’é‘ﬁ@nﬂéslé‘?s%ib’le Prespiegral to

sai d not @rqul [[T}%Id &35 %’K%éf acrog‘; sg é‘ shﬁfsegls ﬁﬁise% é%rmﬂ{)}m% h%fgr mai nt ai ns
a conti ntious positive pressure Insal er across
sai d shafbugenbis said Hede G@mdﬂd’éﬁﬁsew dhBmBertpRxiata SE Ghitbedrd b RIS SLMt
invention, there is provided a subnersible notor and punp assenbly

conpri si hlgpeiler haping at laasoonmtomalrmmgmy cwoinﬁ@tr@ationhléwﬁxqmgalwwfoomr@ut shaft;

a punp a usi hou C ected to,s or

housi g, Pagggaﬂ"%ﬁrpﬁb o e G e SReD G B bR P SR o5ME ahat ¢ seal
on sai d ygPabd profitXleBuiRhd Rt Oi; A0 2OHEIRAREY o%fﬂa%lﬁatllyﬁﬁéhtec@@tat%ﬁ' d shaft
prOX|nate sai d punp; a seal chamber interspersed between said notor and
sai d punfangsaimdsaidadal chenbbe putbeanp of said gmpelleBan? edger off saBDBdngeabting he chanber
side faces of said inboard shaft seal and said outboard shaft seal, said
seal ch&lﬁﬁ&adﬁ‘i@}ié}ﬁ&rwftr?faté{mo’éf?‘%}maf(FH‘ib‘éi a buffer fluid circul ation
inpeller with a hub and a periphery, said inpeller nounted on said shaft
W thin said seal chanber proximate said outboard shaft seal, said inpeller

having at | east acdt@aricB tvethnAkecHRD 5pEL WA YheGRERAICHVdM ol therrolisalbxbﬁaai hy normal ly
forward facing intake tube on said periphery to a discharge port on said
hub pr oxﬁubale@gté%matoomdmamdswbmwg@wmg amepter ant moiqs hpesingy said metedi al |y

ori ent ed, st at or in said s r _ou board of eller,

one edgeh%f“gs"‘é‘. %P“f‘ﬁt 5 eé‘ PyRP £ PB‘F‘B?SW%&T ?Lf*?é“ga%“%%grt%f% i on of
sai d i nt gker htkehe, 4 AESPS el Baid oﬁtgwshm,%mtmosﬁmﬁ b&1 Bf es€nt

invention, there 1s provide
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



subnersible motor and punp assenbly conprising: a notor ad¥prig084 housi ng,
said notor having an output shaft; a punp and punp housing, said punp
housi ng connected to said notor housing, said punp being driven by said
out put shaft; an inboard shaft seal proximte said notor, said shaft sea
including a rotating conponent; an outboard shaft seal proxinmate said
punp; a seal chanber interspersed between said notor and said punp; a

r enovabl gart thé eliainbst @de/facayol ptid thbodid slaifides had saidvbithoard shaft dead @aill sedhanber ,
said rotating conponent of said inboard shaft seal nounted on said sl eeve;

and a shdrmbeednisad it Beélkr fiRg: 3 hpihariiuid eirquatign anpelies vith adub gndaal

chanber, i d i | d.on.sal.d sleev ril 2004 01/ 25634
i Usoor BBy R oSl R o i A PR iR o B8 e S 2 o
secti on aitbat SGRARNAEAE iMp@Wr Qhvide RBY RAR Iohe tht&iilogkABRay @hndchigy hnventi on,
an subnersi ble electric notor and punE assenbly that incorporates an

i nt egr al rotatighallymesmallyi fearard frcihg\inteke uhapn sad pesphary g asdissharge peréser voi r and
accunul at oy, for the notor, seal chanber,. Fig...2 is a.section,vjew of the
bl adder - FYDR e Bl R el "o g iy o Ridf s e sect | onal
view of ARRENSS st 6laP LhRthe TRBM AP LaiQ imbdlRr,| 4L 8 said AP WRIg! bl € ot or
with an internal inpeller to circulate a buffer Irquid for cooling of the
not or andodcherdear tirgragfaotstiml of sad intadke gbeassenbl y , and for circul ati on of
buffer fluid and cooling of the mechanical seal within the annulus forned
by the outboard nechanical seal and the motor shaft. Figs. 4A and 4B
depi ct detai | ﬁl %Eorﬁi%s'me% 'f&fnhda%gécg 'af [h%f ‘?és%&dinffe%ﬁb{' thrd 1 ﬁm@meﬂg”r es5is
a partial sectional view of nechahica ce seal and bearihg arrangenent
that al | gvmefsile mapt shaGhandeseaibly @ptikitg $0at6r AdGndd@dHohdish, silidosrr educi ng
shaft deflection, at the seal faces, due to radial |oads, and reducing the
overal | payifigean ugra shadk atpeapiani pang hopsing; s#ig pump housing connected to said

motor housing, 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; 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 impeller mounted on said sleeve.

&b



9 2 April 2004 DESCRI PTI ON OF THE PREFERRED EMBODI MENT Ther e2 APH! 409ftee
principle elenents or features of the preferred enbodi nent of a

subner si bl o1ésar - dri ven punp. There is an integral |y pe@ridbhdRdsss
pressurization reservoir wused in conbination with a subnersible notor of

the dry rgipr pERORIFICONWF T PRAVARGY e I n the seal chanber at a |evel

hi gher than that found in the external environment at the working depth of
the punp. The subnersible notor incorporates a renovabl e shaft sleeve or
car tri dge- mupfed i PUGLIRES k&ﬂoxﬁ&vﬁi&i Tgrlmawie@sﬁgpﬁkafmd\éﬂﬂb&ﬁh%&m litates
installation and renoval of both conponents, wt e bearing located

bet ween tohéhe inkeiien aansubmensiblsoddecttiocmoton At pmps asstrebly Kt incetpores @nt hi s

renovapl gysheeus fp&%s%%wc&ﬁq&%@é %ggsmtr@gn&mﬂ aﬁma?m%tﬁg@%%i on to

inparting centrifuga unpl ng action purposes 0 cool i ng,
convert s mqteisedl ¢hamber.gy into fluid flow that sinmultaneously circul ates
liquid along the notor shaft for cooling the shaft seal s- thereby all ow ng
the notor to run dry for extended tinme periods. These features, which can
be applied ei Fige? issepetioatveiwoftire tiladdeaygs messuro agcumnietor deffigrieated as: (1) a
pressurization reservoir, integrally nmounted with and segregated froma
subnersible notor ; (2) a conbination centrifugal and picot tube inpeller
faor Béth | ocaFigahds a pantiabsectionll viey of ianathe: gtafared @mbaditiefitf of thef ihvendon,and (3) a

ueh tnat PRETBRASRSH OB SRt i G FrERR B S a ke~ T

mechani catoteaad she @aihavdid Gkal \bartridga bsemble G end1id airanldtios obbiffeg Flufdl antid

i npel | er, ere used, Reference is first made to a portion of the structure
Shown | n PIHE of b e din tbeelir}tﬂ%stfp'a%ﬂ%@a B¢ owBears meelgRias g or

mechani cahd $he wiotd? shdfe notor housing M, is fitted with an outer cover 662.
A shaft 1 extends fromthe notor housing ML through an annulus in the
outer>shel | 661 and another annulus in the outer cover 662. Mechani cal
seal s M5l NMOUREEAA QQBRABHIEY dedikls ¥f thdintdefertdiB refi@l to iRGkureief €rred to
herein as the Inboard seal, and nechanical seal M52 nounted concentrically
in the outer cover 662, referred to herein as

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.



the outboard seal, restrict | eakage of fluid along the sgflgt (beorm
assenbly of the outer 10 2 April 2004 shell 661, the out &t B8 662, the

mechani cal seals M51 and M52, and the shaft 1, form what will herein be
referred to as the seal chanber. There exist many commercially avail abl e
mechani cal face seal designs which are proven for use in restricting flow
of fluid, fromhigh pressure areas, to |ow pressure areas in rotating

equi pnen This invention is not dependent on the particulars of the
mechani cg?Escﬂgégo%%]f THE®R W@ERE}B@&‘ PENT f ocuses on creating a nore
favorabl e environnent in which the mnmechanical face seal can operate. The
seal chanber serves to house the nechanical seals and to serve as a
reservoir forTherepi®tteet pritiplel dlbmentsért fofibreY @8 tHeOprefeRbd amibbdim& icgat e t he

seal faces. This fluid is comonly referred to as the buffer fluid. The
buf f er f [suhreerdllp Meforndrves pump. Here Soy intsiznaby foyitdd peessunigatiob geservioirbr i cant

and diel ectr.ic oertl fficient t revent shorting .of the notor

wi ndi ngs usedig e ?lgbeu rlwétgtaesu Iﬁg51§i§§?°t?r ge@ d%(/é‘il‘?r&ﬂée SWg?JEP%?Fﬂ“V Bvail abl e
oils or %el sehal KiRnbPST al&elsmgﬂi@\&ﬁmbﬁ@ﬁfohﬁ&l'ikﬂth%%xkeﬂ?ell%n%odzﬂéﬂwafjth*é‘if fer
fluid. A pressurized reservolr PA serves as a reservolr and

pressur i zatkivgdeptueicks fup. Thesubgeaible hatwb érorpbrates r&ﬁﬁvaEleg;hafEslel@[el cts a
typi cal commerci al ‘Il%%daval | abl e pressurization reservoir of

gas- oper &t E8THEO W’%@"@HHS R eI TR YoichHpglitptes ’Fﬁ@u%ty’ﬁe of
reservoi rand SediRhi %bgﬁl'é gl]en?ss Ehsthfe"i%%gﬂe%?[b%gtje:&%e eelli %llle' mbE) HUSt be abl e
to transmt pressure a mec ani ca 1 Ca SUCh s & pi'ston or
spring, fombnargasecmmlsme Mpinted @foathis GeRbYBR! l@Re 1R 6 haRjue alrbgam Operat ed
device. It nust be able to transmt pressure to the buffer fluid in the
seal chaﬁﬁféﬁllef that, inadgigonyfo impegkine @ﬂ@é? abpumepjpmactipy foghlmnuaaopfrsmfm@or

segregatl f as..and the fluid so t ressure is
not absor CO%?‘%S e{‘l? e ™ Jgow ﬂ?%ﬁ%&%ﬁ“? Clbcggieéglqu'g@rl s the seal
mat i ng f&ﬁ:eﬁotoid\/@l&lﬁefok tcocmnghhe GRAMS GeaR! &i&ﬁbwaﬁoﬁﬁgltw%&g% it gsheyl d have a
design pressure rating suitable to provide for buffer fluid pressure
equal togexterdegtimaperodst han, the pressure on the process side of the seal
face at the nonment when the pressurized

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

10



reservoir PA has exhausted its normal fluid capacity. AIE?8§§F%§ is is not
an absolute 11 2 April 2004 requirenent, providing a posi essure
gradi ent across the outer seal as long as possible wll maximze a key
benefit of using a pressure reservoir, irrespective of capacity. Referring
back to Fig. 1, the pressurization reservoir PAis connected, via conduit
PAI through which fluid can flow bi-directionally, to the seal chanber. In
used to facilitate

this part] é r case a qg'c di sconnect fitting C is
 nstal | atPOROtnte PBRE T 06k femeeBiHEl sl MShAREMSSrddbr Het e ed wi ¢ hout
taking a ] ' tion. The pressurization reservoir
\Qﬁlﬁ \fvﬂlcﬂg}e{rnﬁ rglgﬁ&ﬁt) aQIfhets ?cﬂaﬂl‘ﬁgrn
gl ‘ e

PAis ri y attac to the subnersible notor housing M by bracket B 1
such that the notor housing M is free and open to the external
environnent, and the entire assenbly of the subnersible notor housing M
and the pressUipesrisbmany eosansyeiplly paileiemsehenigt] faceassaldesigriywhigh atgni t . | t

will ber i apparent. t hat e. pressure reservoir.can be ot herw se

i nt egrat 8§%grill n Bsetqﬁéeséi\?él?%ﬁ?wﬂo %?’%&@éﬁ?re?%ﬁfeﬁ’ B ERCTEP AR y st acked
over the rom@il equipief This ifehGH s §lo Blgedent 8 theafRARRDFALOHRALhahA MOt Or at
the |l evel of the seal chanmber, wth “suitable diaphragm fittings and

connect i davs stabutilired, buthihstead dpduess on ereatingsimdye fivotableravircdnmetthe whithtler or punp
housing, so |l ong.as its configuration does not interfere with or otherw se
detract ISR Ch@RER S ary functions and m ni mum cool i ng capacity of
the overall design. Prior to installation on the submersible notor
assenbly, the pressurization reservoir PA is pressurized nmechanically, or
in this case, Thetdal gasbui #res aafguedthd Medhan@al seald ahd wadew® as @desetw@dira pressure
hi gher than the antici pated naxinun1subne;gence pressure. The buffer fluid

seal char®erPraiplive uiddlat perersito prob andipbricatsdhyvealfaess | Thig flwihiscemmonkyi r PA are
then ch i i e fluid froma pressurized, source, via
the quic f%l%sactgﬁ%@gb Lﬁ‘%qﬁﬁ Eagﬁéetrgu{dh%n maxi mum nor e osbvre éguéqﬁaé'mgf t he seal

chanber demilghticamthihd ficletteit pRP&ticCRMTiGLIArbRA Mbrib 8f b ARakdviansksout boar d
shaft seal designs. If the reservoir is integral to the housing or not
ot her wi séndkigslubycaiecthe seabfages. Varieusreomefdidliyenyailahly alsar gédike sulisteecasot or

have been found suitable as liquid buffer fluid.

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

11



assenbly. It will be appreciated that for some configuratd g@ns;odoae
arrangenent and order of fill mght differ, but the end re uﬂt Is a self
cont ai ned, pressurized, buffer fluid seal chanber. 12 2 April 2004 WO

01/ 25634 PCTI US00125898 Typi cal safety margins for cal cul ati ng maxi num
normal pressure may be in the order of two thirds (2/3) the design
pressure of the pressure assenbly at naxi mum operating tenperature, or two

third 2/ 3)_the desi. f t | y dependent conppnent with
the | owsdrLigerE PoTgEs RSP P B RO P S FRR e AVSURT has ¢ he
| ovest degil RxRERSHEY Bereit 6fMGing 1 BRsRARNeiFRN ﬁreﬂﬁ&?ve%@c%h@}tym as to what

constitutes an adequate safety margin in third party designs. Assenbly
dependent conponents in this enbodi nent are defined as the pressurization

accumul at or  Phefdlify dabk & BRMNGG brBGuaBbd RserfAPRAE Binfedid, Fin hhighit €+ the
outer cover 662, the outer shell 661, nechanical seals Ms 1 and M52, and

t he not oPAVthroughTwhicPilekisian éloarslzieihmtﬁnilbf, thethe sed| chanitehdn dlss patibufarof t he

assenbly dependent co ents.. Vent _plug PP2 i.s renoved t he seal
hanber” FEo B PG OR SO 1 PR cP P B BN OB b P i 1

W | venbf té@8tiohe csifd@be GfartioutaRiny 8Rhy BRGSO ect \Brem: RWrkigs. THel Ui d s
observed exiting the seal chanber via the vent PA2, filling will stop, and

vent pl ugresmpization|ressevoprdif) ascBgidly Ttackefl |tp ¢y suharersibiesmotor heusingdderbyoir PA i s
t hen ass Q ' : enb by assenbling quick

di sconne?@%ﬁqﬁlisﬂgﬁ%ﬁ% @%@H%Mrlg%%égé%‘f%%ﬁ top*}%ieﬁg A O Aeket B 1
Wi t h not end kel entiad dsskinbly ket th8 sibritdriible Ph@siS Hodsmgt MO Nand r thS QietirizatBA.  As t he
subnersi bl e notor punp assenbly operates, flow of buffer fluid will be

fr om t he TRPYRE PAGFaRosable astsreltniiber past the seal faces of the outboard
seal M52, into the external process environnment. Leakage will al so occur
across the seal faces of the inboard seal MSl, into the notor chanber.
Because of it 3t dilldbeceddilycapparapelidt itlespredsere bedefvelr cah bk dtherwise integrated

into the overall motor design, such as being vertically stacked over the motor, or be a
circumferential tank disposed around the motor at the level of the seal chamber, with
suitable diaphragm, fittings and connections to the seal chamber, or even be internal to the
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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entering the notor chamber M will do no harm As buffer fl A OPPZ89%s from

the seal chanber, the pressurization reservoir PA wl!l suppl enent
additional buffer fluid until such time as it is necessar%/torefill and
rechar ge Y334 surization accumul ator PA. As the subREFEFB{26% 0t or punp

assenbly operat es; the tenperature wthin the seal chanber will tend to
rise. This islxpicel sefetyanareipe fesrcaloalgting maxiewmy nasmal ppsaurawRayahsi wahe | osses 13
2 April 004 MO gl 343 P! &@%ﬁ/ 8 ot chd {Qs%ref%&ﬁbl u%ﬂﬁln e to
frictional hgat devel o?(ed?b ré&%%nlocal seea l's. at I rectional flow
capabi | i tﬂyer@ifngttﬁepqﬁté@smWatbnr@rﬂ/ﬂéﬁ@rdp@gm prasugg ¢f] thgaslsmblf depepdenf er 1 ui d
expansi on, ]?q% t t Qmﬂe raction
during coo gnt t;Vﬁhvlf\jlﬁ tl O?JS% gs Ip?éégﬁn%aéhé&%t (ﬁn%?lg e %{C%?gqu%sgﬂ%fte

or i enbed lomesst fesign| messuwtrmmhéhammslcaﬁs triake potchim shad whahemetitoes bess

per pendi Gas, being lighter than Iiquid,
t ends to%ur ét%%%Qﬁ%ﬁﬁEsqﬁB%Q{#wm n any contai nnent.. Any gas that S

present in either the punp chanber, or the seal chamber, will tend to
collect at th e ntvmthlnthe cha .S, hel| 661 is
desi gned suchf;?s ?E’ 2 eggesmu%‘m%ﬂ%’mmﬁ din HECE gt axtel (rgligﬁﬂsecg,\ia?3 ft'[altces of the
| nboard qameﬂurik&ion at@hd@or&dﬂﬂﬁ:ﬁ@&oﬁfecﬁzggﬂﬁn@ cmaponeatls PRAGNRREINCY, the rise in

l'i qui.d, war d nd.radi al.l e | faces,

o't a8 Rt s Prae2, PR AR el Gy sl sBIOVSLaREMS2 BB mbBERY & vent e
away dur iThg Pfemrd 3bdohtAy isfdefihddng thd Reenibadf thdhasdastly dgpendedc@mpobhenot h t he

| nboard and the o t oard, seal suhbner ge uring
operat|o§’e néilee @dFre(’ﬂ?é{ﬁ%%“:é W@%W'i’eié%ﬂﬁ?éfiw\é%’ﬁf’gﬁgp ‘%B‘Q%ﬁgﬁ‘ghan t he
surroundi ng enV| ronrrent wi |l ensure that gas external to the seal chanber
does not enter. centr I.fugal punps are designed with _cl earanges
separating roP‘ért“igr@hT‘% gimwilk vet fromdhs seabshsmhentis venbpige EdenWErebiShce exists

and fgr myuans %@%&ﬁxlﬁﬁ‘%ﬂ&@%ﬂ efﬁﬁlbémlgﬁlwgntm fillin@willdiBh, aidednt fihg 63, and
t he statlonarK back : ds, sludge, or ~other contam nants,

resi di ng PPAWilhee rsniﬁfffégahe filled artdemesswézeqi resarvoil R4 is dhea apreablsd aato the

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 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

13



differential that exists on either side of the back plate 522,APH|r%996h t he
annulus formed by the rotating punp inpeller 63, and the stationary

chanber . 1SR 0unded by the. out N “Cover 662, the SSCUBMRcal Vb,
h haf d h
chanbor i€ B V. BRI ot Pepiet bep RSl oF i BlohualRRgun B

envi r onMeRtctiondl EloW EpakiEty WEtthe BreSsufiLntioh résBoid ASWIICAlloey fob Gaffert fllﬁﬂ i s

adj acent to the nechani cal seal asserrba%/1 Z’B'é‘ﬁﬁ horrrs a QOI‘I entric.inverted
cup shap&BPASIFR MIEn 4R OIS tPrapesAtRIg diseH Hf) E‘Qrﬁon‘ﬁ@gﬂ’é F‘E%ﬁ ol

assenmbl y d¥eR, winddel 8R\Madnl&. 14 2 April 2004 smaller diameter of the taper is
adj acent to the seal faces, and the |arger dianeter of the taper

terni fates some axial distance away fromthe seal faces within the

secondary pUNBubrtdddhtl @lotor§ bidi fref BEiEHidd WeriidARy, A Y Sxik Sf &RGRYET @ard i n a
rotational fashion about the axis of the %aft | though, frictional drag,

as wel | dROorpilessinerorpdicwar withdhe eartd’s supfaget @6‘3’ Bsjing h@“‘r‘é‘! tiagidalendsdr f aces of
the shaf tyd 1o Rl hipR&F cﬁﬂvmﬁﬂpar}yrégnt&iﬂkﬁﬁty AR BARR: $s Pésehtl® ciliét BRPuUsbpseal Ms2.

Centrifugal forces actlng on the rotating mass of liquid wthin the annul us
will cau§éambea.|qathetsealmbm@bealvaﬂgenﬂﬁ@cql@ %%ﬁﬁae@tmﬂﬁ@@%‘éﬂs cover 662

int di feg f tlﬁggpn Qe sdesf gce whi ch
ter mrl?at eg&véu eﬁQhe‘ﬁ Gﬁygs%(%gﬁ%%p §/h %ﬁ%%ﬁgn%&?‘a&%u S | owéhe | ps to pr event
any sol i dee inbcfml st MSlngkmatadmtaganﬂa gox eratial tﬁl}deﬂ(éfstp rﬂsétﬂl hepid.HE!! novenent

of e SRMBIAEILPalahllF, QUL DRIl LEPHAN! Gk REM R A R hgen poi nted

out her ei n ore assune to be a
mot or surmduneﬁeeb bjaecfahw ghstlba,tcnteds awep dniing € 'rhm@hﬁ&mg,eéls sed ahambérnt eri or of

t he not or Thu [le,in.th Vi od t qsurface of
t he not oP“ﬁ?fﬁ%f’ﬁBmmdwr ?bo%fét ﬁaj lﬁé?am%}r,,e “gbqaﬁd %f’ﬁgbfrsgtgﬁ{/gés(tsco éng fromthe
punpad neidtifg opeRiof MTBElisaPiHam®ér, ﬁleg;unzea at & htghemésade than shersntroundindgi ch may

not be subnersed in the punp recei ve any cool ant

benefit fFRYMPEIRDL é’kl%‘EHSWSFhaF3ﬁﬁﬁﬁmdh?lwe@£y@ﬁ]beéﬂ°eﬁé‘ﬂe8&§ of operation. The

novel inpeller design of Fig. 3, in addition to circulating buffer fluid

for the . .
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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pur poses of notor cooling, is capable of sinultaneously in?ﬁ coolant
to the critical surfaces of the outboard nechanical seal ereby enabling
continuous run dry operation. This unique inpeller design may be used
separately or in conjunction with the buffer fluid pressurization system
of Fig. 1. Referring nowto Fig. 3, a notor housing M is designed with
fluid passages that emanate fromand return to the seal chanber formed by

th nbl f th h t 2, to haft 1,
nboar d- Mok Han of i Toes I iR dhe e BrRo Bt MR Ry o eove
12, and fernSihREVOmL %kial I@hde a%Ja?%\ﬁ‘ﬁt the s@an cgb@ thin %ﬂe%t{&déﬁp e an 15 2

April 2004 optional, further enhancenent of e invention sed at

gr eat er Ichamgteh hereafter, the presence or absence of which do not affect
the function or utility of this imrediate feature. In keeping with previous
devel opments of the art, buffer fluid is accelerated by means of a

plurality of %ﬂﬁ@tdtérmg@?e;agﬂatag el AR ARG FORENN Ll i PPOSCl

about the periphery rigl noun on"a s aft 1, or

sl eeve 1zhafisbtiBuglofiiii®ial mﬁg,taraevemafsfmfeut kdied thed laeqb@a@ddrt@ th@ tdatRnRassage

| ocat ed on the per side of baffle 161, and through fluid port FP1, which

| s in di peEgac @T&’Bﬁh@f&ﬂt ginggi 8h anHhe rajr eb@@agefsthwovﬂlmiﬁdtsn@ Mﬁior housi ng
ectrlc | osses

, b t.t d f |
winint ertljtlrm ol B i Db ol ST Einech L bt ooy 8 eePoRLERS6PE n the
open ar easmabe Eibﬁ% ﬁﬁathpc@&laﬁpﬁée bit 88ldurer RoRk WERLA the rﬁfect?&nacfoﬂhe Yapgs 632,

radiating inward fromthe internal surface of outer shel 661, “serve to
parti al | fiagetsr erptt ofttheetaprnéd erfadd which Benmaa:tdewclgm tle scaindire pmmp lhaniter.i npel | er

631, thereghy intaining a relatjive velocity differential between the
i mpel | er [fg'ééloa’"%htsffs PERYFREARY SPHAS frarm S‘t“ﬁ@g Pt dhdPetenfially Festripting thene pi ck- up

tube 103:@lchdiPsk hglofihent b HSbUALAAIRLEFLERHSY, 10 Figs. "4A and 4B

Still referring fo Fig. returns to the seal chanber from
fluid passages wthin the notor M via a fluid passage that is in

Tor At 11 uf 0 BB RO ap IR R AR RILE R SR ERGROFRY 1 no 663
that ext eyt d @bter §uhcusRa by GRAMRRNs REFBSD HbAULASs b OMIBEr FWEhoBE2: AS

Thus, while in the 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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buffer fluid is drawn across fins 663, excess heat is trg*z? {ééﬁa through
the fins to outer cover 662, and absorbed by the extern 7 air

t he seal chanber within outer cover 662. Buffer fluid is then drawn

t hrough an annulus forned by an opening in baffle 161 and the hub of

I npel l er 631, where it is again accelerated by the inpeller 631 and repeats
the cooling cycle. Referring nowto Figs. 4A and 4B, the inpeller detail of

i npel ler 6 f Fi 31is ¢clearly disclosed. In a significant
drergart ur &P %‘?rﬁ% ﬁ?lfaﬁfen}:?f“[ ir&‘ﬁﬁ ‘lcpté"fn gisqussedh gEeates dength hereafien theon to a

pl ural i t yréaéncd an@sentOOf WA 3ot SRREME ARLOM or 2O BE (hdl imBkhigetQkurt he 16 2
April 2004 WD 41/ 25634 PCTI USOQ 26898 pur pose of accelerating fluid
radially outward, at |east one internal radial passage 101, extending from
the outside di@g&ﬁw%}(gggg& Egr’f,e}] f the

i mpel ler. A seconga%y p égage‘fg Sékg%?éq% ﬂaﬁ&ﬁﬁg%ﬁ%%%ggggl he centra

| ongi t udiofiapluradityiof eqyklly spaceil il Vapes 16Gied comamriciiy dignaddatiou s tparheryaway from

e o 8 005 S 1SRRI L BB O

t ube 103 dithatQﬂglﬁﬁd eﬂa$£geﬂ&dted|onpﬁéﬁp@ﬁﬁsxwaﬁ baﬂﬂhﬂﬁi?%@thoﬁ@@ﬂu@?’ oitphery of
theirrpeIF{gE oriented with its open end facing in the direction of
rotation "f'l?’rg’e'ﬂ’b eﬁté'flmr&“}cétﬁﬂné‘ﬂhﬁbe ﬂ%@?ﬁsﬁes ’t”?lﬁééhe&?‘é"fd@B%’Fg Méd, and
di sti NguiaBdafind KeatBdilis gellGatdd by ﬁﬁ@onapm%[eéﬁl%%s@é witiPSE Althe, ohfd the art,
by the specific speed of the inmpeller, which is a dinensionless nunmber

that chaPadioadisgharsingie cisaatewitkinghe open asensioffhe s¢abehainhenitstlat i on to its

desi gn geonetry. The geonetry and speed of rotation are factors in the
performance of pick up tube 103. During operation, pick up tube 103 w ||
col I ect a por t4 mwralisy of dtetorlyerfef 632, fadiating inward frompalie isterm@ 3drfaceiofsmter shetthe buf f er

fluid. T col | ect fluid wl eri ence a net_ vel oci
%81 serve to parﬁgly d!isrupt th\é\qyuierr 81)1(1 's tendency to rotate with the unpellf}; 631, thereby

maintaining a relative velocity differential between the impeller 632 and the buffer fluid in the
immediate vicinity of the pick-up tube 103 of impeller 632, illustrated more clearly in Figs. 4A
and 4B.

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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head, over and above the pressure generated by the centrifughhpéi@dDén of
the inpeller, proportional to the square of the speed difference between

the i npel the rotational velocity of the fluid ss at the periphery
of the i wai}&g“ The kinetic energy of the liquid in f%éusgp%qg%up tube is

converted to a statl C. pr ure_over bove the renti al
that exi Sv@ogRE W?@Hﬁrﬁ‘t‘%@@l‘dléc‘t“f“@ﬁgtﬁt n%é?@%ﬁ@%ﬁggnl ?t he inl et

of the i me.tdu@;fmﬁ 1B SidE Qiatliefet OF amnpdiiat ezthemfrmy eoveadssths metoman t he

peri phery of t eller and _the |nle Y]\h ffr aten?rf,ﬂa1 f tant

vel oci t y Vapday Aﬁﬁécan‘HYQPSSiﬁés@%g‘e‘e % of yis ﬁ'i‘t8r§ Per created by
the centpiikypmt 1&%1@@1@0&@5@@%@5%@@@&y% Bé Bn;ﬁ&acah@ﬁht@mt a:by t hose
same forces as it attenpts to return via the gaf ﬂ'&j’é‘ﬁ‘%ﬁ 103]1 net

£1 ui d5ve|lmtsqcyonwe%wrltneryweaf‘elﬁ’laa%reﬂﬁ%@%@e q fpe of GOPFEm t he

peri pher ys{ opgy %gtsan%i%eplémtub@ 03 B @hnectel @5 Wdidl PasshdeOrnl | Mouredcashy e
generated with I ck-up tube 103 due to kinetic copversi.on .m nus

Pri ot | onaFrishet of fhe inees] lomsearionied rifh iaeren|ent GANEEINe S7E0ONGE | | 2004
The fluidthens LSssfihe secondary passage 102, and is discharged into the
annul us ?:}et V\eeﬁﬁﬁeﬁe out board seal MsS2 conponents and shaft sleeve 12 or
sl eeve 121, as shown in Fig. 3. This discharge displaces fluid within the

?Eg”l)@fs f reres;‘: E:lrgﬂauhgllﬁl%kﬁe&'%fer "t 'd%nbéaefat’t@%&nﬁétﬁshé@% ptnacg garpenent s and

uce or elimnate hot ots, and generally
cool i ng tundersemll byf tho ESSklIled it thesartyébmrtbe Speelﬁelspfﬁg o fthet § Wﬁ’e @arhichdes can

conti nue gven. though has I ul ation
has ceasdPPRIORIEH ‘be%t*g"%”lo% o8 Sﬂ% 46%{0 %@Q%Fgﬂﬁ sﬂééﬁgﬁﬁgﬁb tﬁge

i nvent i onlesighgdomefryl Thb g@éomea taachq:eeti dsfyotduqml drefattorsgn ﬂheenfmtrlemqwlf pighssage

ar r angenent ehé where on the inpeller, such as 180 degrees offset fromthe
first arr"ﬁ and providingaright angle tube 113 oriented with its

openiend facing in a direction opposite that of nornmal rotation of inpeller
631. This will enable Jubrjcation of t eal faces 0 AN the
event of revePudng pesratiopopichuptpe Hit ?‘@’F‘Hra P‘t&ﬂ"%&%‘g‘ac“b@?feﬁg? 's realized
from thi %mﬂélreﬂﬁgﬁﬂmtm'tﬁe bl¥eor WRN, TOE chifefe@ aRRTIwill &xpetidict amei velddtg vi cinity
of the | ower seal naddltlontothegggec%_l{l%Bg tlngtotube 103,
the oppodiead overcmcabows e aressus Agneraied B o adioqae i
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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centrifugal out-punping action during operation that res A net
di scharge of fluid from tube 113, thereby increasing thgigﬁpLgﬁgtlon and

flow of buffer fluid in the area around the inpeller hub adjacent to punp
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 fromthe

periphery of the inpeller631, inwardly towards the inpeller hub. The pick

tube that is faci away fromithe direction  of rotation will create
1 ow, thr ough TBEMRTIPREerBe FERPdap RAeEn 0% Asis PEEDAFasH IR CRAPRIY ¢ ovar ds
the peri ph&fe¥n @k oliB8ard %?MS?rcom Hdfits EECFHJ RisfiBve 12 @ sfebdcClol Al Ally| QOP- Thi's
phenonmenon i s i ndependent of rotationa alrectlon, and c¢ah be. T tiplied
Wi th addiFig.chalhis distimrgef digAsea deitawithiantle ahintin adsalliyg fvedlagepheddap t ubes,

preferably uniformy spaced and alternating about the inpeller. This novel
i npel | er -bétt‘ﬂ"?alhg’écfe‘ﬁif‘i‘“@&P@P‘i’QS’ﬁtsfaP@)Wed%iff%@még}ﬂHl@dmtr@ﬂuamr eliseipate hef, f1 uid

i | ati i f o i f. fluid gi ti near a shaft
ceal 1 ac b R Beclly oBlpsh P YO8 ERE, AP atned' copfite T 3B B ins "novel
i mpel | er ceitihaner tipupictt glr®Rasirhddyy GAdexdi@nA PRId cBeulktndaYcaebat i ng, fluid

circulating inpeller, for pronoting buffer fluid circulation near a shaft
seal face abutting the hub of the inpeller on either or both sides of the

inpeller. Variations in t netry of. the sageways and pickup tubes
tggt acconpl i ;Rﬁi-egaﬁs?g&wtﬁogﬁ?%%_?\h@ds@rékéiﬂfﬁ? 5’??’6 YR © ?%ﬁ‘é‘ﬁﬂi npel | er
per i pher ynpnekdbytiuphicaahaiie ifteahonssa8s ﬁ&g&%@@&#ﬂ&éﬁé}ﬂ%& E&ﬁpeﬁ%gl@&hpf the

i nvention. |In another enbodi nent” of "the Invention, the notor bearing

cl osest to l18hdegrenspfise fromviedfiitshtugarigheers.eald wheding ra, right angle nibag: 13he

over hung di st ance between_the bearing and the driven load. As is known in
the art, °HEUFhE oneB so0 BRAE foa Aisson prpFitatba of neranal forsign plimasterani cal

the effect o 'ections a ne outboar seal 'facCe, due to
t he redueasationcdntie thaeveroad. h sddz0 bendiietswesied iemhka biri@emnd ib he wsal |

t hereby inproving seal o N . )
of increased circulation in the vicinity of the lower seal. In addition to the pumping action
relating to tube 103, the opposite facing tube 113, and its associated passages, provide a
centrifugal 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.

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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ef fectiveness and extending seal |life. Mst bearings in dry %0pd2088¢ or
designs are grease lubricated, so further advantage is realized by this

bearing plygegskst; by noving the bearing fromthe greﬁiﬁu Cipated
environnment of the notor rotor chanber into the oiI | ubricated environnent

of the seal a lven | oad, and an oi | Jubricated
bearing wll %trﬁluggg%é?gafer'ﬁ%ave ﬂ%}}ogg}ogrca{aﬁgg e’t1e| coa?nylr?tflémgf ﬁaﬁ a grease
| ubri cat exulbtigritapeller, bhipgonisiag Ibﬂ@crrﬂlﬁbamtloﬂ]a&r yehafasefanabémhunmgvant age
accordin t ntion, as i, ained below It is readily apparent
and has Helb dr RS oh &isr Atboitsiges SEHR R Serpiontip trSasbReSt o) T et o
time, rete pis&gﬂ@d}@taﬁdﬂ@ﬁm tubést tharugoniplieh mbbtﬁﬁrauy iz samt chéuldtioe lespbodi ment s

descri bed herern S roI th per.at i fe of .the e anot her
b, ect i viEEn Eapetleh pisipblh T Bt o SreEr At L8 B HE CEOPE R Wownt | e (o

per f or m if@dntibrenance. Vhen mai ntenance is required, it often invol ves

di sassenbly of the seals and bearings fromthe notor assenbly, either for

repl acenent, or for inspection. Therefore a design that allows the user to

renove and i mhikHer BRB6diMBnt TN Fventibhl B M6lor batiag tIRgsCRMROPERAH & On a
singl e pre- assenbled sl eeve, which may be referred to here as a cartridge

assenbl ymovf|into the sepl chamber, shastering ﬂrfser:rhuaga istangs hefwespdhe RAPYIRE A8l 634

PCT/ 14650042 @8R8 1884. €L {sNcho@@ah Nhd QrtFinBvin dé thetrhsa BRNbdafh@ iHoRUatRE teon of the
i nboar d nechani cal seal M5l is nounted on the outer shell 661, which can

be an i nibkegrdmechgpical sead i p Sacationaretwesn thevigbasd aad. outboardy mechanieal selferbl y i s
made up Qf ﬂi]chﬁfeﬁtorfiaxreéi&%geslhmgﬁ&hgrﬁ éﬁéom%rdr eararawqupar thk Quuedq t he

i nboard ani cal sea out bearing 3, and the circulating
i npel | ercafﬂdﬁvemdf fdistanfd (Hetivasnr thel latanoa aridrypbles] Iseal @®1cbyt Fraprevisgressels bei ng

used ei d&%&w%be{lggxkaa%){té’ngg%rsgéﬁxf&%&k 'Bga#%gﬁg Ehgbr‘%rﬁ%ét&l %QipOSI FQRLey s

desi gned such e pre-ass easi | oned at a
pr edst erlpbrivetd, e firthemadvanthdreissiealized dyetbisebeddng placepient; yr ingvidg yhe nount ed

co- axi al ll)eXm},g ﬁ’Cbm %Itr]eageas% IUbSI'%attEQ %Elvui'aclnmegto g]Ienr(])EOI' I'Ot%; gﬁa%lbcr El’l h’lg lls haft.

lubricated environment of the seal 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  tothe user.
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In Fig. 3, pre-positioning of shaft sleeve 12 is acconpli shedABy 20R

abut ment of shaft sleeve 12 against a machi ned shoul der on shaft 1. There
are a nunbgg okesgt andard rmachi ne design nethods utili 3@§|,Ub,ﬂ,zgég§l tioning
rotating elenents along shafts. This particular nethod is shown by way of
exanple. The actual nmethod used in no way detracts fromthe scope of this
I nvention. When the sleeve 12 is properly positioned on shaft 1, the
rotating el enﬂﬁfeﬂ‘mg aghin to Hiwo Ay die mechvdating abrtise af &N&Hoam héchewighgenl t he

stationar hani at is.mounted in
t he outerIM el : ggf%n m{e%feﬁ ﬂ?gOGqEPECh ?e%'% eﬁml @éﬁrﬁeﬁﬁqﬁ Bt °f engage an
i nverted,m@mWéhaWemdwra&emhlyommde ghef the ﬁﬁa’lmgh&mntﬁ sudbnBube fatihfie beari ng

housi ng, t. Wi .t nt r uter shell 661. A

pl ur alr%qt 3}J nggggs%gg@%a@zn%rhgmﬁ&c#}d%g ?‘%f“r"i‘éd ﬁ‘? 2’ Lﬁ BRIAIHE hearing
housi ng, impeltzafor bufferlftus:l dirnlgfidn,) thpeHér 63X,ithe el&himks Hehxgtuséawiﬁlafsufghldﬂjd Wil |
freely cifeulate d bearing 3, the .inboard mechanical seal M5 1, and
t he seal cha?ﬁ)mbm PﬁB‘ﬁgega"‘&emHydﬁg%%gnF‘g Cﬁéhaééta‘fm(?ﬁé’%@ﬁerghlq’dl be abl e
to fr eel yandreasily tphsfltimgh at hergetpansd Jeatior e shdiiéde 12 WRa & rigeghani cal

seal such s circulating i rrpel Ter 631, can be
nount ed n&%%??ﬁ?"ﬁ/‘%gy“@h%lsq%% all gompagentsgetats With ¢ $haft s npunt ed
co-axical ly with shaft 1, such that the entire sub assenbly can be quickly
installed and, r ed from subnersi bl e not or .. An Oring OR1

forms a seal Elﬁr FPofiiioning o Heft fewk 12He aFQ‘?giPH@’c@I |béirFEft ghutmeggt of haf t
sl eeve 1gh@naeetv@ez Qpifdt danathRBR5IRNIeS o H8R D alfﬂerelare £ Quab@tislandf@4 The

type, nurrbeé and geonetry of various cartridge elenents may vary with
desi gn amfBippIdetigt imsthody itilizedniso pesitioning urtetipg slemgnis cdong shafeafhihg, and a

Ci rcul at ipBgiculi RGOS shdWh BYWaydfF e hou%%gme&ﬁ'%edtl R@@aﬁﬂ% 2GQTDI nati ons

of cartridge elenents can ‘be use tracting from'the unique
appl ileat i e scons of thigdeveniiane Mhandke ﬁmle thiafpropesy E@ﬂ@sedw-‘thhﬁldbm gn and

mai nt ena@&tﬁ’tm%fele?&éﬁﬂ&{ tgé @chaéﬁrplteafaﬁwal Reh RE< f"%g eﬁEa%é AR s %ye Lembl@e 5. an

enl arged view o ne regron o S nore detail.
For the &hesiobdatd/modhatiba sea M$1, ﬂ@exsmmmteden;dreldne:d sl&llioﬁﬁé Mt]ndreq;m;s:r a

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



groove, machined concentrically in the outside di aneter @fAmiabos sl eeve 12,
such that it forns a plane perpendicular with, and at a known di stance
along, the longitudinal axis of sleeve 12. Snap ring SRl is assenbled into
this groove, the location of which will dictate the axial positioning of
the remaining cartridge conponents. The rotating el enent of the inboard
mechani cal seal MSl1l is assenbled coaxially onto sleeve 12 such that it
abuts snap ring SRI. Bearing 3 is nounted coaxially on sleeve 12 such that
its rotating inner race abuts the opposite side of the snap ring SRI.
Buffer fluid The tptawintgr,iangedebmetr68f vargous rcamcﬂgdelemami mhy yagnwilhaft sl eeve

12 such that it abuyts the opposite e of the inner e of the bearing
3. The sf&¥le “&nﬁ’PP??é‘o’_élﬁ%ﬁg’g ‘%‘fﬁ‘ﬁﬁt@ ‘Zﬁgnatsﬁg 3| anes a“f‘ % graladine by t he
shaf t V\H@g exhmiplE YHY! Ofer %Elé% lafid %ﬁb@tﬁﬂ&*ﬁ%&tﬁ% ede‘?e?ﬁeﬁ{} Qgfactices

t hat can |ze In positioning rotary elenents a ong sl'eeves. The

sl eeve gboamed \xamdutsh:aabtim'g HgpmSRE unikjus BgpMdatiinngd] crtiidpeviasendiies @xashpit €. The
actual nmethod used in no way detracts fromthe scope of the invention. The
i nvent i oHeqves ia thedepien Hdanayrtensnsnof sshmsaible meters- For exanpl e, the seal chanber
pressurization and pressure reservoir enhancenent can be extended to
providing a notor chanber pressurization systemwth its own buffer fluid

supply and prRr&s¢hg speeFRiINb Fig. srmjéma@%ea%ua&ftﬁeht;tg&ﬁﬁeﬂgﬁﬁ%ﬂp@ jhan the
seal chamber so that the net |eakage of buffer fluid is always outward

t hr ough prowdeshmére dotad| Eor tiw @mmblbfmf thth aaryislee woit sewtibahabobe rthere ipanp.
Alternatively, the seal ressu zatl o] pressure reservoir
enhancen@ﬁ?vecaﬁc}ﬂléedﬁnﬁenﬁﬁ "’2%4’“‘7\66 3 %FW@%@@S’g@x‘f ended to
provi de fnRr L3HHE @r?éddf&ﬂia?%ﬁﬁ%%? %HSMH m&h&@n budifflagis bpat may be
added for add?tl O?\ seal 1 ng prot egtl on, leach w th |t§%ot3vn praegsure

reser voi slgeverbl. ISh@ mivee SRt is aﬁeﬂ‘lbl@ﬁfo thit gseu, ehetlbiation dfevhecttvali dikatethy i r onnment

such that any single seal mght fail wthout ;%ermttln t he purrped fluid
to gai n & g9sitipyng ok thy rmnyngs &¥ridgn sapeenents Allh, seteftnet elementidrthart shows a

strong p{n%a% %@cﬁﬁmczﬁ sefd ST aé:s%blgcﬁ E(?ﬂ%&ﬁ}l ogtg s%gvenﬁt SiEh that it abuts snap

ring SR1. Bearing 3 is mounted coaxially on sleeve 12 such that its rotating inner race
abuts the opposite side of the snap ring SR1. Buffer fluid circulating impeller 631 is
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
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over punp and vertical shaft, the invention applies to and f2epii208¢es use
of horizontal shaft subnersible punps where appropriate. As anot her

exanpl e, taenasés within the scope of the invention, arenibsmieedl e notor
and punp assenbly consisting of a notor and notor housing, the notor having
an out putexteadedftd pravidt @ presuizaiod spaenp td) addstiongl, medhenigl REalNthuismag bdei ng
connect ed he tqr _housing and the .pu bei ng driven by .the output
charc. Tiet PLTPhlsegt Bt cehaBdt B PRBTSCRETS TR Sn ¢ he
shaft. Thehigher présburt nhdathe exttafal epERmprtOMichBthR dnh&idgld &dal mitgH [Tail he rotary
conponent_.of the .inboard sh‘%t, seal nounted on theaﬁl eevye. There is an

out boar d “EHgpPeTRLmE thepumped Huid fo.eain aeaess iofne prirary pe ®r i.nterspersed
between the notor and the punp, where the seal chanber consists, in part,
of the chanber side faces of, the inboard shaft seal and the_ outboard shaft
seal . The seaflBss PrOR &1 SRS\l STRNSPIBTFERES OF f YTHCOR AURIALGR 8698108 at | east

equal t o dvbrumpra8s Serienl Shatiethd flvetfonlaplict R L8 fRANAAUIPoLEGESRbYshak the
wor ki ng depth of the punp, and the buffer fluid has dielectric properties.

There i s SPragsible pHRRLBRe¢APEPHARzat i on system and at | east one pressure
reservoir integral to the notor and punp assenbly for maintaining a
positive pressure gradient within the seal chanber across the shaft seals.
Ther é%may be AS pefthcs examplg, gherd is pithinttheotsonerns éhel inventign: p submeesiblemetoy and a

hub, the | ' : | gni hg@.‘lﬂ ' he hub,
where t heEln .;i’ E%%EP F%%ﬁ{?]g %I%%Bﬁ% ggé gﬁ{o{r e SFJgBé%%@%Q,ﬁE? %bﬁﬁgéﬁga%%éﬁ nmber
pr oxi mat ehatlhandatmvowr ahdghvafpt hassiag, the pemprisousinghkeingsesahectsd tadhcawewr conponent

di i1 Ccat i : -
et hal %ggéggéaaglgaﬂae yﬁ% b den B #EORH D hart Fferd M%Hq@fap@ Warbliea a5t one

ronally nornma orward facing 22 2
April 200dn-aEataDi 5oadted el hdShah. 2ZBeesisiantistoard shb# seah ptdxénmethermatdge or

periphery.of . the inpeller a.di sc e. port on the.hub.of .the inpeller

D ox et Shiné Tk SBPeerEhegt e Euberd SR L PRGSO ISt dPo AR er " han

th he pe(r]I iopil’mleafry shalfh @eab 3aixixﬁdiamtbepnsnpf,viahmianse,mlh&;hahlbémiﬁteirspfaeéd Bergeanothat €, nay
ave ra In?otor%ng He%%%, where the seal chamber consists, in part, of the chamber side faces of

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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stator flanges outboard of the inpeller, that are oriented o8 2084 have
one edge closely adjacent the are of rotation of the intake tubes on the
i mpel | er . WAs0128634 anot her exanpl e, enbodi nents of the i pggoOtdo@sseday i ncl ude
a subnersible notor and punp assenbly with an externally nounted or

i nt egral npales&imroa tlieeﬁﬁi'\édgeror periieiyvf eRtiinpdletitd Hdibdhares ad of HRMABHr SO as to
mai nt ai n

a sur di_ent. durin erations, where the
seal chaftd E’p% eég FBW g“’;gf% %ﬁsthah%g%%ﬁ %"‘F‘ﬁ r digmefes thandthq)j d i n
excess Ofperdpheryy Ghelseal @&nﬁérblw&hlﬁaﬂﬁdh'tﬁéﬁﬂ;eﬂ&s Reitd, Mgy heldeadiMylogakt@ge t hrough
t he shaft period of normal op eration of the notor and punp

F Fevete qiberhh

assenbl y SBEF HEPESR A the Wpelﬂ%th@tr?&%ﬁ%@&ﬁ‘ Refy 19 HBYeUAE AL i8Il si bl e

not or 5anddjpdeitthe &6 SLAEkiYN ¥ thdlinkBHibbd d th&indpélif pressure reservoirs
connected to the seal chanber pressurization systemso as to effectively
enlarge the pressure reservoir capacity, such as to serve a |arger buffer
fluid supply, Ap?@%&hé?gxﬁnﬁJ@te%Bﬁlﬁ{eh% of BRGB/enRRGhA! hQ0& o SPfeRibleYet Ot her
enbodi nment s nay have a seal chanber where the intéerior surface or ceiling
ext ends TH9URE A yPusiRa gsseliyn withe an ﬁb@ﬁ’#@b’ sivanted opantegrelhpiessie [$RaSVdidi ng a
limted ¥QhMiBeih y be
trap ied or accuw%g‘?tgtﬁcpﬁal%ﬁﬁhbeggi{mg#aw mQB%‘%th (k)‘{g/%r‘?%%m& LllP]l'EEof t he

i nboaPd 8P ppesations, vdisre: the seal Pambenpresstzation systrmyglnd a qapdsity f@rbUfﬂem d,

Furt her {7 B v Iy
passagewg?/imlg%ﬁ%cot?l ng gdﬁ?eooﬁmcﬁ!ﬁha{ea t%é lgft%hc oelga(t\/\ageo'%%fuﬁc%h%ggag{l schar ge
port on tdaks dpengQMD?Ofmrmaﬂwbrammfa]mnqnormd(pnmpIase:hhily thus providing a
return path for fluid circulation between the hub and periphery regions of
the inpeller. 23 2 April 2004 WO 01/25634 PCTI US00/ 26898 Sone enbodi nent s
may i ncl ude i@ﬂwgamidodmea&mfmm mirénmiod Iﬂag\iﬁiludccarsubmafpﬁteambtbﬁancﬁpimsgﬂr S, in
conbh at | Qn th shut - ﬁﬂPI con# | s of various 9 % I,ncl ude

si gna AL t‘gl&t Re™SPIYFe °F BFesHBhiftBTeHY %V‘eﬁtﬁ dpetiar e, © Scope and

nat ure ofretshizeion SRRAI oI th effeliiNalyDdnlEySthepessu rvdvoir ¢akeHS kedds to t hose

skilled in tt]e ar.t d can be readily adapted to
serve a larger buffer uld supply, providing a potentially longer operatmnal 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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i nvention. For exanple, there nay be pressure sensors for sedf\PdiFdffer
pressure or pressure differential, coupled to automatic notor shut-off
control s fayoideagti vati ng the punp when the pressure pprifRneesl chanber
falls bel ow the pressure external of the notor and punp assenbly at

working depth, Thfe &8RSt ma?aﬁéwd“euinargrai hs@éss&@eﬂ&d 'léveﬁ RORinbér¥Ere
pressure gradl ent across the ouftboard shaft seal at all times that inhibits

t he i ngr essS@forany comppingion witioshut-off canfroks @f vm%kméwomamaw@clmmalnent s
Wi thin the BGEOREMEEurtdel for %ﬁﬂ&ﬁr%rby% bperfi&. TALbleYand ARBRE Hese Bn sglﬂ%%aw ngs

skilled in the art, based on the precedi ng description, appen
and the cl afemok sypiems mw%w:zde@wocttoAbcrsb skilgioin the\as, @ﬁ/@abamam@rad@ﬂtstx@/ 26898

CLAI M5 Asong:,Qition Cled [ee th sﬂébﬁpégs abgeﬁsopg)i’oﬁrseﬁn&aﬂlﬂgm ﬁ%
conprising a notor an tor ous ng, not or havi ng an obl shaft a
punp and pumssmﬁﬁwgntlémmgdm@ ahiomstumgm@o s offechntrols Sai dmltmrﬂnmdu:m ng,
sal d punp bﬁdrﬁtgw ! t}{gﬂre reSif s@%itcﬁﬁﬁt%ef Bt b 10»9 tr{ ¥1ﬁpleﬁerﬁ§aoff ezqko%’ b

mount ed on said I nboar sea te sai
rotating comdmmm @S@ﬂblxat wroikirpodapth. Tb!haﬁmesealpmdmthd tbere @k gosliweve, an

out boar d_Snalis 358yt QLT oR, R T 8 R 5les SIPHRGS LG EHRRSE 35

bet ween sai sal d seal In-part the
chanber 18i deunfred ewdiafor flaidd | nboard shaft seal and sal d out board shaf t

seal, said seal chanber charged with a buffer fluid under pressure at |east
equal to the pressure external of said nmotor and punp assenbly at working
dept h, sai d buf fGherfandiverioudaibogin@hte vethin the sqipe pe el ifention 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 seal chanber pressurization systemand at | east one pressut&pril@defvoir
integral to said notor and punp assenbly for nmaintaining a positive
pressure §YQe2863¢ within said seal chanber across sai #CElisbésseal s, a
buffer fluid circulation inpeller munted on said sleeve within said seal
chanmber prok&lS e sai d outboard shaft seal, said inpeller having at |east
one internal passageway connecting a rotationally normally forward facing
i ntake tube on the periphery of said inpeller to a discharge port on the
hub of sai dAnoyedur eleinpracexi mat e sai d out board shaft seal, and a
multiplicity of radially oriented stator flanges in sai d seal chanber
outboard of said inpeller, one edge of said flanges being closely adjacent
the arc of ro’tabmenibdn‘mstaﬂaidphmt)aisemblylaanpr&ith Apri | 2004 WO 01/ 25634

PCTI US00126898 2. A subnersible notor and u asser y according to claim
1, said pressuré PE¥E g&oprh%‘lﬂﬂgusfﬁdg‘ﬂ?t?% &'ﬁ oupyigh chanber so as to

mai ntai n said pmsptmnpvmdmmﬁ:&mtxﬁngrsﬁdllﬂﬂab hotisiid @néeddco @ﬂﬂrnﬁtéﬂ{bumﬁgm d
i ntegral seat chaQ)t(%r ur| zation systemconprising a capacity for

buf fer flui g9 tf’@‘ﬂ oY as is calculated to be lost due to

| eakage thr oughasam;asﬂaaﬁaﬂ%amowdmmasﬁﬁi od of normal operation of
said nojor and pu . 3. A subnersjble notor and purrp assenbly
ool 3aitents

accordity to cl &P ealiProdmae saifh Bojor-dhesTgrating qompanspsy ¢f spdinvgarg

nul tiplicitgha®ieaDmESHed & sRSREWDI s connected to said seal chamber
pressurization system 4. A subnersibl e notor and punp assenbly accordi ng

to claimi1, the?hArbpardshafiseal srouingste sagkugrpseal chanber ext ending upwar dly
away from said 'ar&%%ﬁgnb%;] térsp%?s@r!l bctevp&rsgﬁym&&o%'d(&lﬁ%gmﬁ Jald{ﬁcglecﬂaﬁ{gérune

wi thin said seal chanber for ‘contalning gas above
i nboar d shafompsgaing in mwrt the chatherrsiie Hices ofsridrintead Sba,ﬁmalaaéemdabgtbmctshaﬂl ng to

claim s f uehhgry g&imﬁdnﬁ!epgharged 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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not or cool i ng passageways in said notor housing, said notor ZApili2004
passageways comunicating with said seal chanber, said inpeller providing
pressure for flowing said buffer fluid therein. 6. A subnersible notor and
punp assenbly according to claim1, said inpeller further conprising at

| east one pd l.nternal passageway connecting a rotati mal |y

rear war d f‘i@?‘%&héi scharge port on said periphery to a gg@b#%{zghgée port on
sai d hub, : i bl e tor and, pu SS Y accordin o claimil,
Further conpr s SnRABORE SOl enl Bhilh BRI A58 Bk, £ RS8N et T
f or sensi ngcemindnipatiag stithesaiixdealr chanbafsosaite mubitain szd dogitivepresswe ghddienat

wor ki ng dept,h. and, 26 2.April, 2004, neans for deactivating sai d notor when
sai d pressur"i 1émllgnsaécfaio erait S?:’ﬂa‘ﬁ%%’ral F??I"Em%éIP6WL§%?t5’np?y8‘g@u?Oénpé§W§ranal of
sai d not or amecipufivpbutes Anidliy exddessvuslohn@lutheps s caBulakd saibnipstsiubtocledkagor and
punp assenbl.y ¢ i sl tor and or housin ai.d mot or _havi ng an
Lt but - sfaf (o TRl SaRSedls Mhahs 30ed 'S St kit of 3hf oend B o omi o
not or housi agemblgsai 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, a seal chanber interspersed between said
not or and sai Al sghuigdsible fiotbr ARPPunG RERy acERTRE tSdlNG 1, BaiP@Néast Jve peR@ider si de
faces of said inbgard shaft seal .and sai d out board haft  sea),, sai d seal
chanber chafGEYOHi%eERea? BHRlicity of j RjesshiE dFsepPRS Sonscted 19 é%‘gtsegqﬁ]éalm b the
pr essur g oexbreddbatioh sg@nl notor and punp assenbly, said buffer fluid having
dielectric properties, a seal chanber pressurization systemand at |east
one pressure reservoir integral to said nmotor and punp assenbly wherein

sai d pressugl ZalibRésiBlThAR 471 pihrl AASendly according to claim 1, the interior surface of
said 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 ,Qﬁ%lﬁ&@f’ﬁav‘ir&eadﬁi%@fltshatﬂf sai d inboard
shaft seal. 12. A subnersible nmotor 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 ly for i i e . i y of said inpeller to a
di scharge por \tlvaa(%lﬂnl%%gd ﬂug ga%)lfa%ssaai@?ﬁ%@ﬁ@%%%@xﬁgn@’e sai d out board 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 ardseafchapoar ingmspsrsed detveen seidiaotoriin saidpump.saishieaketisibent or

gzd 05? gﬁt acz)ﬁﬁjtsb] iﬁop ' g'cﬂ%ngerrrs%é) FacBl gf My %borgi?&j gllnarthea? %1'1&1 sai to%bo%cy 'ng
shaft seal, said seal 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 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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a punp and punp housing, said punp housing connected to sai &M @P0ousi ng,
said punp being driven by said output shaft, an inboard shaft seal on said
shaft proximate said notor, an outboard shaft seal on said shaft proxinate
said punp, a seal chanber interspersed between said notor and said punp,

sai d seal chanber conprising in part the chanber side faces of said

i nboard 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
peri phery, said inpeller nounted on said shaft within said seal chanber
proxi mate said outboard shaft seal, said inpeller having at |east one

i nternal pds faspbneeysiblermeiot rmd)pemp essmbdy atdoyding toralaing % caminer Siatkicagf

i nt ake .t ube. on sai.d periphery to a dj schar ort,an said, hub oxi mat e

a1 d ot b e BB R the 8 Sarly AR avaid, PR GhEl SRl HEFERY |y
oriented %ir@ﬁ@_fngfd [RABES volmealithis 8l s6dARRRbOr RORER MY casSBbe IHERRIHET .
one edge of said flanges being closely adjacent the arc of rotation of said

i nt ake t ubd said4nboardshefiesesl bl e not or and punp assenbly according to claim
13, further conprising a seal chanber pressurization systemand at | east
one pressure reservoir integral to said notor and punp assenbly for

mai nt ai ni n@. & gbsletsible not@SHd hemPraaskngly avdckding tSdhigh SEFrthé RompakingCr 0SS
said shaft seals, said integral seal chanber pressurjzation system
conpri'®ing a cadadfer fluidsireplationimpeligrqnoyntedernsaid shafswithinsgid seal ekanmber

cal cul at eq)rg)gn}are éaﬁ%utbgeh‘&sﬁa%ieﬁﬁkage t hrough said shaft seals during a
period of "normal operation of sard notor and punp assenbly, said pressure
reservoir conmanilesat bng paissdeveyi witlde shidcihgredier cameating & eotaromligi norsailg

positive essyre.gradient durjng said operation. 15. A subnersible notor
bnd punp ACSEFFIRRGKE s e Perfhensol il RrneliroR Aclischarae e ORBRP s ng
at | east QFGaillHnBEINE prAaSaRIBMEIHISRARNAGT 381, 8qd Ot ational Iy nornmal |y
rearward facing discharge port on said periphery to a hub intake port on
sai d H@b proxi remsltiphicidy 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.

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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out board shaft seal. 16. A subnersible nmotor and punp assent@4pril@Rpti sing a
not or and not or housi ng, said notor having an output shaft, a punp and punp
housi ng, said punp housing connected to said notor housing, said punp
being driven by said output shaft, an inboard shaft seal proximte said
notor, said shaft seal including a rotating conponent, an outboard shaft
seal proximate said punp, a seal chanber interspersed between said notor
and said punp, a renovable shaft sleeve nounted on said shaft within said
seal chanber, said rotating conmponent of said inboard shaft seal nounted
on said sleeve, and a shaft bearing and bearing support structure within
sai d seal chanbemultgdicity ofi addiallybemeriterystaton fiaegesdn ssidi dalsthaeber o@Bosd Afr i |

, b | bl I
accor dithg T4 BRI TS SEF Dhohe ABHEF RO b ARREL G AL PERbaor S0

| npel | er wptdkkmuleali d seal chanber, said inpeller nmounted on said sleeve.
18. A subnersible notor and punp assenbly according to claim17, said
buffer fluid circulation inpeller conprising a hub and a periphery, said

[ |1 hayi . ' | ' t.ati |1
normal Ly 1 o e BRTheral S E G BAREOHNS sTARURE s PobRifhe thor
on sai d hudeapeloxibentpeessaizhtion shaamdarin@flbast @ak ,présding @edloi€ haeRar to said

configured with multiplicity of radjally oriented stator flanges outboard
of sai® | @na@g PW@S@%@Y&%’r HR{riaining fy PSS PrgSerc sdipnt wjithiesaid sepd ar c

of rotati oalam‘belsaahﬂ)f%%g%ﬁ ubigts L9 ﬁg%éf?l”%éaﬁi Pt HessARdatRAMRy R85 emo! v

according to claim er conpris
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

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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not or cool i ng passageways in said notor housing, said notor &0 2R84
passageways commruni cating with said seal chanber, said inpeller providing
pressure for flowng said buffer fluid therein. 20. A subnersible notor
and punp QPS¢ according to claim 19, said inpeller PEGUSHE688 conpri si ng
at | east one internal passageway connecting a rotationally normally
rearward facing discharge port on said periphery to a hub intake port on

sai d hub. S RACT OF
ToE D1 s ostes siBicline iy SN it hebotint] HeRLHE hudief oty b UG
chanber andbla“fqmﬂmd cichlatidreimpsBgrawititire shib yeahclmahtbr, sdidmiyeiler hobntearab saidd

out board shg@g} seals (M51,M52) imersed in an oil buffer fluid within the

seal chanbef réstricts the flow of liquid fromthe seal chanber into the
punp and>not or chanbers An integral or externally nounted pre- pressurized

buffer fl (PA d.p he seal
narber ol Svi4 SR A FRL P BRelrR Rl e sl B R A D RS

chamber rel
sui tabl e buf:ﬂ'oatatxori impedieﬂ emqinsmgtahhub e mﬁhery; saidtimpelier lha\omgiarleaso oy event

the in ress h ia throu theotbo r.d. seq 2 uni que
el or ol PRSREVRY sorranee AR Phese ik SRk i o o o ¢
regi on of tbcmphery bgardischbrgé o &alsaidm%proﬂhthvmﬂg)uﬁmaﬁdl shufnuszl,d:ra)d seah

oper at i n.used._in un an inteqgra cool e esi gn.
Apc artr ?ng@l?ﬁrf "t"“gg‘ﬁ éﬁﬁ%ﬁ%‘g ’I raﬂ’é‘@ﬁ’ &glﬁ@%ﬁr e‘f gyt gﬁ%ﬁf’f?ﬁf )
bet ween t heinyghgassk @?@I 0Pk dAApEs be?@?&l&se(y"@]a&ent e 2ke offroeilibd favaisintake

mai nt enance. FlI G
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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2 April 2004

SUBMERSIBLE MOTOR WITH SHAFT SEALS
ABSTRACT OF THE DISCLOSURE

A submersible electric motor driven pump includes a motor chamber and a pump
chamber separated by a seal chamber. Inboard and outboard shaft seals (MS1,MS2)
immersed in an oil buffer fluid within the seal chamber restricts the flow of liquid from the
seal chamber into the pump and motor chambers. An integral or externally mounted pre-
pressurized buffer fluid reservoir (PA) maintains a positive fluid pressure in the seal
chamber relative to the external pressure at working depth, and maintains a suitable buffer
fluid level within the seal chamber, in order to prevent the ingress of the pumped media
through the outboard seal (MS2). A unique impeller design (631) circulates fluid within the
seal chamber in the region of the outboard shaft seal (MS2), allowing continucus dry mun
operation when used in conjunction with an integrally cooled motor design. A cartridge
shaft sleeve subassembly, having a bearing (3) configured between the inboard and outboard

scals (MS1, MS2), facilitates maintenance.

FIG. 3
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