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SUBMERSI BLE PUMP ASSEMBLY Field of the Invention Thi s

i nvention rebadesrsdzen general to subnersible well punp amﬁgbm@mssgﬂnd
in particular to a seal section |ocated between the notor and the
punp for equalizing the pressure of |lubricant within the notor with
wel | bore pressure. WD 2007/075781PCT/ US2006/ 048598

SEAL SECTION OIL SEAL
FOR SUBMERSIBLE PUMP ASSEMBLY

Eield of the Invention

This invention relates in general to submersible well pump assemblies, and in particular

to a seal section located between the motor and the pump for equalizing the pressure of lubricant

within the motor with well bore pressure.



Background of the Invention A typical subnersible well punp
assenbly of the type concerned herein has an electrical notor that is
connect ed twoaoeatdzsi fugal punp by a seal section. The uAfsH08/048598
filled with a dielectric lubricant for |ubricating bearings wthin.

The seal section has a pressure equalizing device, which may be a

bl adder or a U-tube arrangenent, for equalizing the pressure of the

| ubricant in the nmotor with the well bore fluid on the exterior.

The seal Beekgronnd a€the Bivedtion hat couples to the notor shaft on one

end and to the punp shaft on the other end A nechanical seal between

t he housi ng of Atthpicslenbreesible ovellanoing imserablafdf fhenpe esSn@AIdAREHARAS arDblectrical
wel |l bore fluid into contact with the lubricant in the seal section

and not or motphdhateis rrenhecitd seal cenyrifivgal Ipuynphbs arsegl gectiane sThdaiotdr i@ filled with a
bi ased toward and rotated in sliding engagenent with each other. The
rotating éelepirdnbriesnt tfrelubpiciting emkingewithins hé asiheeotion hdsen plaadire equalizing
for rotation therewith. The stationary conponent is attached to the

housi ng. dayéces Whighhgpayeke aftdedder ar @ Exples enlaiigement, | fob eqalizing theQite R0 of the
side and |ubricant on the other side. Mechanical seal faces of this

nat ur e mudbrigast frathg mator with theteell borevimidon theexitior.e t hey are desi gned

to leak small anmobunts. Even though the | eakage rate is very snall

wel | fluid wilThe spgt eepsionitas atsheft tiwt erumesto the meptamshafienn c@usel @nd to the pump
failure. One way to prolong well fluid entry into the notor is

to provi d@afhsnthppthes ead. dcmeshanical ssathetwkemitiedivusinptoditinsseat sdotias tind the shaft
one nechani cal seal. This arrangenent adds cost and additional |ength '
to the ed&ifisespcroagmenyof/ weibraeHivid sr 00GA6L4850 sheSlnrinant infthe kel section and
| nvention_ The seal section of this invention has a housing

| ocat ed HBPREchNt Meckmiqsl aend treallydes Figidi fheesitbal sicnbi aseatowgrdeanduniatedrid sliding
and a notor end. A _shaft extends through the housing for causing the

not or t o YEREEmh&IdeAsh othssy | Therrptasieg icomponess of g mechanicabséahay sttaghetl to the
of the hog;%gg. The primary seal has a rotary seal nmenber nounted to

the shaft® T wiatiorohetendte wt Rehstatirpanhcarrpgetisataghaditoghs hausinmalhe sliding
seal nenber. stationarily nmounted tq the housing around the shaft. A
secondar ye8dapesjae F’ER?&F%EP well pere it o eneisige apd nbrigeni onghe ather sige.oMechanical
si de of thq ri .seal . The secondary seal has_an outer dianeter

that fri cF¢ oﬁﬁﬁs{%‘éﬁg‘ﬁ%@ TRE THEAES e 1B faderdoiweiky therederetthey egatesigned to leak

slidingly engages, the.shaft.
9 ysmaﬂ ounts. t.i:en.ren tgough the leakage rate is very small, well fluid will ingress into the motor
over time and may cause a failure.
One way to prolong well fluid entry into the motor is to provide multiple seal sections,

each of which contains at least one mechanical seal. This arrangement adds cost and additional

length to the equipment.



Pr ef er ab

y, an oil is filled in the space between the secondary and

primary seals to provide lubrication for the primary seal. The oi

may be a
t he notor

t wpe zdohats7és nore resistant to emul sifying Wt pcipisesochask
| ubricant or it could be the sane as the notor | ubricant.

The secondary seal separates the fluid between the primry and
secondary seals fromthe notor lubricant in the seal section. The
secondary seal nay conprlse a conventional, inexpensive oil seal. WO

2007107572

Figure 1

. OVER Bri ef EEscrlpt|on of the Draw ngs
S a S|de elevatlonal view of a subnersible punp assenbly

shown schenat i €b¢ bgal aedtionmf thineiventinorles 2 housing |ddagudrtet@ednshé pump and the motor,

secti onal
of Figur

view of the seal section of the subnersible punp assenbly

ethe hoghigarhayingegounp Fidand a3npier @nflur A hetinft eaxkaadg ebirovple wh® housing for

the upper end portion of the seal section of Flgure 2.

causing the motor to drive the pump. A primary seal is located at the primary end of the
housing. The primary seal has a rotary seal member mounted to the shaft for rotation therewith
and in engagement with a stationary seal member stationarily mounted to the housing around the
shaft. A secondary seal is located at the pump end of thIe housing on a motor side of the primary
seal. The secondary seal has an outer diameter that frictionally engages the housing and an inner
diamneter that slidingly engages the-shaft.

Preferably, an oil is filled in the space between the secondary and priméry seals to
provide lubrication for the primary seal. The oil may be a type that is more resistant to
emulsifying with water than the motor lubricant or it could be the same as the motor lubricant,
The secondary seal separates the fluid between the primary and secondary seals from the motor
lubricant in the seal section. The secondary seal may comprise a conventional, inexpensive oil

seal.



WO 2007/ 075781PCT/ U52006/ 048598 Det ai | ed Description of the

Enbodi nment Referring to Figure 1, the well has a casing 11
that has peyespafrpes for entry of well fluid. A string hon
tubing 13 extends into the well. An electrical submer5|t%JIE{erﬁyﬁhq}d%}sm0

assenbly 15 is secured to tubing 13 and suspended therefron1

El ectrical subnersible punp assenbly 15 includes a rotary punp 17

that in the enbodlnent shomn conprises a centrifugal punp having a

pl ural it yBaief Hesgriptionte agdniss a rotating inpeller and a

stationary diffuser (not shomn) Alternately, punp 17 could be

anot her type, Eigte bss asige olpvetieiahgicoant 4 subpuergible pind REQGHI9SEIM schematically
cavity punp, a helical rotor rotates within a stationary elastomeric

st at or havmmglﬁwd@b@we hel i cal bore. Punp 17 is driven by a

notor 19, which is typically an AC electrical notor. A seal section

21 extends bet Rigere pdsp scttiomed viev of the seaSaattidest t‘t@%u&ine‘iﬁﬁl&%uﬁpoassembly of
equal i ze the pressure of lubricant contained in nmotor 19 with th

pressure Bigurehe shesvh eblorgedf | ui d. Referring to Figure 2,. seal sectlon

21 has a housing 23. Housing 23 is a tubular nmenber haV|ng a punp

adapt er or endFigBreghis afirtheo enladmdtvéew of thengpa7eddipdrtibs of HROBAIRBion of Figure
punp end 25 and notor end 27 are separate tubul ar nenbers that are

secured b¥ threads to housing 23, but they could be integrally forned

wi th housing 23.. Punp end 25 connects to punp 17 (Figure 1), while

notor end 27 connects to nmotor 19 (Figure 1). A concentric,

axi al passage 29 extends through punp end 25, notor end 27 and the
interior of housing 23 between punp and notor ends 25, 27. A

rotatabl e shaft 31 extends through passage 29 on the axis of seal

section 21. Shaft 31 has a | ower end that couples to a notor shaft 32

that is rotated by notor 19.




WO 2007/ 075781PCT/ 1152006/ 048598 A tube 33 has a | ower end
sealed to seal section notor end 27 at passage 29. Tube 33 has an
upper end sgah@dotspassage 29 at punp end 25. Shaft 31 pxhR6S048508
t hrough tube 33 and has an miter diameter snaller than tube 33,
defining a clearance between them Seal section 21 has a
pressure equalizing device, which in this exanple, conprises a

t ubul ar bl adder 35 | ocated w thin housing 23 around tube 33. Bl adder

35 I's an pLaskdTRkbapHBIEnd DabolifigAn Upper end sealed to tube 33

j ust bel ow punp éen . € Tower end of bladder 35 is sealed to seal
section notor RBRnAYs tAFIEMON, EDEEahl ANaBRE 1137 € |

interior of bladder g35 i%o an upper porti onéof n%t%%segg.?or %%%gﬁ{my of well

39 from npai@dr A String APBILQidH ﬁlﬁiﬁ%altv%:?)%t&dglﬁﬂb HOLA. lf%ggaieg%mgl %{.\%&E reftle pump

into the interior of bladder 35. pbore fluidin xtends
t hrough sggémB§Clsi i BeddbdPioBing 13 &g@u@gﬁ&g@tﬂ&eﬁ.&ﬁ entry of well bore

fluid into the interior of housing 23 6n the exterior of bladder 35.

Bl adder 35 sermERStricql 8Gb@akisAfe t [REIMIF 15URdIERR it | :
bore fl uid. Tube 33 al soﬁlﬁlgg ports§43 Wi t hin ?fl%tt%&am 17 that in the

| ubri cant eBSodigedtl BB ESnphies 6l RALANSA PubBHIBED i) h
31. In this enbodi nent, th% upper end&g? mﬁ)tor %3 cont@?‘r’iﬁ e?'hfﬁééhtmgehasa

bearing 4otdtinglimpslldritid £ saBOnBY BRI (do¥ BRIGANARInaMRL ?{uniagl ﬁ@a%l%be another

addi ti onal bearings (not shown) that are also’in conmuni cation wt

nmot or | ubiybeasith 39 a progressingRei @ty pitdp! O i ssing ety hdn @ﬂ@gj ' rot
punp end 25 has a central cavity 47 It:'hat f}g?:%g togwar d%rrpﬁﬂ Iglglgrl?roé rotates

1) and i swithinfd strtidnagrensu@atic Satorhiving BaokBlE BEHAl b&te. pump 17.
Consequently, well bore fluid will be Tubricated within cavity 47. A

primary seal 4Busgaldsaiivendshahdtos1, WhisRVE typichliyf & Al ekied LBRr. A seal
entry of well bore fluid into passage 29. Primary seal 49 is a

mechani calecieall ekhails tetwednep@np 1Tensi Mot B, S8kl §d2abn MASsEWR ©i Quslize the
seal faces that slidingly engage each other. In the enbodi nent shown,

a rotary mealrengiitaicabl combiabd i fbtaiNDSh the biesalta b¥ thiklwelBore fluid, Referring to
el astoneric boot 53 seals rotary seal nenber 51 to shaft 31 and

rotates Ni@u20nata7EE8aPCT/ HaS20B6U4B598 Honking F3t is Rafbals B&aber having a pump
assenbly 51 has a rigid seal face 55 that faces downward and

conpr i sesadaptey br endt 2& ahd prottou sdapter ok eap 27N dgn This emboainhdry, fifnp EGESS5 and motor
rotary seal nenber 51 downward and rotates with shaft 31. Spring 57

conpr i sesend 2Faird seppratotpbubatmeniodrs tatarersedwed/bys hadadsrerhetisifgl 23, Baethey could be
i nner dianeter of rotary seal nenber 51 is greater than the dianeter

of shaft igtegzallytfranedwiththousiagi2di.nBump ché 46 anwescts to pump 17 (Figure 1), while motor

end 27 connects to motor 19 (Figure 1).
A concentric, axial passage 29 extends through pump end 25, motor end 27 and the
interior of housing 23 between pump and motor ends 25, 27. A rotatable shaft 31 extends

through passage 29 on the axis of seal section 21. Shaft 31 has a lower end that couples to a

motor shaft 32 that is rotated by motor 19.



Primary seal assenbly 49 has a stationary, rigid seat nenber 59 with
a face that is located in a plane perpendicular to shaft 31. Rotary
menber sealwdagenxrssl i dingly engages the face of stati gigiyk68@kssos
menber 50. Rotary seal nenber 51 and stationary seal nenber 59 are
made of hard, wear-resistant conponents, such as tungsten carbide. An
el astoneric nenber 61, such as an O-ring, seals the outer dianeter of
stationary seal nenber 59 to housing punp end 25 within passage 29.

Stationary seal tiRePERabDIRRS cadsdalaas sehl @R {cRAMmbBAnd 7 &té}fagﬁgfgrb%ube 33 has

the outer dianeter of shaft 31 at that point, defining an annu

cl ear ancean upper end dea3@CRNHedage 20ak pibp iefid 26C &hef 30RxiA8s REGPh ©HH83 9hd has an
stationary seal nenber 59, which is on the opposite side of

st at i onarguisslitmaerhaslldhdd be B3)iRAMIngA e FRIHR Detvibn tREgONdary seal

65 may be of a variety of types. Preferably, it is a conventional

i nexpensi ve oi $eat @attion B1 thhe agkasptLefhiving ERTRNUAIh BEBis @?arﬁé‘l%, 8lnprises a
i nner seal nenber 67 that slidingly engages shaft 31 as shaft 3

rotates. tibtlhobiiddeoss by, withtd howding. 23l ladohavabe 38USBidde085 3 68 \astomeric
that rotates with it and is engaged by inner seal nenber 67. The term
“shaft" imsembedthbr hadhy uppsrednd dealet 6 ltbiste3 R MYst Pl BLOBNRS B, The lower end of
bushi ngs nounted to it for rotation therewith. |Inner seal nenber 67

i s carri ddadsler &5 dasdal@l toGBalt RatiorenbRBEsd QUL Wakbt@abM@Sion pov 3 NSRéRRB Fom the
portion that fits lightly within passage 29. Carrier 69 is typically

met al andniesiopo£bled@ert3s intcoas egder POriRAGEGROBAT S WL B S5 g $1A@r 19 is able to
passage 27. A spring (not-shown) within carrier 69 urges inner seal

menber 6 Fircalteathrgughnwerod ldgmentsiors daftto Ble inRirior B Yladaed 37 9AaRE bore fluid inlet
secondary seal 65 define a sealed chanber 63 that WD
2007107578 19T ds 15088 /5621 360® nepirep dsd 226 dor sikowoingahy esteabf 62t fureBgh into the
the cl earances between shaft 31 and stationary nmenber 59 and rotary

seal nenieterign ofihougingh?2hon e ¢xierinri ofiblafder BHb@laddenss 5&ves to equalize the pressure
Preferably, seal ed chanber 63 is filled with an oil 70, preferably a

f | ur oi nerfbrifant 3withmeeltlenre flulse t he same as notor |ubricant 39, but
preferably it is nore viscous and nore resistant than notor |ubricant

39 to enul sifyiubg 3 elsovs aorts |43 withinolt tnedless hibyicimir3®id 66/ ivo hisy elearances
as high of a dielectric characteristic as notor |ubricant 39. Unlike

nmot or | uBeheesRttun33 end siraft dbedn this ewbediment. dhet wpponghd of mddOr9 ddhtains a thrust
(Fig. 1) and seal section 21, thus can be nore viscous.

Ref er ri nge3ung B5t@atisglnbacaed dysmator dnbrisanb 38hi Mytar 19 das iadditiptali bearings (not
| ocated ih passage 29 bel ow secondary seal 65 in this exanple. A

vacuum pSrewrithatare alse e RermmyRication Wathanater brieast 88condary seal 65

for evacuatin ir. fromthe interior of nmotor 19 (Figure 1) prior to

i ntroduci ng ngi FERgHP i KigHe 33dn this champlsoPrmp 3nd inkasi & aewtrl wavity #hdhat faces
interior of gl adder_35. A fill port (not shown) for introducing notor

| ubri cante¥yd BEPB Lt Sbepis &) 128%df iBofliidosrramupisetinn yoth fhey éeriqroef pump 17.
75 joins he exterior of bl adder 35

acuum port -and, | eads to ) ) .

athin noteripe el bopt uid B gt WbREEh v BHn rENeY GRock PippESseRy 49 seals
e For SRR Y 20t 008 U B S o SR 0. primay
bl ocks flow.,.n the psjte direction. After, fillin a plug w_ll be

pl aced | RIS ;%lﬁsﬁﬁglfgi. Sea-s Ghat g é"i%%’éﬁ%?i“?@ Sﬁﬂ%h#@ }li‘ﬂlsit};@,“%d 5?3&3%083 that
W e pl.aced in we ore entr ort 41. a ug w e renove

When T unRiGERrERsHR o5 iy e G shovnt s Totep, sEHGRATPEROL rotates in
o e, o S 0oL SRt 450 R EE5PoCEL Bl et o ot
49, 65 will be filled with oil 70. The operator fills nmotor 19 and

seal section 21 with notor lubricant 39 in a conventional nanner _
Typically, this is performed by evacuating fromvacuum port 73, then

6



WO 2007/ 075781PCTI 1JS2006/ 048598 | ubricant 39 will be |located in

bl adder 35, within tube 33, and within passage 29 up to secondary

seal 65. OwoZ6b704d7h1 be |l ocated in seal ed chanber 63 on gdqa;Q80dB4ss98

si de of secondary seal 65. Vacuum port 73 will be plugged and well

bore fluid inlet 41 will be open. The operator connects punp 17 to

punp end 25 and |owers the assenbly into the well, typically on

tubing 13 (Figure 1). After reaching the proper depth, the

oper at or witppt.i Betappesal asseerbla Spouaes righbbaal Fersst@at h8ss Ik @bbhprises a
shaft 31 to drive punp 17. Well bore fluid, which often has a high

wat er conexindricali priotrtoeiohocAitserng 57 Hauating 42 3ured: 1088y @%4180EMAbe0%1 downward and
bl adder 35. Bl adder 35 transmits the well bore fluid pressure to

mot or | ubfotaemwitBGha@délll. SBjorirg §7 ubrlpméckla dg] griR thACaicblel RotAV bdaY nfbfuber 51.
(Figure 3). Primary seal 49 seals against the encroachnment of "well

bore f1 ui thd mpen diawietey of TotanytsealnAS ARG S 1 10 grebRk @ik (FOBLmBRABE R3] at that point,
rotates wth shaft 31, and seal face 55 engages stationary seal

nmenber 59defiping F@lehmnes.cat es the seal faces of seal members 51 and

59. Sone | eakage of well fluid into seal ed chanber 63 between prinmary

and secondary Béakryasedrstengsy 48, hfi5a etativhigy, Held 5QCMGMeY 9eRith a face that is
assenbly 65 keeps the well bore fluid fromentering the interior of

bl adder 3Bcate dna plansgeorradionlss ¢abhafb3 BVRbtana hleynHee ades f&@fgrﬁidm%@ engages the
assenbly 15 is pulled, it will have extended the tine before wel

bore fl uifEcent epdonsradem@gber 59. Rotaffhesal mspitier 61 dnaStafivgit fseSidBbmber 59 are
advant ages. The use of a secondary seal prolongs the entry of well

bore fI uitaderpidasd wemiresistierromipohertth suctobotunkstlr babite. AHdag66eRdMHetber 61,
seal may avoid the need for having nmultiple seal sections. The

secondar yuska amPridng setle theswitefdizmepeaf stdtionaty feal mbmber I9atbidgsiny Bump end 25
primary seal that is nmore resistant to denulsifying with water than

t he not orViftippessasg 29. Stationanyyseslgnerberi S\vwstandnndraareenthstioWigérthan the outer
only one of its forns, it should be apparent to those skilled in the

art t hat 4iamster ofphaB 315t fhat peing defining ensumpts dbmata. var i ous changes

W t hout

A secondary seal 65 is located on the motor side of stationary seal member 59, which is
on the opposite side of stationary seal member 59 from rotary seal member 51. Secondary seal
65 may be of a variety of types. Preferably, it is a2 conventional inexpensive oil seal. In the
example shown, secondary seal 65 has an inner seal member 67 that slidingly engages shaft 31
as shaft 31 rotates. Although not shown, shaft 31 could have a bushing or sleeve that rotates
with it and is engaged by inner seal member 67. The term "'shaﬁ" is used broadly herein to
include any such sleeves or bushings mounted to it for rotation therewith. Inmner seal member 67
is carried by a carrier 69 that extends outward and has a cylindrical portion that fits tightly ;Nithin
passage 29. Carrier 69 is typically metal and is press-fit into sealing engagement with housing
23 at passage 27. A spring (not shown) within caﬁiﬂ 69 urges inner seal member 67 radially

i-nward against shaft 31, Primary seal 49 and secondary seal 65 define a sealed chamber 63 that



WO 2007/ 075781PCT/ US2006/ 048598 departing fromthe scope of the

I nvention. For exanple, the secondary seal is also appllcablebto seal
sections t a U-tube arrangement as a pressure,aqua

devi ce rat@zw}g#?ﬁeadders Clains | . In a submersi bIePe o35
assenbly having a rotary punp driven by a notor, an |nprpved seal
section | ocated between the notor and the punp f or equal i zi ng
pressure of notor |ubricant contained in the notor wwth well bore

fluid pr %&éﬁd@ Rt E%n%?{%@hqgﬁ @&0&%%&9 UI@Era.f’i‘r?b YR ey SR L%I l nalu-in%anta member

housi ng | ocated between the punp and notor having a pu

a not or es%nd&oﬁbﬁééalﬁf&hﬁ:@@lwqp&xh&ﬂﬁlﬂ}aﬁtgﬁoﬂﬂ%ﬁm%w ausing the

notor to drive the punp; a prinmary seal at t punp en of t he

housi ng, the sy, Sealed RANHDE: @& [ANRRWIRER] offORD Y .l
shaft for rotation tsr;er ewi th and |nSengagelrrentOW| th s Pl ona?ﬁl/lersté)zlr 0170

could be the same as motor lubricant 39, but preferably it is more viscous and more resistant than

motor lubricant 39 to emulsifying with water. It is not necessary for oil 70 to have as high of a
dielectric characteristic as motor Iubricant 39. Unlike motor lubricant 39, oil 79 does not
circulate throughout motor 19 (Fig. 1) and seal section 21, thus can be more viscous.

Referring still to Figure 3, a stationary bushing or bearing 71 is located in passage 29
below secondary seal 65 in this example. A vacuum port 73 extends through pump end 25 below
secondary seal 65 for evacunating air from the interior of motor 19 (Figure 1) prior to introducing
motor lubricant 39. Vacuum port 73 communicates with the interior of bladder 35. A fill port
(not shown) for introducing motor lubricant 39 is located in a lower portion of motor 19. A vent
port 75 joins vacuum port 73 and leads to the exterior of bladder 35 within housing 23. Vent
port 75 contains one or more check valves 77 that allow motor lubricant 39 from within bag 35
to vent to the exterior of bag 35 within housing 23 due to thermal expansion, but blocks flow in
the opposite direction. After filling, a plug will be placed in vacuum port 73. Also, while
evacuating and filling, a plug will be placed in well bore entry port 41, That plug will be
removed when running the pump assembly into the well.

In operation, seal section 21 is connected to motor 19 at the surface before running, The
chamber between primary and secondary seal assemblies 49, 65 will be filled with oil 70, The
operator fills motor 19 and seal section 21 with motor lubricant 39 in a conventional manner.
Typically, this is performed by evacuating from vacuum port 73, then introducing motor

hubricant 39 from a fill port in the lower portion of motor 19. When completely filled, motor



nmenber stationarily nounted to the housing around the shaft; a

non-rotatable secondary seal at the punp end of the housing on a

not or end sy@eyeb7dke primary seal, the secondary seal ?ﬁﬁhgﬁm?ﬁgﬁw
: : o

inner dianeter portion in sliding and sealing engagenen

shaft and an outer dianmeter portion in stationary sealing engagenent

wi th the housing; and wherein the primary and secondary seals

define a seal ed chanber between themthat is free of any inlet ports.

2. The puriybricesistowill be kontdil hybladder 35| Within thbé A emdGAMRA bads u;ﬂ{ol secondary
located in the chanber between the primary and secondary seals, the

oi | bei ng seares. r 68i 1 will bbdoened Bi Sepleddehaidbbr 68 AItha MheF MR ¥ SEOUBry seal 65.
than the motor lubricant. 3. The punp assenbly according to claiml,

wher ei n:  tMaeuwhaoiiet3 witl te pluggbdwint Rveil Yorel flidaTet 4 Dinill be offen, TS d¥8MRor connects
assenbly according to claim11, further conprising: a bl adder in

the housi pgmphirfoghnheeh2s bad Sdvedrs tRxdsenasly ikt ehdhtd8bidARY IAIuBAe 13 (Figure
interior in fluid communication with the motor [ubricant in the

nmot or, thé)-bl adder having an exterior in fluid communication with

wel | bore fluid;

Alfter reaching the proper depth, the operator supplies power over a power cable to motor
19, which rotates shaft 31 to drive pump 17. Well bore fluid, which often has a high water
content, will be located in housing 23 on the exterior of bladder 35. Bladder 35 transmits the
well bore fluid pressure to motor lubricant 39. Well bore fluid will be also located in cavity 47
(Figure 3). Primary seal 49 seals against the encroachment of well bore fluid from cavity 47 into
passage 29. Rotary seal member 51 rotates with shaft 31, and seal face 55 engages stationary
seal member 59. Oil 70 lubricates the seal faces of seal members 51 and 59. Some leakage of
well fluid into sealed chamber 63 between primary and secondary seal assemblies 49, 65 occurs,
but secondary seal assembly 65 keeps the well bore fluid from entering the interior of bladder 35.
Even if secondary seal 65 eventually leaks before pump assembly 15 is pulled, it will have
extended the time before well bore fluid enters bladder 35.

The invention has significant advantages. The use of a secondary seal prolongs the entry
of well bore fluid into communication with the motor lubricant, The secondary seal may avoid
the need for having multiple seal sections. The secondary seal allows the use of a special oil for
lubricating the primary seal that is more resistant to demulsifying with water than the motor
lubricant.

While the invention has been shown in only one of its forms, it should be apparent to

those skilled in the art that it is not so limited but is susceptible to varous changes without



an annul ar passage in the punp end of the housing through which the
shaft extends, the annul ar passage being in fluid communication with
the interigyo9forluhespl adder; and t he stationary S%%hﬂﬁﬁ&ﬁ%uﬁﬁf
the primary seal and the secondary seal being located within t

annul ar passage. 5. The punp assenbly according to claim4, mhereln
t he chanber is sealed fromthe interior and the exterior of the

bl adder. 6. The punp assenbly according to claim1, further

conpri si ndeparting from the sbopRsfithginvation! Atodle@Empiel hxetsgé‘orﬂgﬂr §eaii:f§cglé6r Eﬁcable to
the rotary seal nenber against the stationary seal nmenber, the sp g

bei ng | ocatabdediona takdeatifie khE-tabakiraf@Eens @8/ 2 PRRES

secondary seal nenber. 7. The punp assenbly accordlndgg 1éﬁﬁ?%?rmhm-ﬂmn
wher ei n tbleddent.ary seal nenber and the stationary seal nenber of the
primary seal have inner dianeters greater than the diameter of the

shaft, providing clearances for fluid communication. 8. A

subner si bl e punp assenbly, conpri sing:

10



a rotary punp; a notor containing a |ubricant; a housing | ocated
bet ween the punp and notor and having a punp end and a notor end; a
pressure equalizing device within the housing for equalizing pressure
of the lubricant in the notor with well bore fluid on the exterior of
t he housi ng; a passage in the punp end of the housing; a shaft

ext endi ng through the passage in the housing for causing the notor to
drive tpg,;pynp; a primary seal at the punp end of the housing,
the primary seal having a rotary seal nenmber with a rigid seal face

and moupty ﬁq P&n&rs%lesgu%a;{f assé)nrgf% %a@ @ot%g/e}{#%}ﬂqcéw’gggg gdliotor[ ﬁléYmprovéd seal

having & sta I onar nte
st ati onar S aVI | nNher i ane reat er .t han .
di amet eechipn F)ﬁ%“‘@ﬁ%tf”?elh g mpth B@Q&hf‘s%@ 5 &Y éwg Brieue PGS ihsigant

shaft; a spring urging the seal face of rotary seal nenber in a
di rect | GHAIRRAER 1 RROFBIG lhero fluid peeshie en g extraionghing srmp REscawh,

face of the stationary seal nenber;
comprising:

a housing located between the pump and motor and having a pump end and a motor end;

a shaft extending through the housing for causing the motor to drive the pump;

a primary seal at the pump end of the housing, the primary seal having a rotary seal
member mounted to the shaft for rotation therewith and in engagement with a stationary seal
member stationarily mounted to the housing around the shaft;

a non-rotatable secondary seal at the pump end of the housing on a motor end side of the
primary seal, the secondary seal having an inner diameter portion in sliding and sealing
engagement with the shaft and an outer diameter portion in stationary sealing engagement with
the housing; and wherein

the primary and secondary seals define a sealed chamber between them that is free of

any inlet ports.
2. The pump assembly according to claim 1, further comprising an oil located in the chamber
between the primary and secondary seals, the cil being more resistant to emulsifying with water

and more viscous than the motor [ubricant.

3. The pump assembly according to claim 1, wherein:

the chamber is filled with a fluroinert oil.

11



a non-rotatable secondary seal nounted in the passage at the punp end
of the housing on a side of the stationary seal nenber opposite the
spring, the secondary seal having an inner dianeter in dynamc
sealing contact with the shaft and an outer dianeter sealingly
engagi ng the housing; and the secondary seal and the prinmary
seal defining a seal ed chanber between themthat contains a chanber
fluid and is sealed fromcontact with any other fluids in the
interior of the housing. 9. The punp assenbly according to claimS8,
wherein, t chanber. bet ween the primary

in th |
and secénﬁﬁ?eu'%aﬁssmﬁbnwrs%@taﬁlaﬁﬁﬁ ERaE GRFGPET 1 om t he e cant.
10. Th d | 8,  whe th
chamber bot WeBAMHE P )E HH e SHIHGPy MLt pes bR ok s rtgir

that is nore viscous than the lubricant contained in the notor. 11.
The punfuidseemincagier vitdithrymeter &ibsicantdn thammeater Hetiasldpr kayingras exterior in

equal i zi ng device further conprises: a bl adder in the housing,
t he bl atfldércomawinmgtiamwiithtveatliterre flwidf | ui d conmuni cation with the
| ubricant in the notor; and wherein t he secondary seal bl ocks

contact of téeannular paaade inthe fhenp eridesfitior hoabing Heobdawhieh tiv shhft ewends, the
chanber fluid in the seal ed chanber
annular passage being in fluid communication with the interior of the bladder; and

the stationary seal member of the primary seal and the secondary seal being located

within the annular passage.

5. The pump assembly according to claim 4, wherein the chamber is sealed from the interior and

the exterior of the bladder.

6. The pump assembly according to claim 1, further comprising:
a coil spring that rotates with the shaft and urges the rotary seal member against the
stationary seal member, the spring being located on a side of the stationary seal member opposite

the secondary seal member.

7. The pump assembly according to claim 1, wherein the rotary seal member and the stationary

seal member of the primary seal have inner diameters greater than the diameter of the shatft,

providing clearances for fluid communication.

12



12. A subnersible punp assenbly, conpri sing: a housing for

| ocati on between a punp and a downhol e notor, the housing having a
punp end and a notor end; a passage extendlng through the punp end of
t he housi ng; a shaft extendlng through the passage in the punp end of
t he housing for rotating the punp; a tubul ar bl adder in the
housi ng, the bl adder having a punp end opening sealed to the punp end

of the 99“§“$@ﬂ39@Fﬁﬁggﬁ%%ﬂﬁﬁq”ﬁﬁﬁﬁhgg sga!ed to the not or end of the

housi ng, Ining an’interi ntai ning notor |ubricant, the
shaf t extendln%lthrough t he punp end openi ng and t he notor end
openi ng;

a motor containing a lubricant;

a housing located between the pump and motor and having a pump end and a motor end;

a pressure equalizing device within the housing for equalizing pressure of the lubricant in
the motor with well bore fluid on the exterior of the housing;

a passage in the pump end of the housing;

a shaft extending through the passage in the housing for causing the motor to drive the
pump;

a primary seal at the pump end of the housing, the primary seal having a rotary seal
member with a rigid seal face and mounted to the shaft for rotation therewith, the primary seal
having a stationary seal member mounted in the passage, the stationary seal member having an
inner diameter greater than a diameter of the shaft and a rigid seal face perpendicular to the shaft;

a spring urging the seal face of rotary seal member in a direction toward the motor end of
the housing and against the seal face of the stationary seal member;

a non-rotatable secondary seal mounted in the passage at the pump end of the housing on
a side of the stationary seal member opposite the spring, the secondary seal having an inner
diameter in dynamic sealing contact with the shaft and an outer diameter sealingly engaging the
housing; and

the secondary seal and the primary seal defining a sealed chamber between them that
contains a chamber fluid and is sealed from contact with any other fluids in the interior of the

housing.
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a well bore port for entry of well bore fluid into the housing around

t he bl adder; a primary seal having rigid seal faces in sliding
engagenent with each other as the shaft rotates for sealing between
the shaft and the housing at the punp end of the housing; a

non-r ot at abl e secondary seal nounted in the passage at the punp end
of the housing on a notor end side of the primary seal, the secondary

| h
Shat e e Rer By SaRPERE o dylid %\’#E%y@gaﬁ?ﬁ%ﬂ?%n ARGl bifuber®
communt BAPEHREPCR<DL dssﬁ?omla@se%?c?rn&”ss?raaéfé&a s 0 g i

secondary seal and the primary seal defining between them a seal ed
chanber that is sealed by the secondary seal fromentry of the notor

| ubricant fromthe interior of the bladder. 13. The pu assenbl y
accor di Hy Ths i assambly aprerding (q Haims® avheseie Hgrspaled phantber petween thh peimary
oil that is nore viscous and nore resistant to enmulsifying with water
t han t handrsseandatyuisalis called witllampiéthei s mdre viseme tikartire Bibatany cevainedintthe
lubricant in the interior of the bladder fromcontact the oil in the
seal ed mhmnber. 14. The punp assenbly according to claim 12, wherein
the primary seal conprises a coil spring that is |ocated exterior of
t he seal ed chanber for urging the rigid seal faces into engagenent

wi th each ot her.

I1. The pump assembly according to claim 8, wherein the pressure equalizing device further
comprises:

a bladder in the housing, the bladder having an interior in fluid communication with the
lubricant in the motor; and wherein

the secondary seal blocks contact of the lubricant in the interior of the bladder with the

chamber fluid in the sealed chamber.

12. A submersible pump assembly, comprising:

a housing for location between a pump and a downhole motor, the housing having a
pump end and a motor end,;

a passage extending through the pump end of the housing;

a shaft extending through the passage in the pump end of the housing for rotating the
pump;

a tubular bladder in the housing, the bladder having a pump end opening sealed to the

pump end of the housing and a motor end opening sealed to the motor end of the housing,

14



defining an interior for containing motor lubricant, the shaft extending through the pump end
opening and the motor end opening;

a well bore port for entry of well bore fluid into the housing around the bladder;

a primary seal having rigid seal faces in sliding engagement with each other as the shaft
rotates for sealing between the shaft and the housing at the pump end of the housing;

a non-rotatable secondary seal mounted in the passage at the pump end of the housing on
a motor end side of the primary seal, the secondary seal having an inner diameter in sliding and
sealing contact with the shaft and an outer diameter in stationary sealing contact with the
housing, the secondary seal having a motor side in fluid communication with the interior of the
bladder; and

the secondary seal and the primary seal defining between them a sealed chamber that is

sealed by the secondary seal from entry of the motor lubricant from the interior of the bladder.

13. The pump assembly according to claim 12, wherein the sealed chamber is filled with an oil
that is more viscous and more resistant to emulsifying with water than the motor lubricant, and
wherein the secondary seal prevents the lubricant in the interior of the bladder from contact the

oil in the sealed chamber.

14. The pump assembly according to claim 12, wherein the primary seal comprises a coil spring

that is located exterior of the sealed chamber for urging the rigid seal faces into engagement with

each other.
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