| MPROVED DOWNHOLE ELECTRI CAL SUBMERSI BLE PUMP SEAL BACKGROUND 1. Field of

I nvention [0001] This invention relates in general to subnersible well
punps, amsioiznigp@Entd7cul ar to seal assenblies used in compCcmAtS2@9/09i45h t he
notors that drive submersible well punps. 2. Background of the Invention
[0002] In oil wells and other simlar applications in which the production
of fluids is desired, a variety of fluid lifting systens have been used to
punp the fluids to surface hol ding and processing facilities. It is common
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to processing | ocations. [0003] One such conventional punping systemis a
subner si bl e punpi ng assenbly which is supported inmrersed in the fluids in
the wel | bore. The subnersible puBACKGROENDY includes a punp and a notor
to drive the qu to pressurize and pass the fluid through production
tubintho aﬁgglﬂakéﬁﬁgﬂbtion. A typical electric subnersible punp assenbly
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ot her febri fromthe,_ formati on. Conventional seal sections have not proved
ef fectT've iﬁ3%¥¥¥¥¥ﬂ Cany ntal contam nation of the notor. [0004]
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del et eri ous substances, such as particulate solids and other matter

cont ai hear¢ty dfofluidtlifsng fslystends have dween used to pump the fluids to surface holding and

10 processing facilities. It is common to employ various types of downhole pumping systems to

pump the subterranean formation fluids to surface collection equipment for transport to

processing locations.

[0003] One such conventional pumping system is a submersible pumping assembly which is
supported immersed in the fluids in the wellbore. The submersible pumping assembly includes a
15  pump and a motor to drive the pump to pressurize and pass the fluid through production tubing
to a surface location. A typical electric submersible pump assembly ("ESP") includes a
submersible pump, an electric motor and a seal section interdisposed between the pump and the
motor. The purpose of the seal section is to protect the motor from contamination as the
wellbore fluid usually contains deleterious substances such as particulate solids and other debris
20  from the formation. Conventional seal sections have not proved effective in preventing

environmental contamination of the motor.

[0004] Thus, there is a need for a seal section capable of effectively preventing deleterious
substances, such as particulate solids and other matter contained in formation fluids, from
entering the motor where such contaminants can interfere with the efficient operation of the
25 motor and can reduce the operational life of the motor. are frequently employed for pumping

well fluid from lower pressure oil wells.



entering the notor where such contam nants can interfere wwth the efficient
operation of the notor and can reduce the operational life of the notor are
frequent Iwoenmlidsy®d for punping well fluid froml| ower pPETASL@IO61457

wel | s. SUMVARY OF | NVENTI ON [ 0005] According to one aspect of the invention,
an electric subnersible punp assenbly is provided that includes an
electrical notor conprising a fluid cavity; a punp operably coupled to the
el ectrical notor; a drive shaft coupl ed between the el ectrical notor and

the punp; a seal assenbly c ﬁ@ﬂ@§3é§§§@9h§§1§§§ftriCa' notor and the
punp, the seal assenbly con%ﬂﬁ ning a cavity therein
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punp, an intake operably coupled to the cavity and a region outside of
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porti afppef edNoPMR donfMinication tube; and lower and upper sealing elements positioned within

the lower and upper central passages, respectively, for sealing the interfaces between the lower
15  and upper passages and the drive shaft..
[0006] According to another aspect of the invention, a method of operating an electric
submersible pump assembly, the assembly comprising a pump, an electrical motor having a drive
shaft for driving the pump and comprising a fluid cavity, and a seal assembly coupled between
the pump and motor for receiving and sealingly engaging the drive shaft is provided that includes
20  permitting fluids with the fluid cavity of the motor to flow into an upper portion of an overflow
chamber positioned within the seal assembly; and permitting fluids outside of the seal assembly
to possibly flow into a lower portion of the overflow chamber.
[0007] According to another aspect of the invention, a seal assembly for an electric
submersible pump assembly having a pump and a motor having a drive shaft for driving the
25 pump is provided that includes a housing defining a cavity therein comprising a lower end
adapted to be coupled to the motor and an upper end adapted to be coupled to the pump, an
intake port operably coupled to the cavity and a region outside of the housing, a communication
port operably coupled to the fluid cavity of the electrical motor, a lower central passage for
receiving one end of the drive shaft, and an upper central passage for receiving another end of
30 the drive shaft; a communication tube having a lower end that is operably coupled to the

communication port and an upper end that extends into the housing; a bellows positioned within



chanber positioned within the seal assenbly; and permtting fluids outside
of the seal assenbly to possibly flowinto a |lower portion of the overfl ow
chanber. WwOQOWjosA®cor di ng to anot her aspect of the inverCirarsom/osaal
assenbly for an electric subnersible punp assenbly having a punp and a
notor having a drive shaft for driving the punp is provided that includes a
housing defining a cavity therein conprising a |l ower end adapted to be
coupl ed to the notor and an upper end adapted to be coupled to the punp, an
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of the overfl ow chanber. BRI EF DESCRI PTI ON OF DRAW NGS [ 0009] Sone of the
features and benefits of the present invention having been stated, others



wi || becone apparent as the description proceeds when taken in conjunction
with the acconpanying drawings, in which: [0010] FIG 1 is a fragnentary
cross secwpanalosvisew of an ESP assenbly positioned w t hipaTaSesblobase t hat
traverses a subterranean formation; and [0011] FIG 2 is a fragnentary
cross sectional view of the seal assenbly of the ESP assenbly of FIG

1. DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBODI MENTS [ 0012] The present
invention will now be described nore fully hereinafter with reference to

t he acconpanyi ng draw n nts of the invention
are shown. This inventi w&wg@%ﬁ&%&q many different forns
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forth herein; rather, these enbodi nents are provided so tﬁ hi s
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enbodi ment of an ESP assenbly 10 i ncludes a conventional subnersible punp
12 shavjotpla PEIGD li istaafsgniditargebsa BeditnbBiievhaftan BSE assphnbly pesittorpi pathime 14,
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are corfdilteted wel | known to persons having ordinary skill in the art.
[0014] In an exenplary enbodi nent, a seal assenbly 16 is interposed and
coupl ed between the punp 12 and the notor 14 that includes a tubul ar
support nenber 18 that defines a |ongitudinal passage 18a and a

communi cation port 18b and includes an external flange 18c, an




I nternal annul ar recess 18d at one end, and an external lip 18e at the tip
of the one end. In an exenplary enbodi nent, the other end of the tubular
support meEoero/s819may be coupled to the notor 14. An en@#CofUSasn9ionrdeT sl eeve
20 that defines a |ongitudi nal passage 20a and one or nore radi al

conmmuni cation holes 20b at one end is received wwthin, mates with, and is
coupled to the internal annular recess 18d of the tubular support nenber

18. In an exenplary enbodi nent, one or nore o-ring seals 22 are provided

Fnternal anndlSrATCEDIFESER die S e® EORMERGS 02

I nternal ann ‘I\ BQEH]‘LSNgagm. JFWMH@ : seal i ng

t he i nfoerijaceThdprcSer @hvRAO WAl ndRUbAdessABéd RBrd RN Herdfaffe QALY RFerefiR8S
with, seals to, and is coupled to the other end of "the inner sleeve 20 that

i ncl udbs aggpmepengingairavings inwhich casmplaay empodinghtsaf thetvetticmare shewonEhisc

t ubul ar l.o ekyve tes W th,.sea 0, and IS C led to.the
end o?1 ntv%gio ul)@%f ’ z%f?méeggrplg r te%rPé) ggeg rlﬁfgangncgﬂféﬂnegt Z(frhles rangnsgogl? ‘%Qﬁfaf’%b"@f‘?%wé as

r ecei Vigaitedmttas ilistrhited $8dbaintedts s2nfbritiepdi g ratter, the e Riibeitaintsd8 Yovidedd 86 €S S
24a of the tubul ar sealingnenber 24 couPIed to the other end of the inner

s| eevehalpthis qisclsyrengifhdie, thiougha sk complete; angs wib dully toanyex the srope cﬂ/ﬁstlhza.
e . : FRed oh ‘o
An e.ndingénti%flqg ARdRLIGALY gﬁﬂoq% uhe 13 ﬂlﬁnge?é:l%;ﬁ%{'gﬁ 1113%%{%114%%’@#0‘3@%8‘&. seals 10
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end angf the pump 12 and the motor 14 are considered well known to persons having ordinary skill in

the art.

15 [0014] In an exemplary embodiment, a seal assembly 16 is interposed and coupled between
the pump 12 and the motor 14 that includes a tubular support member 18 that defines a
longitudinal passage 18a and a communication port 18b and includes an external flange 18¢, an
internal annular recess 18d at one end, and an external lip 18e at the tip of the one end. In an
exemplary embodiment, the other end of the tubular support member 18 may be coupled to the

20  motor 14. An end of an inner sleeve 20 that defines a longitudinal passage 20a and one or more
radial communication holes 20b at one end is received within, mates with, and is coupled to the
internal annular recess 18d of the tubular support member 18. In an exemplary embodiment, one
or more o-ring seals 22 are provided within the interface between the end of the inner sleeve 20
and the internal annular recess 18d of the tubular support member 18 for sealing the interface

25  there between. A tubular sealing member 24 receives, mates with, seals to, and is coupled to the

other end of the inner sleeve 20 that includes an external annular recess 24a.

[0015] An end of an elastomeric tubular bellows 26 receives, mates with, seals to, and is
coupled to the end of the tubular support member 18 and the other end of the bellows receives,

mates with, seals to, and coupled to the external annular recess 24a of the tubular sealing



i nternal annul ar recesses, 36d, 36e and 36f, at another end, and a

communi cation port 36g. In this manner, an annul ar chanber 38 is defined

wi t hi n t woaotisi®reeve 34 that surrounds and is fl uidi ecy/uss@vased? f rom

t he chanber 28 defined within the bellows 26. Furthernore, in an exenplary
enbodi ment, the chanber 38 is fluidicly coupled to the comunication port
36g which is, in turn, fluidicly coupled to an intake 40. hi this manner,
fluidic materials external to the seal assenbly 16 may enter the chamber 38
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be coqﬂ% g, Q@ the motor 14 while the upper end 42b of the drive shaft may

be cou to the punp 12. [0018] In an exenplary enbodi nent, bearings, 44

and 46, are positioned within the interfaces between the tubul ar support
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subt erthidne@ihef, Ginn@nRPA chamber 38 is defined within the outer sleeve 34 that surrounds and is
fluidicly isolated from the chamber 28 defined within the bellows 26. Furthermore, in an
15  exemplary embodiment, the chamber 38 is fluidicly coupled to the communication port 36g
which is, in turn, fluidicly coupled to an intake 40. In this manner, fluidic materials external to
the seal assembly 16 may enter the chamber 38 thereby equalizing the pressure within the

chamber 38 with the pressure within the chamber 28.

[0017] In an exemplary embodiment, the other end of the tubular support member 36 may be

20 coupled to the pump 12. In an exemplary embodiment, an end of the tubular sealing member 24
is received within, mates with, seals to, and is coupled to the internal annular recess 36¢ of the
tubular support member 36. In an exemplary embodiment, a drive shaft 42 is received within the
longitudinal passages, 18a, 20a, and 36b, of the tubular support member 18, the inner sleeve 20,
and the tubular support member 36, respectively, for transmitting torque from the motor 14 to the

25  pump 12. In particular, the lower end 42a of the drive shaft 42 may be coupled to the motor 14
while the upper end 42b of the drive shaft may be coupled to the pump 12.

[0018] In an exemplary embodiment, bearings, 44 and 46, are positioned within the interfaces
between the tubular support member 18 and the tubular support member 36, respectively, and the

drive shaft 42 for supporting the drive shaft 42 therein. In an exemplary embodiment, a seal 48



102. In an exenplary enbodi nent, the orientation of the wellbore casing may
be substantially aligned with the vertical direction. [0020] The notor 14
may t hen We 20pasatved to transmt torque to the punp 12 ®€rrug2a0@6dst ve
shaft 42. In this manner, fluidic material within the well bore casing 100
will enter the punp intake 12a of the punp 12 through one or nore inlet
ports 12aa provided in the punp intake. As a result, the fluidic materials
will then be exhausted fromthe outlet of the punp 12 into the conduit 14.

As will be. rec tzed b erso avi or di.nar kill in the art,
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expands and contracts in volume as function of the operating conditions

wi t hi rthe derdgpedetwaen thpandarsecessanshbe driveshaft 4%ri ng t he operation of the

notor 14, the dielectric fluid within the notor nmay expand in volume such
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may enter the chanber 28 defined within the bellows 26 through the
commun®828]i onlsomptor 84 neajothew beopéretedito transrhi¢ t@Qudtostha pumpelr2 akems theydrivean
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28 t hrough thgﬂfassages 20b defined in the inner sleeve 20, thé dielectric

f1ui d ofesulbethgdldic mgtegials twill then be sxhaowtad Gemsthe yutlshefithe funumtl2gntotthp of
any Suc%gduit 14. As will be recognized by persons having ordinary skill in the art, conventional
motors such as the motor 14 define a cavity that contains a dielectric and/or lubricating fluid
such as, for example, motor oil that expands and contracts in volume as function of the operating
15  conditions within the motor. In an exemplary embodiment, during the operation of the motor 14,
the dielectric fluid within the motor may expand in volume such that the dielectric fluid may
enter the chamber 28 defined within the bellows 26 through the communication port 18b and
communication tube 30. Since the annular chamber 38 is exposed to the fluidic materials within
the wellbore casing 100 by means of the fluidic communication between the intake 40 and the
20  communication port 36g, the operating pressure within the chamber 28 should substantially

equal the operating pressure within the annular chamber.

[0021]  Since the dielectric fluid dielectric fluid that may enter the chamber 28 defined within
the bellows 26 through the communication port 18b and communication tube 30 has a lower
density than typical fluidic materials found within the wellbore casing 100, in the event of an
25  leakage of the interfaces and sealing elements of the seal assembly 16 such that fluids from the
wellbore casing may enter the chamber 28 through the passages 20b defined in the inner sleeve
20, the dielectric fluid of the motor, by virtue of its lower denéity, should float on top of any such
wellbore casing fluids. As aresult, any fluids from within the wellbore casing that may enter the

chamber 28 should remain below the vertical level of the open end of the communication tube



wel | bore casing fluids. As a result, any fluids fromw thin the wellbore
casing that may enter the chanber 28 should remain below the vertical |evel
of the op&02erd50097t he conmuni cati on tube30. In this nmamoEMUS2000/061367 event
of a subsequent contraction of the volune of the dielectric fluid within
the nmotor 14, any fluids within the chanber 28 that may then be drawn back
into the open end of the comuni cation tube 30 should not include any
fluidic materials fromthe interior of the wellbore casing. In this manner,
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and are not |limting. Many variations and nodifications are possible and
are within the scope of the invention. Accordingly, the scope of protection
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cl ai meythabiePld @Wes.t he scope of which shall include all equivalents of the
subj ect matter of t%e claims.Clains: 1. An electric subnersible punp
assenbly, conprising: an electrical notor conprising a fluid cavity; a punp
oper abl0023Jouplt étiundersthed tabranidtioas maytbermade idrthe ebeteawithan depatng owethn t he
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10  modifications can be made by one skilled in the art without departing from the spirit or teaching
of this invention. The embodiments as described are exemplary only and are not limiting. Many
variations and modifications are possible and are within the scope of the invention. Accordingly,

the scope of protection is not limited to the embodiments described, but is only limited by the

claims that follow, the scope of which shall include all equivalents of the subject matter of the

15 claims.



a housing defining a cavity therein conprising a | ower end coupled to the
not or and an upper end coupled to the punp, an intake port operably coupl ed
to the cawOtg1005019a r egi on outsi de of the housing, a comuuAiSc@vioordspor t
operably coupled to the fluid cavity of the electrical notor, a |ower
central passage for receiving one end of the drive shaft, and an upper -
central passage for receiving another end of the drive shaft; a

comuni cation tube having a lower end that is operably coupled to the
connun'fatipn port and an upper end that extends into the housing; a
belloﬁgiﬁggitioned within the cavity of the housing that receives and is
fluidicly coupled to the upper end of the conmunication tube; and | ower and

upper Beal i ngARIRRIBIY sbRREIBIE pORE aehibly coli@ris@ger and upper central
passages, respectively, for sealing the interfaces between the | ower and
upper passages and the drive shaft. 2. The assenbly of claim 1, wherein the
upper end of ¥hdledtdeahumateneameniistngyeilnigd cavidy;t i oned proxi mate an upper end of
the bellows. 3. The assenbly of claim 1, further conprising a sleeve

positioned w jhi i R enbly having a | ower end
recei ved mﬁtﬁ%ﬁ&gﬁgpggggﬁﬁh gdg%%%gﬁﬁg tLgBﬁgher central passage of the

housi ng and an upper end received within and seal ingly engagi ng the upper
cedtral passagédriof shafieohpled bety cemtieradéatri¢dh matdremdehe pospves t he drive
shaft. 4. The assenbly of claim1, wherein the sleeve defines one or nore

radi al passages _proximte a, | r e f the sleeve, .5 A thqu%f
operating an aefeélg?ﬁ's?ﬂ@ u@%*eg%f%eeaﬁﬁ%&ﬁg@é%m}fm %thzf?élg% SeghassTeblyg a
punp, @misafgtrical notor having a drive shaft for driving the punp and
conprising a fluid cavity, and a seal assenbly coupled between the punp and
notor for recejving and. ) . o
a housing defining a cavity therein comprising a lower end coupled to the motor and
an upper end coupled to the pump, an intake port operably coupled to the cavity and a region
10  outside of the housing, a communication port operably coupled to the fluid cavity of the
electrical motor, a lower central passage for receiving one end of the drive shaft, and an upper

central passage for receiving another end of the drive shaft;

a communication tube having a lower end that is operably coupled to the

communication port and an upper end that extends into the housing;

15 a bellows positioned within the cavity of the housing that receives and is fluidicly

coupled to the upper end of the communication tube; and

lower and upper sealing elements positioned within the lower and upper central
passages, respectively, for sealing the interfaces between the lower and upper passages and the

drive shaft.

20 2. The assembly of claim 1, wherein the upper end of the communication tube is

positioned proximate an upper end of the bellows.

3. The assembly of claim 1, further comprising a sleeve positioned within the housing of
the seal assembly having a lower end received within and sealingly engaging the lower central
passage of the housing and an upper end received within and sealingly engaging the upper

25  central passage of the housing; wherein the sleeve receives the drive shaft.



sealingly engaging the drive shaft, conprising: permtting fluids with the
fluid cavity of the notor to flow into an upper portion of an overfl ow
chanber pwei2vicosed7wi t hin the seal assenbly; and perm t cmgiskéogioadsisput si de
of the seal assenbly to flowinto a | ower portion of the overfl ow chanber.
6. The nethod of claim5, wherein the overflow chanber conprises a
resilient chanber. 7. The nethod of claimb5, further conprising exposing
the overfl ow chanber to the operating pressure of the fluids outside of the

seal assenbly., 8. A seal .assenply. for an el ectyi.c subnersible pu assenbl y
navi nga puroTnas SR oF RIS hgvhedih B8 Seef Lerbe R OF mpte ralip{ Rpaces
conpr i grbRighatda s iend ofithkisided@ a cavity therein conprising a | ower end
adapted to be coupled to the notor and an upper end adapted to be coupl ed

to the punp, an intake port operably coupled to the cavity and a regi on
outsi d@ of thd msthoidngl eperasimguan cileston pomerspler apny esepbld the assanblyui d
cavity i g r f r i ving one
end ofc<Ripetiif CRREL ol flotorha MU RN R ro R AR R0 e b Bl BRI IRR .
end ofa tlogl davitye andhaf scal asseotbiycbusled dotvidehahé guhipgail hier foendediviag and

operabl y cqupled.to the cq ni cati.on port and an upper end that extends
into tsr%llr}ggx,glpg?&ngéhg PV%%T};S%IPW%%d within the cavity of the housing

that receives and is fluidicly coupled to the upper end of the

communi cat i onyd-ihREne & H_TRhid BRRYy oTeRd 1 ] bdol et Bi N
the | ower an uppe?gcgﬁ%sgﬁf%agggges, respe@??gg%??%pgﬁ)gg@h%%gaﬁﬁg%H%ﬂ

i nt er favetfovh chanehen positonashwithiarnie seppasserpblysaigks and the drive shaft. 9. The
assenbly of claim@8, wherein the upper end of the conmunication tube is

permitting fluids outside of the seal assembly to flow into a lower portion of the

10 overflow chamber.
6. The method of claim 5, wherein the overflow chamber comprises a resilient chamber.

7. The method of claim 5, further comprising exposing the overflow chamber to the

operating pressure of the fluids outside of the seal assembly.

8. A seal assembly for an electric submersible pump assembly having a pump and a

15  motor having a drive shaft for driving the pump, comprising:

a housing defining a cavity therein comprising a lower end adapted to be coupled to
the motor and an upper end adapted to be coupled to the pump, an intake port operably coupled
to the cavity and a region outside of the housing, a communication port operably coupled to the
fluid cavity of the electrical motor, a lower central passage for receiving one end of the drive

20  shaft, and an upper central passage for receiving another end of the drive shaft;

a communication tube having a lower end that is operably coupled to the

communication port and an upper end that extends into the housing;

a bellows positioned within the cavity of the housing that receives and is fluidicly

coupled to the upper end of the communication tube; and

10



positi oned proxi mate an upper end of the bellows. 10. The assenbly of claim
8, further conprising a sleeve positioned within the housing of the seal
assenbl y weweonrigsaiorower end recei ved within and seal i nglpgTasgagionst he

| ower central passage of the housing and an upper end received within and
seal ingly engagi ng the upper central passage of the housing; wherein the

sl eeve receives the drive shaft. 11. A systemfor operating an electric
subnersi bl e punp assenbly, the assenbly conprising a punp, an electrical

notor having a drive shaft for driving the punp..and,c risi a flud

Cavi Ly, - and. doughad BBRb ol B, Hrmin SR iy RE e Ad bt upg cehtal
recei ialghgas) despRativalg! fYr %&ﬁﬁ? itDirkdieaced b¥fesh B loweP BRI b di‘@b'a_siﬁ?@sﬂﬁldf e
permtting fluids with the fTuid cavity of the notor to ow i nfo an upper
por t i ohivefshalt overfl ow chamber positioned within the seal assenbly; and
means for permtting fluids outside of the seal assenbly to flowinto a

| ower Jortio f h . . siem. o i-m.11, erein
t he o&grflompgﬁgﬁ%%gm oﬁ%##%%g%a%ﬁgg%?ﬂ%%#miﬁgﬁ%%f&1¥§f&$ﬁ%%§§%%én?bFlélaim
115 f yoshhed promirhate ag upparad bbthedeflogsng t he overfl ow chanmber to the
operating pressure of the fluids outside of the seal assenbly.

10. The assembly of claim 8, further comprising a sleeve positioned within the housing of
the seal assembly having a lower end received within and sealingly engaging the lower central
passage of the housing and an upper end received within and sealingly engaging the upper

central passage of the housing; wherein the sleeve receives the drive shaft.

10 11. A system for operating an electric submersible pump assembly, the assembly
comprising a pump, an electrical motor having a drive shaft for driving the pump and comprising
a fluid cavity, and a seal assembly coupled between the pump and motor for receiving and

sealingly engaging the drive shaft, comprising:

means for permitting fluids with the fluid cavity of the motor to flow into an upper

15  portion of an overflow chamber positioned within the seal assembly; and

means for permitting fluids outside of the seal assembly to flow into a lower portion of

the overflow chamber.
12. The system of claim 11, wherein the overflow chamber comprises a resilient chamber.

13. The system of claim 11, further comprising means for exposing the overflow chamber

20  to the operating pressure of the fluids outside of the seal assembly.

11



