SEAL SECTI ON FOR ELECTRI CAL SUBMERSI BLE PUMP Field of the Invention This
invention relates in general to electrical subnersible well punps and in
particular to a seal section that |ocates between the punp notor and the
punp for equalizing |ubricant pressure contained within the notor with
hydrostatic pressure on the exterior. | Background of the Invention:

El ectrical subnmersible punps are often used for punping a m xture of oil and
water from a wel | . SKAESHGHONEOR Ik CIRdEAbI SUBMMERSIBIE 8UME cal notor and a
rotary punp, which may be centrifugal or other types. The notor is filled
with a dielectric lubricant, and a seal section between the notor and the
punp serves tqQ equalize the internal pressure of the lubricant wth the
hydrostéﬂﬂ€2§ﬂ5§£&ﬂﬂﬂﬁh the exterior of the punp assenbly. A typical seal
section, also called a pressure equalizer, has a tubul ar housing through
which a drive shaft extends for transmtting rotation of the notor to the
punp. A t hr udhisgeyantiag relafesimrgencral to edgcfrigsl $lg>@m%lew¢ limvenps @pgl inspastieudar t or
absor bi ng downt hrust created by the punp. The lubricant in the punp al so

| ubri cataeseat hertiphrthatt lobses betgveevahé pump meetns and éhe ppmpyfed eqoalezingalubrieant

| ubricant pressure with the well fluid. A tubular elastoneric bladder may
be nountpestsirs corigins®@ithinakié motor withehydtozriele présqure agtherxiefoerior in fluid
comuni cation with the lubricant in the notor. A well fluid passageway
allows well fluid to enter the seal section on the exterior of the bl adder.
Labyrinth tubes are al so enployed, either alone or in a separate chanber
fromthe bladder. The water of the well fluid is normally denser than the
oil. Generally, the labyrinth tubes are nounted with an upper inlet and a

| ower outlet, so



that water flow ng downward through the tube cannot flow back upward through
the outlet in a nmanner so as to mgrate into the notor. The seal section

al so has features to acconmpdat e expansion of the lubricant in the notor,
whi ch occurs as the notor gets hotter. A check valve may be enpl oyed to
expel excess lubricant wthout allowing the entry of well fluid. 2 Most

seal sections have nultiple chanbers, usually two to four, for housing the
bl adder and | abyrinth tubes. Normally, each chanmber is a cylindrical sleeve
secured at its upper and |ower ends by threads to adapters and shaft
support nenbers. The additional threaded sleeves add to the cost of a seal
sect i onBagk thepxe : section of this invention has a nunber of
desirable features. A labyrinth tube is |ocated within the bl adder for

expel | i ng ai Eledtricalngybmietsible)gumphare lofiby nsedtfbr purhging a snistukeoednil anddvaterHem
connects to a separate oil-filled chanber. The seal section has upper and

| ower adaylleriSorhmaily Siec purhjh gsseblystes lan eketrlcahmbek wee B rétaryppuiip, atdchimbpbe The
housing is a single cylindrical sleeve connected between the upper and

| over adaptifigsl oothby Hpbs. DERE MG oARSEIM ¥ith % diekakiedubricaht) @nhoUsdangecabpve
the | ower adapter. Lower and central radial bearing supports fit within the

noue: sk b BRSO AREDS I e haRIYS0N HERE RELSTASE,
(he. Cont st hal R SUBR0 e A1 Licytpper odapter. The I over and
assembl ed as Aatyl;J)inciai[ se%?(gegtir(])i,e ;ltsg %alled a pressure equalizer, has a tubular housing through
which a drive shaft extends for transmitting rotation of the motor to the pump. A thrust bearing
assembly is often located in the seal section for absorbing downthrust created by the pump. The
lubricant in the pump also lubricates the thrust bearing.

Various means are employed to equalize lubricant pressure with the well fluid. A tubular
elastomeric bladder may be mounted in the seal section, the bladder having an interior in fluid
communication with the lubricant in the motor. A well fluid passageway allows well fluid to
enter the seal section on the exterior of the bladder. Labyrinth tubes are also employed, either
alone or in a separate chamber from the bladder. The water of the well fluid is normally denser
than the oil. Generally, the labyrinth tubes are mounted with an upper inlet and a lower outlet, so
that water flowing downward through the tube cannot flow back upward through the outlet in a
manner so as to migrate into the motor.

The seal section also has features to accommodate expansion of the lubricant in the

motor, which occurs as the motor gets hotter. A check valve may be employed to expel excess

lubricant without allowing the entry of well fluid.



into one end of the housing. 4 Brief Description of the Drawi ngs Figures I A
and | B conprise a vertical sectional view of a seal section for an

el ectrical subnersible well punp assenbly in accordance with this
invention. Figure 2 is an enlarged sectional view of an upper portion of the
seal section of Figure 1. Figure 3 is a schematic sectional view of an

el ectrical subnersible punp assenbly in accordance with this invention. 5
Det ai | ed Descri ption of the Invention Referring to Figure 3, an electrical
submer si bl e Pdonp sead seqtiony have pultigleghambersgsyally Mfswafq%orommqsm thebladder13 in
a well. ESP 11 is suspended on a string of tubing 15, and in this

enbodi memd labjirietthtabge s Neahhlly, |eachd chgmbien lis ng,y&&dricEBﬂem $equred atnits aypper7and
typically a three-phase AC notor. Mdtor 17 is connected to a seal section
19, whi dbwerendsiby thigadsotorudaptest dnd shafp siiport Inembdes.0Thd dddidoral khrealledisicbves

| ubricant, and seal section 19 equalizes the lubricant pressure with the
hydrostqﬁug,gk%§§qﬁgsgﬂsanﬁnmelI fluid on the exterior. Punp 21 is a rotary
punp, such as a centrifugal punp having a | arge nunber of stages, each
stage having an inpeller and a diffuser. Punp 21 has an intake 23 on its

| ower end that draws well fluid in. Referring to Figures 1A and 1B, sea
section 19 has a | ower adapter 25 for securing to notor 17 (Figure 3).
Lower adapter 25 typically has a flange 27 that receives bolts that bolt to
a mting flange of nmotor 17. An upper adapter 29 (Figure 1A) connects seal
section 19 to punp 21 (Figure 3). Upper adapter 29 has threaded holes 31
for receiving bolts froma | ower adapter



of punp 21. Seal section 19 has a housing 33 that conprises a cylindrical

sl eeve secured to |ower and upper adapters 25, 29, preferably by threads.
Housing 33 is preferably a single integral nenber. A shaft 35 extends

t hrough seal section 19 for transmtting rotary notion fromnotor 17
(Figure 3) to punp 21. Shaft 35 has an upper splined end 37 that optionally
may have a latch nenber 39. Latch nenber 39 |atches to the shaft (not
shown) of punp 21 (Figure 3) so as to transmt tension. Shaft 35 has | ower
splined end 41 that engages the shaft of notor 17 (not shown). 6 A
conventional thrust bearing 42 is |ocated in seal section 19, as illustrated
i n Fi gurSanary Thrust bearing 42 conprises a rotary thrust nmenber or runner
43 that is secured to shaft 35. Runner 43 rotatably engages a stationary

downt hrust  mETKBeEal Rectidase tKib ifveatfion KasHuR{bRE of desiriifle faaRREY. AilsbSrifth thiwgr
adapter 25. Runner 43 al so engages a stationary upthrust nenber 47 while in

UPE N US ocab T i B AGE: (87 chRIBHORC AL HID! MHEQMSReh b agehalerpuar d

novement retalner ring e"a snapring. Alower ra |

bearingtﬁ#g @&%§13E%§g%§$§§¥gﬁg8%%P$ousing 33 agai nst downward novenent by

retai ner Eﬁg support 49 has a bushing 51 that is

slidably engr ged by shaLt 35. Bushing 51 does not forma seal on shaft 35
and may have gaég%lgﬁgtlm ascHRAThand lqwer sdgierstor secpring e sqal srtipheetyee age of
notor lubricant. Lower radial bearing support 49 has seals on its exterior
t hat sediumpging melgagdhe heusingé a gingleecytindrispl sleersi qognaded etwesgethe uppasiaadi on
tube 53 extends sealingly into a counterbore in |ower radial bearing support
49 at t Hewenglaptersend thfusbbedninggs&enbly isnercated i diei lomsing dotSthedsweamnadapteer
dianeter that is larger than the

Lower and central radial bearing supports fit within the housing for radially supporting the shaft.
Isolation tubes enclose the shaft and connect between the lower and central radial bearing
supports and the central radial bearing support and the upper adapter. The lower and central

radial bearing supports, the isolation tubes, and the bag can be assembled as a unit and inserted

into one end of the housing.



outer dianmeter of shaft 35, creating an annul ar passage for the flow of
notor lubricant. Motor lubricant is free to flow between the area
surroundi ng thrust bearing 42 and the annul ar clearance wthin |ower

i sol ati on tube 53. The upper end of |ower isolation tube 53 extends into
seal i ng engagenent with a counterbore in a central radial bearing support
55. Central radial bearing support 55 has seals on its exterior that seal
agai nst the inner dianeter of housing 33. Central radial bearing support

al so has a bushing 57 that slidingly engages shaft 35 but does not seal
against the flow of lubricant. A |ower chanber 59 is defined by the annul ar
space b@&riefPescriptionl ofthaDraingspports 49 and 55 and surroundi ng | ower

i sol ati on tube 53. A passage 61 extends through central radial bearing
support 55 fromits lower end to its upper end. 7 Referring to Figures IA
and 1B, an upjpuresi I90had i Breotnpbiee 6 Yehiesl dettborlabview efihdlsenb adctiog lfyr are¢lgaged! i n a
counterbore in central radial bearing support 55 above bushing 57. The upper

end of suRGSIbieSIBundNadsetiBlyGs adootRAESWIR thiReEntRAaPt er 29, defining an
annul ar upper chanber 64 w fthin housing 33. A tubular elastoneric bl adder

65 is locate 7, t hat
fits seali ng?ﬁ“ﬁr%&n %pd? edcsgamr@m% ?ﬂéﬁgﬂ?&(t:lgﬁ?? %s@alg?égf)h Ogﬂ%rgl
support 55. ladd er end t is sealli

setured o allFaddsA ¥ ?fa?twaect?ana?aé%ﬂt ofeflRp St Bl Ao rsatlgiter 71
is a tubular nmenmber that is secured by threads to the upper end of upper

i sol at i @fcardasee wah tHs ygation: et aj ner 71 has an upper portion that sealingly
engages a counterbore 70 formed in the |l ower end of upper adapter 29.
Referring again to Figures A and 1B, a port 72 is located in the sidewall

of upper isolation tube 63 near its upper end. Port 72 communicates the
annul ar cl earance w thin upper



isolation tube 63 with the interior of bladder 65. In addition, a |abyrinth
tube 73 has its upper end secured to a port 75 |ocated adjacent port 72.
Port 75 is shown bel ow port 72, but it could be |located at the sane |evel
or even above port 72. Isolation tube 73 is a snmall dianmeter tube that
extends from port 75 downward al ongsi de upper isolation tube 63 sealingly
into the upper end of passage 61 (Figure 1 B) in central radial bearing
support 55. Lubricant within | ower chanber 59 thus conmunicates with

| ubricant in the annul ar clearance around shaft 35 within isolation tubes
53 and 63 via |labyrinth tube 73. Referring to Figure 2, a threaded plug

r ecept addesailed Description ofjthednyention adapter 29. Pl ug receptacle 77 wil |
normal Iy contain a plug (not shown) during operation, but it is renoved
during the lubricant filling procedure. A radially extending passage 79

joins an i nn&efeerug 6f Figuog 3, reckptrmel subitierabd paxtpeasdemblywHr ('ESB")ais shawal
passage 81 through which shaft 35 extends. A bushing 83 is |located within

passage ifktalfe@rwitin Gasidl V3 engagiinESenel fsailbpentisd o1/ BRI sTHuBIAATS, &l in this
Bushi ng 83 does not provide a seal against the flow o | ubri cant. One or

mor e chegi ﬂe\‘nﬁ%ﬁﬁarﬁé’sr well ’ﬁ Lﬁg] uwhg'TF.”EQPVl‘? sQ drorS17, | a&éﬂ?%rthrgg-ﬂl?&sér 29.

Vent port exte war d ower en upper Into an

|ntersect e P rece e 71. eck
val ve: ae Gt M s ?eﬁﬁ%q B Pt i 3%‘*&%3%? R e 71

all ow upward flo as i cated e arr in Fig 2, A well port
89 ext endeor | fillgd W‘Iﬂbﬁg‘l‘ bricag, B‘PC}/EFBE&"“%%/F%‘P‘IIZ? ‘éprtf’é’% Hr?sgrf ‘Y‘g‘rﬁij‘éd in
t he upper end of upper adapter 29. Cavity 91 is in fI uid comunication with
wel | f | diydrogtatie peeseure exfithe wstl @éélonsfb@tei?(@ﬁo&Q Pymg 2 Inisak eotary3pynm, gueheagy of
punmp 21. Well fluid port 89 alternately could extend through an exterior

si de wakehtrififgalipyep hadagpt darg® Bumber of stages, each stage having an impeller and a diffuser.

Pump 21 has an intake 23 on its lower end that draws well fluid in.

Referring to Figures 1A and 1B, seal section 19 has a lower adapter 25 for securing to
motor 17 (Figure 3). Lower adapter 25 typically has a flange 27 that receives bolts that bolt to a
mating flange of motor 17. An upper adapter 29 (Figure 1A) connects seal section 19 to pump
21 (Figure 3). Upper adapter 29 has threaded holes 31 for receiving bolts from a lower adapter
of pump 21. Seal section 19 has a housing 33 that comprises a cylindrical sleeve secured to
lower and upper adapters 25, 29, preferably by threads. Housing 33 is preferably a single
integral member.

A shaft 35 extends through seal section 19 for transmitting rotary motion from motor 17
(Figure 3) to pump 21. Shaft 35 has an upper splined end 37 that optionally may have a latch
member 39. Latch member 39 latches to the shaft (not shown) of pump 21 (Figure 3) so as to
transmit tension. Shaft 35 has lower splined end 41 that engages the shaft of motor 17 (not

shown).



A nmechani cal seal assenbly 92 is |located at the upper end of shaft 35 for
seal i ng agai nst the encroachnent of well fluid fromcavity 91 into notor 17
(Fig. 3) In this enbodinent, nechanical seal assenbly 92 includes a rotary
seal nmenber 93 that rotates with shaft 35 and is biased by a coiled spring
95 against a stationary seal base 97. A secondary shaft seal 99 may
optionally be | ocated bel ow seal base 97. Lubricant seal 99 is shown to be a
conventional shaft oil seal. Preferably a lubricant is |ocated between oil
seal 99 and Acanveatgealhrystdraring 4 isHegated iglseal segiionntyasillpsteated indigureréBot or

| ubricant. To assenbl e seal section 19, the internal conponents of sleeve or
housi ngTB@®istabearipg &2 casmpeistd & dotarydthpuss echbenbo rinneis # hghad 3s fecoradoneshefnds. For
exanple, the user may first install |ower adapter 25, thrust bearing 42 and
shaft 3Ruhrer B9 ystafablydchgaddiar statinatyhdwitirubttndhiRa s 888 45 thdPRehoumeed th T

i sol ation tubes 63, 53 wth radial bearing support nenbers 49 and 55 and

bl adder u@}r SIS Hes: aa%]ﬁa m%@dﬁpaﬁ alsbes agg{)ég%ﬁmﬁw uBifRlst &E&B& ?ﬁw%d into

housi ng The user en wou secure u apt er ousi ng
Count erbore, 7 i.des sealingl.y over . 9.hladder tainer 71 to make .up the
engagonthiruty DrRES RS2 o s@pBc Lol RerTin s SHUEE bevide FnPREESA « i n
housing 33. Prior tg, operation, notor 17 and seal section 19 are filled with
a not or 'SRIBHITEEAS, Whish mayDeia)ap HB%-hods can be enpl oyed. In one techni que,
nmotor 17 is initially filled with lubricant at a manufacturing or service
facility. AtAtlpavepefiakibearing supposted? iigrsuppories Fedonsing 133 egpinshpjsemwart  of
notor 17, and the lubricant is punped in froma fill port (not shown) at the
upper enmvehentbyoetaing/ring h& power rhdinl beacirg suppbet 49 haf Eibgshi@g 51 that Brhidabdly pri or
to punping the lubricant into notor 17 (Fig. 3). The operator can punp
| ubri cashigabedBy it 85.| Busltihg SWRRS Hotl farr @dealSAE §Ha@ 3 5L Ehdhay have passages or

channels through it to freely allow the passage of motor lubricant. Lower radial bearing support

49 has seals on its exterior that sealingly engage the inner diameter of housing 33. A lower

isolation tube 53 extends sealingly into a counterbore in lower radial bearing support 49 at the

upper end of bushing 51. Lower isolation tube 53 has an inner diameter that is larger than the

outer diameter of shaft 35, creating an annular passage for the flow of motor lubricant. Motor

lubricant is free to flow between the area surrounding thrust bearing 42 and the annular clearance

within lower isolation tube 53.

The upper end of lower isolation tube 53 extends into sealing engagement with a

counterbore in a central radial bearing support 55. Central radial bearing support 55 has seals on

its exterior that seal against the inner diameter of housing 33. Central radial bearing support also

has a bushing 57 that slidingly engages shaft 35 but does not seal against the flow of lubricant.

A lower chamber 59 is defined by the annular space between radial bearing supports 49 and 55

and surrounding lower isolation tube 53. A passage 61 extends through central radial bearing

support 55 from its lower end to its upper end.



| ubricant begins to flow out plug receptacle 77. Air in seal section 19
woul d be displaced out port 77 during that procedure. During filling,

| ubricant flows upward through the spaces around thrust bearing 42 (Fig.
1B) and the annul ar cl earance around shaft 35 in |ower isolation tube 53.
The lubricant flows up through the annul ar cl earance in upper isolation
tube 63 and down into bl adder 65 via port 72 (Figure | A). Lubricant also
flows into | ower chanber 59 via |abyrinth tube 73 and passage 61. Once

| ower chanbeRe&gingig Kigeres AdeandoB, s uppaigelatigntube &3rhas lilsdowehend seplingdbant
will flowup into the spaces around shaft 35 in upper adapter 29, at |east
up to oehgagedhin Dequnierbart iin contel radial beariniglsupprgt Saatwivadusting gt Ahé epper end
receptacle 77 and ESP 11 (Fig. 3) is lowered into the well. As ESP 11 is

| ower edof Opper tisotativalthbe 6& kktehdsuiocuppeit fdapter QP edefmiviaie inrfodar WipperCéhaimbyr &4 and
passage 89. The hydrostatic pressure of the well fluid is exerted via

bl adder wiirf Rodsitg B30T A G@Rllar Wa?;t@ﬂn@rl@lb%qgrr 653s %qteﬁ%%muppewwn&rr gahe

desired depth, the operator supplies power to notor 17, causing punp 21 to
draw we h ugh
tubi ng ?éadtd‘*éﬂ%%fPP’aeﬁ R0} RS, Y bR T AR R it 05#*9%‘ RlfEe
thelublcant to expa to the panS|on S Iub ant nmay, vent
{hr ough DGR UBRIt §5- dHlatdeh 65 s aimyek S5 Ta Wf)s@f eh il‘?a?ﬁ? R
| ubricant is normally Iess dense than the well fluid, which often contains a
hi gh phleddeitigtaines(’1s a5 shown ér Figuiug- ¢ Rladdesrrew@iner Br s catwbulan mgsmher tadhdsrber
64 will typically gravitate upward t hrough passage 89 and into cavity 91
wher e i seontadl by theagatopbel upper hd oSuppeniselatign pibme3. Bladdei gtai®y .71 Gagan uppee,
sone | eakage of well fluid past nechanical seal 92 and oil seal 99 may
occur. portion that sealingly engages a counterbore 70 formed in the lower end of upper adapter 29.
Referring again to Figures 1A and 1B, a port 72 is located in the sidewall of upper

isolation tube 63 near its upper end. Port 72 communicates the annular clearance within upper

isolation tube 63 with the interior of bladder 65. In addition, a labyrinth tube 73 has its upper

end secured to a port 75 located adjacent port 72. Port 75 is shown below port 72, but it could be

located at the same level or even above port 72. Isolation tube 73 is a small diameter tube that

extends from port 75 downward alongside upper isolation tube 63 sealingly into the upper end of

passage 61 (Figure 1B) in central radial bearing support 55. Lubricant within lower chamber 59

thus communicates with lubricant in the annular clearance around shaft 35 within isolation tubes

53 and 63 via labyrinth tube 73.

Referring to Figure 2, a threaded plug receptacle 77 is located in upper adapter 29. Plug
receptacle 77 will normally contain a plug (not shown) during operation, but it is removed during
the lubricant filling procedure. A radially extending passage 79 joins an inner end of plug

receptacle 77 and extends inward to an axial passage 81 through which shaft 35 extends. A

bushing 83 is located within passage 81 for slidingly engaging and radially supporting shaft 35.



If so, this well fluid will gravitate dowward past bushing 83 and into the
annul ar cl earance surroundi ng upper isolation tube 63. Sone of the well
fluid will flow out port 72 into bladder 65. Sone of the well fluid wll

fl ow down | abyrinth tube 73 into | ower chanmber 59. Any well fluid that
enters bl adder 65 will collect at the |ower end and would not be able to
reenter port 72 |located near the upper end of bladder 65. Al so, any well

fluid that .may_collect in, |ower chamher 59 uld ngt be able to f] ow upward
o poBRshing e Aoesiot pryda s il PEAVHIE G AT PECAR. Lt an g Shecknavel B o
cylindrical sleeve of the housing reduces cost over nultiple sleeve

housi ngéte Ipeated withinhe verd\port &hin enpar pdapter 28i aY e darti §gextends powerd Gpmche i nt o
t he housi ng, the seal section can have nore volune for oil expansion than a
prior aldweseall «fappenaddpseri29gintdien saemeaiverwith rddeal giaksagd V@ inevbrdr fromhplagibe
al l ows bl eeding of trapped air and provides an additional barrier for well

fluid ifeckfracleyenChedk vapakesowill alfosy ddwnvaed@ flowFTNEBinéSuppRe Khithbee84 biitthot educe
entry of well fluid into contact with the lubricant. Filling and servicing

are nor %u&%@évgrgw& Q4 rmcatée@ e wewitiﬁgﬁga}é g.mhg\gl RER Dot tdnds BBIKRONE 0{

its forns, i oul d be apparent to se s In the art that 1t 1s no

205 PR oA S ToRRTESH: U oCHRRL by 00 [
DU a5 ¥ TR S Bin RS b TSR e BT TS BT B
through ZQ%Il?Jngng%)fo%rpuypaans. m{?\}egli ﬂnu?d ;)(c))I:[t %giaﬂgr?lgtegloécju?dn extend through an exterior side

wall of upper adapter 29.

A mechanical seal assembly 92 is located at the upper end of shaft 35 for sealing against
the encroachment of well fluid from cavity 91 into motor 17 (Fig. 3) In this embodiment,
mechanical seal assembly 92 includes a rotary seal member 93 that rotates with shaft 35 and is
biased by a coiled spring 95 against a stationary seal base 97. A secondary shaft seal 99 may
optionally be located below seal base 97. Lubricant seal 99 is shown to be a conventional shaft
oil seal. Preferably a lubricant is located between oil seal 99 and seal assembly 92, and that
lubricant may differ from the motor lubricant.

To assemble seal section 19, the internal components of sleeve or housing 33 are pre-
assembled and pushed into housing 33 from one end. For example, the user may first install
lower adapter 25, thrust bearing 42 and shaft 35 in housing 33. The user then would preassemble
upper and lower isolation tubes 63, 53 with radial bearing support members 49 and 55 and

bladder 65. The user then would push this subassembly over shaft 35 and into housing 33. The

user then would secure upper adapter 29 to housing 33. Counterbore 70 slides sealingly over



fromthe notor to the punp; a central radial bearing support that rotatably
supports the shaft and which defines upper and | ower chanbers in the

housi ng; a well fluid passageway | eading froman exterior portion of the
housing to the upper chanber; upper and | ower isolation tubes extending
around the shaft within the upper and |ower chanbers, respectively, each of
the isolation tubes having an inner dianeter larger than the shaft,

defining an annul ar passage for fluid comunication with |ubricant

cont ai n®kadder retgmenpl tormake ) the gagagsmentoviilei theythrends ap ypperiadanten 3%mgegeshe i n

t he upper chanber for separating lubricant within the bl adder from well
fluid i thredds withirehousing®Ber on the exterior of the bladder; and a | abyrinth
tube within the bl adder and having an upper end in fluid comunication with
a |abyrinth pebot td emgition, tdtsrughaidi&alipaeeon i19 Arafilled withhe mded ! lubicnt, dpder
end to the annul ar passage, the | abyrinth tube having a lower end in fluid
CoOMMUNI GafihRMMhdd3 bl Be bRAPRed NBIGR techRiqui NRoDL B isSRRAIIP IIEE GAth FitdRaftr C! @i m

1, further conprising: uppef and | ower adapters for conhection to the punp

I
ot 0 G RRhpe STESRAAALY AL BRI ISR

housi ng _ I"ower "Cha 0 over” adapter;
TP Lo b1 %R R b S ursped Y B2 AT Sor ok e BEint S oS BPSHor 1 ©

17. The plug for receptacle 77 (Fig. 2) is removed prior to pumping the lubricant into motor 17
(Fig. 3). The operator can pump lubricant from the fill port upward in seal section 19 until
lubricant begins to flow out plug receptacle 77. Air in seal section 19 would be displaced out
port 77 during that procedure.

During filling, lubricant flows upward through the spaces around thrust bearing 42
(Fig. 1B) and the annular clearance around shaft 35 in lower isolation tube 53. The lubricant
flows up through the annular clearance in upper isolation tube 63 and down into bladder 65 via
port 72 (Figure 1A). Lubricant also flows into lower chamber 59 via labyrinth tube 73 and
passage 61. Once lower chamber 59 and the interior of bladder 65 are filled, the lubricant will
flow up into the spaces around shaft 35 in upper adapter 29, at least up to oil seal 99, if utilized.

After filling, a plug is installed in receptacle 77 and ESP 11 (Fig. 3) is lowered into the
well. As ESP 11 is lowered into the well, well fluid enters upper chamber 64 via cavity 91 and
passage 89. The hydrostatic pressure of the well fluid is exerted via bladder 65 to the lubricant
within bladder 65 and motor 17. When at the desired depth, the operator supplies power to
motor 17, causing pump 21 to draw well fluid in through intake 23 and discharge the well fluid

through tubing 15 to the surface.

10



3. The seal section according to claiml1, further conprising: a bl adder
comuni cation port in a sidewall of the upper isolation tube within the

bl adder for communicating |ubricant in the annul ar passage with the
interior of the bladder. 12 4. The seal section according to claim1,
further conprising: an upper adapter secured to an upper end of the housing
for connection to the punp, the upper adapter having a shaft passage

t hrough which the shaft extends; a seal base stationarily nmounted in the
shaft passagMotr Yhaill bsein té’db‘i?f aip; whichneaquses- the dybrdcant @y eypandal Dpe rip dhe
connected to the shaft and in rotational, sliding engagenent with the seal
base; aexpansiomi ¢xcessalubricanhtneny bent vibrongh perts S 87 and chhek wplyes 8&adsipt wppebel ow
the seal base for preventing any well fluid that | eaks past the seal base

from f | ewinitgr aWikelubricant & noksllyalessdedse thas thageell fluid,vehickpefen doatlirdtaiigh t ube.
5. The seal section according to claim1, further conprising: an upper

adapt er éi*@éiiﬂég%%ftsglt IhtetPRE tIRNGnedd lhﬂ@cah?ﬂﬁﬁﬂ}ﬁr ERimbe? %ﬂ%ﬁ]'t?;?}célgf §GitatP P,
the upper adapter having a shaft passage through which the Shaft” extends; a

bl adder , &&rﬁ'tﬂ@%glﬁ&és!‘%}%’@%ﬂd t&#ﬁ@%!mg’ﬂ \%eré H%vo‘& c?ﬁ'ebﬁll%;ge'&% ut uHQE’eetEFy b éJ ati on

tube foftseali an up nd of
t he uppﬁ{) 33I ation tube; and wherein the bI adder retai ner stabs sealingly
into a @ nd of the shaft passage in the upper adapter. 6. A seal

section for a subnersible well pu asserrbIK conpri si nc(I:]:.
Over time, some leakage of well fluid past mechanical seal 92 and oil seal 99 may occur.

If so, this well fluid will gravitate downward past bushing 83 and into the annular clearance
surrounding upper isolation tube 63. Some of the well fluid will flow out port 72 into bladder
65. Some of the well fluid will flow down labyrinth tube 73 into lower chamber 59. Any well
fluid that enters bladder 65 will collect at the lower end and would not be able to reenter port 72
located near the upper end of bladder 65. Also, any well fluid that may collect in lower chamber
59 would not be able to flow upward into ports 72 or 75.

The invention has significant advantages. The single cylindrical sleeve of the housing
reduces cost over multiple sleeve housings. Because the lower and central radial bearing
supports slide into the housing, the seal section can have more volume for oil expansion than a
prior art seal section having the same overall length. The labyrinth tube allows bleeding of
trapped air and provides an additional barrier for well fluid in the event of leakage. The oil seal
serves as backup seal to reduce entry of well fluid into contact with the lubricant. Filling and
servicing are more easily performed.

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 various changes without

departing from the scope of the invention.
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upper and | ower adapters for connection to a punp and to a notor,
respectively of a subnersible well punp assenbly; a single continuous

sl eeve extending fromthe |lower to the upper adapter; a rotatable shaft
extendi ng through the upper and | ower adapters and the sleeve for
transmtting rotational notion fromthe nmotor to the punp; a thrust bearing
assenbly fdaimsed in the sl eeve above the | ower adapter for adsorbing

downt hrust on tlhe S aJeLl; se?t?}der%éﬁé s&bmrgtle%ﬂgu%%y%,ﬁcor gll iéllllépt atably

supports the shaft above ust earin beari ng
support havi ngashoseiap fbhadnreeddrsbétaeanaipungr aii amedter obh sublersilleanel, t he

| ower radial bearing support having a maxi num outer dianeter |ess than the
i nner di aPEM@PSEMYYe sl eeve so that the entire |ower radial bearing support

fits within theoshfey Shafl x@ndifD thBloH Al REAEAHRGIBHPROGToda Fhotldt at ably
supports the shaft above the | ower radial bearing support, the central

radi al bedromigesngspdetheummg a seal that seals to the inner dianeter of

t he sl eeve, defini.ng u r and | o h rs in_the sl gev t he, central
r adi al bearinga§ﬁgﬁngHﬁ§$?W@;%WH%Xpﬁﬁﬁ%ﬁ%ﬁ%PmﬁpgﬁﬂF€$a€8@§wpﬁgﬁeﬁW? i nner
di amet er abpertai@ |GV @ ¥EMBEs i@t hbldhgent i re central radial bearing support
fits within the sleeve;, a well flui assageway | eading froman exterior

portion of theasvelb{luid pasgageway pradingc rextesion Pappar ofathel howsies tq 881 at i on

t ubes extqﬁg&qga@hgund the shaft within the upper and | ower chanbers,

respectively, each 6f the isolation tubes having an inner diameter |arger
upper and lower isolation tubes extending around the shaft within the upper and

lower chambers, respectively, each of the isolation tubes having an inner diameter larger
than the shaft, defining an annular passage for fluid communication with lubricant
contained in the motor;

a bladder surrounding the upper isolation tube in the upper chamber for separating
lubricant within the bladder from well fluid in the upper chamber on the exterior of the
bladder; and

a labyrinth tube within the bladder and having an upper end in fluid
communication with a labyrinth port leading through the upper isolation tube near its
upper end to the annular passage, the labyrinth tube having a lower end in fluid

communication with the lower chamber.

2. The seal section according to claim 1, further comprising:
upper and lower adapters for connection to the pump and to the motor, respectively;
a thrust bearing assembly mounted in the housing below the lower chamber above the
lower adapter; and
the housing comprises a single cylindrical sleeve extending from the lower adapter to the

upper adapter.

3. The seal section according to claim 1, further comprising:
a bladder communication port in a sidewall of the upper isolation tube within the bladder

for communicating lubricant in the annular passage with the interior of the bladder.
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than the shaft, defining an annul ar passage for fluid conmunication with

| ubricant contained in the notor, the upper isolation tube being connected
between the central radial bearing support and the upper adapter, the | ower
i sol ati on tube being connected between the central radial bearing support
and the |l ower radial bearing support. 7. The seal section according to claim
6, further conpri siiibe seal fHcaddarcotdicgtoadhimi It, fiirthet bempngrer: chanber, the

bl adder havi ng an upper end connected to the upper.adapter and a | ower end
connect ed 1o ¢ VBB S SRUER Bes st Sud 55 41 Bousing Y CaBYFETOR 1 HGbe

havi ng an pupPpethe @pser @AANQA a0 gtaGhaft B&shgel throub® wHRBGRe iHa@leten@y) tube within
the bl adder and a | ower end comruni cating with the | ower chanber through a

communi cati on paga date stationprely seavnted|in thecnafi prssegei aighesunppordapteg. The seal
section accor d'ﬁ”%){ﬁlg-b?a{sgd %tgn%y % ﬁtrggrﬁbe?oéyéﬁéc?éd”% 1R $6& o dsﬁne Shfbdpnarily
a g er; -

nounted in a s assage o e upper adap a spring-biased rot’ary seal
menber contidiag esgadgometevishié keahbskel imd ot ati onal , sliding engagenment wth

the seal base; and an oil seal nounted between the shaft and the upper

adapt er wi t hi nafRé ssManeuntyhyew Baghebrulihe nergairPlaseovdhe bt i ng any
vel | fluidyt ﬁ@{/en!tiﬁglﬁﬁy RABIL 14 $hat §&ks %Qh%géa‘f)%gel @%%V\qﬁ) Y@RhariNhd the

annul ar passage in"the upper isolation tu 9. The seal section

accor di ng theannhiar pasagevih gresippert iselatiewsbe.r adi al bearing support, central
radi al bearing support and upper and | ower isolation tubes are insertable
as a unit into the sleeve.

5. The seal section according to claim 1, further comprising:

an upper adapter secured to an upper end of the housing for connection to the
pump, the upper adapter having a shaft passage through which the shaft extends;

a bladder retainer between an upper end of the bladder and the upper isolation
‘tube for sealingly securing the upper end of the bladder to an upper end of the upper
isolation tube; and wherein

the bladder retainer stabs sealingly into a lower end of the shaft passage in the

upper adapter.

6. A seal section for a submersible well pump assembly, comprising:

upper and lower adapters for connection to a pump and to a motor, respectively of
a submersible well pump assembly;

a single continuous sleeve extending from the lower to the upper adapter;

a rotatable shaft extending through the upper and lower adapters and the sleeve
for transmitting rotational motion from the motor to the pump;

a thrust bearing assembly mounted in the sleeve above the lower adapter for
adsorbing downthrust on the shatft;

a lower radial bearing support that rotatably supports the shaft above the thrust
bearing, the lower radial bearing support having a seal that seals to an inner diameter of
the sleeve, the lower radial bearing support having a maximum outer diameter less than
the inner diameter of the sleeve so that the entire lower radial bearing support fits within

the sleeve;
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10. A seal section for a subnersible well punp assenbly, conprising: a
housi ng for connection between a punp and a notor of a subnersible well
punp assenbly; a rotatable shaft extending through housing for transmtting
rotational notion fromthe notor to the punp; a central radial bearing
support within the housing that rotatably supports the shaft and which
defines upper arsdntralwedialchearihe sepport thiteotatabhi suppouip gershatidbpewbe lowal at i on

t ubes ext i around the shaft, within the upper and r ¢ rs,
respecti vgi[’@%lr%g%ﬁlﬁ (g)lfp%to Héﬁ‘lescgﬁtarl%li rg%lgc]%%élgg ﬁ‘éﬁ’f?oﬁtgﬁ%’ﬁn% %ﬁéeaﬁvt%tasﬁ%n?go? Car ger
than the dhattian@ded oftheglaane,akfibinguppastagevdr @harhibets th the RIYeVY, tiatdeatialwi t h

| ubri cant ontained in the notor; a bladder surrounding the upper isolation
tube in tﬁ%ﬁﬂ&ﬁ%n&m@ﬁaw&g@lra@a@ﬁmc%ﬁm%%{%q lg$s thap H‘ei iAnef d3neRtStenl| of the

upper 1 SOl §igRe byt Welchtifd dfifal rhlia48tng Abp&e ITUMIAR e Mec b | cant. | n the

annul ar passage with the interior o e er; and a labyrinth tube

within the bl adoell fand pisasgemgy deadingdem emelkteniorfplortich ofc¢lonsieavie cathieappasi t h a
| abyrinth orlt) in the sidewal |l of the upper isolation tube, the [abyrinth
t ube havi r‘fﬁa'a 9o end in fluid comunication with the | oner chanmber. 11.

The seal secti Q?g&%@rl@\ivélgisélgti&l b8 éa@end‘l\%%r@ﬁr{ﬂ R AR WAINND e QIFRE! #@S @
singl e sl eeve. . The seal section according to claim 10, wherein the

central rdewer chhabersrgspestippnreact ef the celasian éutes heyipg wh titkrien diamstes dargérng and
has a Se‘r’“tha%nthiet &aﬁytd%fingigaa{rrle Elr?r{ule;[rh&;[ssage for fluid communication with lubricant
contained in the motor, the upper isolation tube being connected between the central
radial bearing support and the upper adapter, the lower isolation tube being connected

between the central radial bearing support and the lower radial bearing support.

7. The seal section according to claim 6, further comprising:

a bladder located within the upper chamber, the bladder having an upper end
connected to the upper adapter and a lower end connected to the central radial bearing
support; and

a labyrinth tube having an upper end connected to a port in the upper isolation
tube within the bladder and a lower end communicating with the lower chamber through

a communication passage in the central radial bearing support.

8. The seal section according to claim 6, further comprising:

a seal base stationarily mounted in a shaft passage of the upper adapter;

a spring-biased rotary seal member connected to the shaft and in rotational,
sliding engagement with the seal base; and

an oil seal mounted between the shaft and the upper adapter within the shaft
passage and below the seal base for preventing any well fluid that leaks past the seal base

from flowing downward into the annular passage in the upper isolation tube.
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seal ingly engages an inner dianeter of the housing. 13. The seal section
according to claim 10, wherein the central radial bearing support has a

| abyrinth tube passage extendi ng between the upper and | ower chanbers, 15
and the lower end of the |abyrinth tube extends sealingly into an upper end
of the |labyrinth tube passage. 14. The seal section according to claim10,
further conpri 8i ng: The Iseaksectroadicadrdingatoi tgims Gppbereinvihe Howert tadiahbemingg, t he

| ower radial bearing support and the central,radial .bearing suppo each
navi ng . Sttt BB pRtRPing ARRrd A% TERLARH VAL Plaal e e HRERb o1 e s on
t ube havi ngalhaivaito 8redlagpper ends that sealingly engage the shaft passages
in the | ower radial bearing support and the central radial bearing support;
and wherein the | ower and central radial bearing supports, the | ower and
upper isol ati on0t ub@sseal seaibrt foea bltakadsibledadli puenprassendtalg s@mpriginghat i s
insertable as a unit into the.hogsi ng. 15. The seal se¢tion according to
clai m 10, furt ROUSHEIPT SPHIGCLAN deHYEET 2y &d £ HBRLOS 8 Ar¥8MEB % Wibper end
of the ho%@glsgeg{bbg;onnecti ng the housing to the punp, the upper adapter
havi ng a shaft passage through which the shaft extends; a bl adder retainer
seal i ngly secuni mtptaue sipgdeextendingfthrohgh bbesikge fort tranamittipg eotagowhl mdtionhe upper
i sol ation ft quﬁ;ﬁ a(gd \Mg}(]-:-r ein the bl adder retainer stabs sealingly into a

| ower end BY" IREOLHP I HAERIge in the

a central radial bearing support within the housing that rotatably supports the shaft
and which defines upper and lower chambers in the housing;

upper and lower isolation tubes extending around the shaft within the upper and
lower chambers, respectively, each of the isolation tubes having an inner diameter larger
than the shaft, defining an annular passage for fluid communication with lubricant
contained in the motor;

a bladder surrounding the upper isolation tube in the upper chamber;

a bladder communication port in a sidewall of the upper isolation tube within the
bladder for communicating lubricant in the annular passage with the interior of the
bladder; and

a labyrinth tube within the bladder and having an upper end in fluid
communication with a labyrinth port in the sidewall of the upper isolation tube, the

labyrinth tube having a lower end in fluid communication with the lower chamber.

11.  The seal section according to claim 10, wherein the housing comprises a
single sleeve.
12.  The seal section according to claim 10, wherein the central radial bearing

support is located entirely within the housing and has a seal on its outer diameter that

sealingly engages an inner diameter of the housing.

13.  The seal section according to claim 10, wherein the central radial bearing

support has a labyrinth tube passage extending between the upper and lower chambers,
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upper adapter. 16. The seal section according to claim 10, further
conprising: an upper adapter that secures to an upper end of the housing for
connecting the housing to the punp, the upper adapter having a shaft
passage through which the shaft extends; a seal base stationarily nounted
in the shaft passage of the upper adapter; a spring-biased rotary seal
menber conrnéchedbwa dndeofsthaf tabwmdh itnbe extatdsosealingly Shiodamgppeargageofetie wi t h

t he seal tfat)rs¥e'tatnd an oil seal nounted between the shaft and the upper

adapt er witRPATHY RATASE- passage and bel ow the seal base for preventing any
wel | fluid that |eaks past the seal base fromflow ng downward into the
annul ar passagq,In tfﬂgselé??e%{ioh esléjclozric}irllgo{g ctlaHl%el'O, Eh?ther comprising:

a lower radial bearing support within the housing, the lower radial bearing support
and the central radial bearing support each having a shaft passage through which the shaft
extends;

the lower isolation tube having lower and upper ends that sealingly engage the
shaft passages in the lower radial bearing support and the central radial bearing support;
and wherein

the lower and central radial bearing supports, the lower and upper isolation tubes,

and the bladder define a subassembly that is insertable as a unit into the housing.

15.  The seal section according to claim 10, further comprising:

an upper adapter that secures to an upper end of the housing for connecting the
housing to the pump, the upper adapter having a shaft passage through which the shaft
extends;

a bladder retainer sealingly securing an upper end of the bladder to an upper end
of the upper isolation tube; and wherein

the bladder retainer stabs sealingly into a lower end of the shaft passage in the

upper adapter.

16.  The seal section according to claim 10, further comprising:

an upper adapter that secures to an upper end of the housing for connecting the
housing to the pump, the upper adapter having a shaft passage through which the shaft
extends;

a seal base stationarily mounted in the shaft passage of the upper adapter;

a spring-biased rotary seal member connected to the shaft and in rotational,
sliding engagement with the seal base; and

an oil seal mounted between the shaft and the upper adapter within the shaft
passage and below the seal base for preventing any well fluid that leaks past the seal base

from flowing downward into the annular passage in the upper isolation tube.
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