SUBNERSIBLE WVEL L PUNP AND WELL COWPLETI ON SYSTEM Thi s inve r to
subnersible well punps 5 - and particularly to increasi n?g?(gﬁﬁ%
service life of the punp notor and rel ated equi pment..:Submersi bl e punps
have, pbeen installed at presel ected downhol e | ocations in well bores by
varioGs-el | conpletion systens and technigues. Sone exanples 10
include: attaching the punp to the production tubing string as shown in

U S. Patents 4,502,536 and 4, 58%uBMRRSHSREWRITY fuMe punp fromits power
cabl e as shown in U S: Patents 4,178,127 and 4,363,359; 15

supportlng the punp on a well packer or <AND | ar downhol e resting pl ace as
shown in U:S. Patent 4,625,798; or releasably anchoring the punp in a
downhol e | andi ng ni ppl e as showdELH COBPLBZIONt SYSTEM, 341; 20

The present invention.resulted from design, manufacture, and testing of
-equi prent shown in U S. Patent 4,749,341. The preferred power cable for use
wth the present invention is shomn in U S Patent 4,740,658. Qther power

Cﬂ.b| es coul'd be nodifi eh¥HrinreniFam Ifer?e“;ﬁses%ts%“ersn?]rﬁ/éﬁlrlor?% as
t h Patent, 4, 716, 260..
06 A I el o e T R e o

the pump motor and related equipment.

Submersible.pumps have been installed at
praselec#ed dowhholé locations in well bores bf various
wellfCompletion.sysﬁems and technigues. Some examples

10 include: . | |
| . attaching the pump to tﬁe pfoduction tubing'
_string as shbwn in U.S. Patents_4;502,536 and 4;589,482;
_ .suspending the pump from its power cable as shéwn '
'in U.S. Patents 4,128,127 and 4,363,359; |
15 o supportlng the pump on a well packer or similar
| downhole restlng place as shown in U.S. Patent 4,625,798;
or _ N
releasably anchoring the pump in a doﬁnhole
landing nipple as shown in U.S. Patent 4,749, 341;
_20 The_present invention resulted from design,
manufacture, and testing of equipmaﬁt shown in U.S. Patent
- 4,749,341. The preferred power cable for uselwith'the
present invention is shdhn’in U.S. Patent 4,740,658. Other.
poWef cables:could be modified for use with the present 
25 invention such as the cable shown in U.S. Patent 4,716,260.
| The p:ecediag éatents are iﬁcorporated by

reference for all purposes within this'application.



-2 The present invention discloses a vel | conpl etion-with a subner5|ble punp -

and power cable. In addition to energy, e:g. electrical or pressure
~energy, to operate the punp, the power cable also supplies fluid to
| ubricate 5 ~ and/or protect the punp notor’and rel at ed downhol e -

~conponents frompotentially harnful wel? ftuids. The punp, its prime \_»
nover, and rel ated conponents have a flow path to receive fluids such a&.
lubricating oil, corfReiBFeFaRtpivventiendiscipass aivell earphetien - - °

rface. The 10 cabl e may_be ed to.inst d renove the
;zd relatéﬂrgbdﬁoﬁ%ng ?+%%?aP%%Pe%%%dpﬁ%%ﬁh%?%léoia ?oﬁgaéF?ﬂﬁdg?n par?ugg .

“a | andi t bl thod = ¥
_anaé‘y;{‘%ré‘é gxele 1y8é%%£oﬂﬂcére” %%’%ﬁ%?%f’%ﬁ%'rage t8 BhONLES fnfb "o T
bI sb t b -
Fgﬁg{nganl ‘in aW%&%%ﬁd%€%ﬁél I ng §?¥f fﬁﬁegggagﬁgbfgfgeéxte%dg 2 |
upweg dl y - aéwdiér f@é‘tr@ﬂebﬁuﬂ)&ﬁ&%fnaﬁ&nﬁé%éé’oa&ﬁﬁ@léuﬁp to prevent

~ danage to the cable Preferably, there is provided a

1 ocking wr&bﬂx;@or@éﬁesmfyoxambﬁbﬁem:gﬁ henful tWe Bl colbeds . WiTRE pahpasabl y
~engages a groove.-or grooves in a landing nipple. The collet is nore . :
~difficult its[pwimenmowérxh@n@rxematemamompomeBEsthameoatﬁkoﬁapdthgtolpple .
'so that the.cable may be 25 pllaced in tension if desired to protect the
‘cabl e frormeRe#e W uddetsuch casi ebrieating ofl noeereoateenbl y. The

I nventi-on may al so provide a Iocklng nodul e assenbly:for supportlng a punp
“in which t#ﬂh#?kﬁ?%g PRERe of 1 ulds etc. from the well ‘'surface.

-10- power cable may be used to 1nstall and remove the pump and _Q_)-
- related components from a selected downhole location
defined in_peft by_a.landipg nipp;ea
By use of the invention is'poesible to provide a
method and systemifor releasably.anchofing a submersible

'15 : pump with its power cable at_a.downhole location in a well
bore defined in part by a lending'nipple in a production
tubing string. The powe: cable extends upwardly aod if
'deeired may be piaced in tension above the pump to prevent

| damage to the cable.

20 . | Preferably, there is_proyided a locking module
assembly and discherge head witﬁ a collet,_which feleasably
engages a groove Or grooves in a landing nipple. The
collet is more diffiqult to oull_out of thelgroove.than to
insert into the laoding-nipple, so that the cable may be

25 placed in teneion if desired to protect the cable from

- damage without releesing the locking modﬁle'assembiy;

‘The invention may also provide a locking module

assembly for supporting a pump in which the locking module



3 assenbly is rel easably | atched against relative rotation and a cable
anchor assenbly which ‘connects the power cable to an electric notor in a
manner to prevent relative rotation between the cable and notor. The cabl e
anchqe~5 assenbly prevents danage to power and fluid conductors which
are pesitioned exterior to and extend_frog1the power cable to the notor. By
pyoviding fluid conductors and a fluid fl path to direct fluid fromthe

e oy aCcaykanh e POVECI MsaryCRALENLE LORIALIPCEPLOE @TCoLELELS]

downhol e conponents ronlt surrace na

the downhol eaggUihPERBie aﬁeasrwsggeﬁbyydﬁhieﬂ Bﬂﬁe{i'@%“f?ﬁe saafpasﬂie

and/ or - i nject corrosion inhibitor to protect e down equi pnent

and producti &8 aubemeceﬂcnﬁotbﬁrrmoaen&naéi—ytbapfrévénwefélé{:yvés
Addi tional features and advantages of the invention will be readily.

apparent to rbbtatishi bétween the aabléramireationg tThefoabdai agcHescri ption
I n conjunction 20 wi th the acconpanying drawi ngs and the clains. . 1In
the draw ngsassenglylpreventghdamege voeppwerrand| fiuld conductdrsal
section and partially in elevation, showing a well conpletion with a

subner si bl e %ﬁhﬁhaﬂﬂerﬁPE%EH°2§d extepipfote andi pwtend; fEoRpthaiPRYethe .
pr esent |nvent 2A t hrough 2F are- contlnuatlon drawi ngs, partially

in el evation® %gepﬁ?tgg?I9°FﬂrrongltudlnaI

By providing fluid conductors and a fluid flow
path to direct fluid from the well surface via the power
10 - cable to the pump motor and related downhole components;
fluid from the well_surfaoe may be used to: -
1ubricate-the downhole equipment;
purge well fluids from'the downhole'equipment;
and/or injeot'corrosion inhibitor to protect the downhole
15 equipment and production tubing string from potentially
harmful well fluids. | |
Additional features and advantages of the
invention will be readily apparent to those skilled in the
LV)' _ .art from reading the foilowing desoription in conjunction
. 20 - with the accompanying drawings and the olaims;' in the
- ‘drawings: -
Fig. 1 is a schematic view, partially in
1ongitudinal section and partially in elevation showing a
well completion with a submerSible_pump and related
- 25 ° downhole equipment incorpbrating the present'invention.
| | Figs. 2A through 2F are continuation drawings,
partially in elevation and partially in iongitudinal-

section_with portions broken away, illustrating a power



section with portions broken away; illustrating a power 4 cable, cable
anchor assenbly, electrical connections, electric notor, |'ocking.nodule
assenbly, punp discharge head and punp with the fluid flom/path(s) of the

present invention. 5 Figs. 3A and 3B are enlarged -
conti nuation draw ngs, ‘partially in elevation and .partially in Iongltu I
section with portions broken away, illuStrating the cable anchor assenbly

and el ectrical conneitor gﬁans re_deta

Filg. 4 s SARlSw SEOER AB %nﬁaﬁe@bg?roﬁ&fw%?salapenaepﬁéonﬁnes 4-4 of
5.8 ot i3 PepPris Rofbfy! MckinlohbARIE L oBERRI#12 bubBl R NES 12 ".r’es_ E
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respect to elettric Subnersible punps. Howeve t he "princi pa at ur es of
“‘the inventigpedtidhi cati on of noving conponents, protection of downhol e

_ conmponents from 20 potentlally har nf ul wel | . f|UIdS ease of assenbly
and g nstal | at.i on) conigsbe3usaddeBhaﬁéhehldﬁg§h0bentuhﬂak&bhle punps.
Exanpl es of such punps include hydraulically powered turbine punps, -
hydraul|cadrqungsrenarEtaplgcanlegepanpsp and: peridnildgl in powered punps
25 Fig._ 1 shows a portion of a well conpletion mhlch :

1ongitud1nal section with portions broken away,
illustrating the cable anchor assembly and electrlcal

connector means of Flg ZA in more detall.

- 10 | © Fig. 4 is a draw1ng in horizontal. sectional taken
| along the lines 4 4 of Fig. 3A.
Fig. 5 is a'diawing'in horizdnfél'éectional'taken
' alOng the lines 5A510f'Fig; 3A. | |
'Fig. 6 is a drawing in horizontal éectional.takén
15  along the lines 6-6 of Fig. 3A.
| The invention will be,descfibed with respéct to
electric submersible-pumps;' However, the.principal |
~ features of ‘the invention (lubriéation of mbviﬁg :
components{'protection.of downhole components from - o \;

20 poténtially'hafmful well fluids, ease of aséembly-ahd-

| installatidn) could be used with.other downhole submersible
pumps. Examples of éuch pumps.include;hYdraulically
powered furbine-pdmps .hydraulically poweréd reciprocating
pumps, and’ mechanlcally powered pumps.. |

25 o : Fig. 1 shows a portion of. a well completlon which
'includes productlon tubing string 20 and landing nlpple 21
as an integral part thereof.- Production tubing string 20'

~will typically be concentrically disposed within a casing



i ncl udes production tubing string 20 and | anding nipple 21 as an integral
part thereof. Production tubing string 20 will typically be concentrically’
di sposed within a casing 5 string (not shown). A typical casing string
essential |y defines the well bore and extends froma wel |l head and Chri stnas
tree qut shown) at the well surface to an underground hydrocarbon
producing formation (not shomn) 5 PePforations (not shown) extend
through t he caSIng to allow fluid conmuni cati on between the interior of the
r

cas:jng and tREFHEr bRAFOBROBRAducPnEYPIFRLt FBF1RE ﬁEEﬁPgt REFEREiaAly

t k [ II h
e hnoveleHaREs Fhe (PRL1oB3YR) ohd LXBLARL) $roR°bipetinbRal ARaCo> N9
‘hydrocar bon eﬁ?ﬂgemg fc%gﬂkge %ﬂosvgﬁ; el Jc é%&ﬂes&@a@ ogychLion tubing

string 20. Surface contro surface sa ety val ves, additional well

packers, anduﬁééﬁgréhﬁw EQat+b68hro8H| ﬁ@éaﬁaynaefbﬂﬁhuﬂeﬁl @ﬁo@nshatvﬁgral part
of -t ubi ng-string Exanpl es of suc wel | conpletions wwth a w de

vari ety of aperkebheidnsnnbe sHowANeEkteéna shewaghnther eagdehgi toi 81Wobk.
Patents 4,625,798 and 4, 749, 341. Landing nipple 21 partially defines the
downhol e Iocﬁlumd éommuaheasabhybenweenlhgesmbterioblefpuhp ¢@sand 30d _
rel ated conponents within the well bore. Subnersible punp 70 and its prine
nover (electthe hﬁdﬁpcsvpoarErgdggénaeﬂorm§ﬁ199me¢jé§9n§ sbewrptai-n Bubing

'string 20. Power, cable 30_is preferably a nulticonductor _nultiwre_rqpe
cabl e production well packer (not shown) is typically installed

: 'in the casing strlng above the perforations to direct well
KJ&O -+~ fluid flow from the hydrocarbon producing formation to the
well surface via production tubing string 20. Surface
controlled subsurface safefy-valves, additional well
packers, and.other‘flow control devices may-bé included as
an integral part of tubing étring 20. Exampies of such
~ 15 - well completions with a wide variety of available downhole
equipment aré shown in more detail in U.S. Patents
4,625,798 énd 4,749,341, | _
‘Landing nipple 21 partially defines the downhoie
\ location for releasably anchoring submersible pump 70 and -
| 20 related domponents within the well bore. Submersible pumb
:_70 and its prime-movér (electric motor 50) are suspended
from power cable 30 within tubing string 20. Power cable
30 is preferably a multiéonductor multiwire rope cable
which can supply both electrical powef and fluid from the
25 well surface to submersibie pump 70 and electric motor 50.
Poher cable 30 can also be used to insert and retrieve

. submersible pump 70, electric motor 50, and related

components from the selected downhole location.



whi ch can supply both electrical power and fluid fromthe 25 wel |
surface to subnersible punp 70 and el ectri.c notor 50. Power cable 30 can _
al so be used to insert and retrieve subnersible punp 70, electric notor 50,
and rel ated conponents fromthe sel ected downhot e | ocati on. 6 Threads._71
are provided on the extreme |ower end of punp 70 to attach additional \,m _
downhol e tools thereto. Exanples of. sucﬁ tool s incl ude subsurface safetVﬂ~

val ves, seal units, nd | Ie% s 25 are shown |n t ubi ng 5 ot
20 beIOM/Iandlng ni p S{ot E%mﬂﬁ%glgﬁ Rt the BxELEPRL ?Yeﬁn?ﬁéut :
h t t h d

o) it o ?éé%ﬁfﬁeﬁg %Zﬁn%&@*%f% e AL NN
assenbl 4 dul e
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electric notor 50, and rel ated conponents. to power cable 30. Locking nndule'

assesbl y G0 mseldie I®h@Ehs@bhipehga@rdta aD1ldw gas tanegkig pronl €uBing

Locki ng nodul e assenbly 60 al so provides discharge head 61 with a plurallty

of di schar2je mn@ﬁmamm rect £ww | thiough dperpa’@ed -from punp 70 to the

. well surface via tubing 20. Each of. t hese conponents will be discussed in
nmore detail. 20 - Major ComPQEﬁtha@ﬁ#@#iQ@%@n%iyh4@ndsr§h§Vﬁd|ﬁOFlgs 1

2A and 3A. _Power cable 30 preferably includes-tw wre_ ropes
. _ EIGCtrlC motor 50 and submeérsible pump 70 include. cable _

' anchor'assembly.40,:electrical connectpr means 45, and
.iO  1oéking module_assembly 60. Cable anchor assembly 40 ahd
electricél cOnneétor méaﬁs 45 are provided_tb'mechanically"
ana eledtrically connect sdbmersible pump-70,velectfic_
mbtor 50, and-related components to power cablé'30.
Locklng module assembly 60 can be releasably engaged with
15 “landing nlpple 21. Locklng module assembly 60 also
provides discharge head 61 w1th a8 plurality of dlsqharge'
pbrts 62 to direct well f£luid discharged from pump 70 to
the well surfaée via tubing 20. Each of these componénts
w1ll be dlscussed in more detail. S - ;' : \;)
20 K Cable anchor assembly 40 is shown in Flgs. 1, 2A
| and 3A. Power qable 30.preferably includes two wire ropes
31 and 32 which can be securely engaged with éable anchor
assembly 40 as taught by U.S. Patent 4,749,341,  Drum
sockets (not shown) dr helical splice rpd terminationé as
_{25 ‘shown in Fig. 2A are well Known means for securing wire
'ropeé 31 and 32 within ¢able anchor assembly 40. |
Cable anchor assembly 40 has two major , “_;

subassemblles tubular hou51ng 41 and solld mandrel 42.



33 and 32 which can be securely engaged wi th cable anchor assenbly 40 as

taught by U S.. Patent 4,749,341. Drum sockets (not shown) or

hel i cal splice

rod term nations as 25 shown in Fig. 2A are well- known neans for
securipg wire ropes 31 and 32 within cable anchor assenbly 40. Cabl e anchor
assenbtyy:-40 has two naj or subassenblies typular housing 41 and solid

mgndrel 42. 7 Tubular housing 41 is a denerally holl ow, cylindrical
sl eeve sized erag nal d. of cabl e .30.. Sol.i d mandre
42 is secur eng}ﬁl l'téehiel elnd%olge’?&tﬁq%yo%o\%slloﬁ'g SIS from

pawer cabl e %qee\(ﬁer 's%%dﬁ o ffﬁ'% ftﬁéﬂtgég@qlsa“ actogﬁlﬁé}déa%% ng

r|ngs or set screws (not S OMM my e use

y engage

housi ng 41 widdh madiriel wehadEeler aly weddi@ jfz)&wiéd)&%ﬂﬁ RHRInEHY e 30

wi t hin housing 41 and housing 41 to nandrel are keyed to

rel ative rot aibul drethmasiigele cfposited tfgn pawetowabieN@a.
I s machi ned .t hrough the exterior of tubular housing 41 inter

prevent

udiveadicusdt ) 43
nmedi ate t he

ends t Ber eof .tyReserof aiiirea3ied refreremitiprisn @ndd d adiisg elisgs icxalsedonduct or s
88, 89 and 90 plus fluid |line 100 15 whi'ch extend through wi ndow 43 to
conponent s t ifamsws dwotrishiqyn ) maylde usesd itel aatisifpoyenilydienanas
conduit simlar to control fluid |lines associated with surface controlled

subsur f ace sm%l%yltﬁ dandred| 4onndredernabdys he r?ﬂ‘ﬁl?é‘stlﬁél%&ﬁ

power cable 30 within housing 41 and hou51ng 41

- 10 'items

to mandrel

T 42 are keyed to prevent relative rotation between these

Window (longitudinal'slot) 43 is machined through

the exterior of tubular hohsing 41'intermediate

the ends

thereof Power cable 30 preferably 1nclude three

electrical conductors 88, 89 and 90 plus fluid line 100

15 "which extend through window 43 to components therebelow.

Fluid line 100 is a relatlvely small dlameter condult

similar to. control fluid lines associated with surface

controlled subsurface safety valves.

_K«z _ Electrical connector means 45 includes general

20 . cylindrical, hollow sleeve 46 which is mechanically

attached to solid mandrel 42 by locking rings 37 and 38 and -

by set ecrews 39. A similar mechanical connection can be

used to attach tubuler-housing 41 to solid mandrel 42.

Figs. 3A and 3B show details concerning the internal design

25 of electrical'connector means 45 and will be discussed

later in more detail
Electrical energy from power cable 30

via conductors 88, 89 and 90 through electrical

is supplied

connector



20 cylindrical, hoIIOM/sIeeve 46 which is nmechani cal'ly attached to
solid mandrel 42 by | ocking rings 37 and 38 and by set screws 39. A _
sim | ar nmechani cal connection can be used to attach tubul ar housing 41 to
solid--mandrel 42. Figs. 3A and 3B show details concerning the internal .
~design 25 of electricdl connector nBans 45 and will be discussed |®iger
in nore detail. Electrical energy frompower cable 30 i's supplied via .
conductouﬂ@ﬁP3895ah@ ‘ObeehFHER @PE@Fr Qal BomAturerand statewms 45 to St

el ectrical | g& 50, . Ar rraéﬁlre and si r wi ndings 51 and 52 respectively
rotate shéﬁin g% PLsPBAse2: FepRecELve YlEﬁFaEﬁe?B?fguﬁﬁlFBdrB§P9§ﬁer

S0 € T8 ifhifle STRPBF A ANy BT BE bhiSE LABYET BN BaRS 007
Shaft 53 12 6hd! 36| dnsQnacEybioh QyEBL7OoLY iﬁ&&&@ioﬁpthﬂég §§QQ§“ Lons

54. .Shaft 53 I's supporte rust earlngs such as s

Fi 9.5 2B anger@@intho D8 ahbB8r 28s88048 BheSPrime Fhver 28or E@ﬁti‘!?ﬁ&él 10
type, and | ocation of bearings can be varied-dependi ng upon the ~

r equi r emengsmef 700WNA ££ 198 0Ls 50 BaYabUPNBEANELLeaUED Blmp Rodbg! bear | ng
56 also includes a fluid seal or barrier to .prevent undesired fluid flow

al ong the severabrspiinedfcoﬁﬂectfbnsdsiLnesnaﬁt BB iapsupportédabitr e of
the 15 present ‘invention, allows various fluids to be injected fromthe
wel | surfd@@thwhhpw&brb%eni@gsostchpaSt%b@wbeatlﬁ@siESFégd 85 and ot her

critical onents in notor
ial bearing as shown at 56 in Figs. 2D. _The number,

-IQ type, and location of bearings can be varied.depending upon_'-\;i -
' the requ1rements of downhole motor 50 and submersible pump o
70. Radial bearing 56 also includes a fluid seal or
barrier to prevent undesired fluid flow along the exterior
of shaft 53. Fluid line 100, an important feature of the
15 present invention allows various fluids to- be injected _
from the well surface via power cable 30 to protect
‘bearings 55.and 56 and other critical.components'in motor
50. .. |
Locking module assembly 60 performs three
20 critical- functions with respect to the well completion
| system for downhole.submersible pump 70 and its associated
components. These functions are partially'suppOrting the
iweight of pump 70 ‘and associated components,.directing
fluid flow and protecting power cable 30.
25 A plurality of flexible collet fingers 121 are
'provided on the exterior of locking module assembly-ﬁo to
' releasably engage groove or recess 122 on the interior of

landing nipple 21. Engagement of collet fingers 121 with



50. . Locki ng modul ¢ assenbly 60 perforns three 20 critical functions

‘Wi th respect to the well conpletion systemfor downhol e subnersible punp-70 . -

and its associ ated conmponents. These functions are partially supporting

the wei-ght of punp 70 and associ ated conponents, directing fluid flow and
“protebding power cable 30. 25 9 Anplurality of flexible collet
fingers 121 are provided on the exterior of |ocking nodule assenbly 60 to

rel easabl y eggegeeglaavallbwscacselédieanNanbinknber 1pkael Eéﬁgiaa gbPBkLe
21. Engagenent of collet fingers 121 with = 9 groove 122 allows a

sel ected anophacefl opwpodwereaabde 80 wethbategedaasingr 10ekiag3fodutBout
“r'el easi ng | ocki ng modul e assenbly 60 from | andi ng nipple 21. The ampunt of
tension (if asgembiyabPufitomohavfingenipblaecdd.cothecamountnof Sensiomhown)
for power cable 30 and the melght of the downhol e conponents. Fluid seals
119 on the eki&r PBY)ots| BckPRgEABBUPE BBScWBliheadergrBecsiBB! kNBbre 23 of .

| andi n nlpple 21 .t revent und d fluid fl ow around the_exterior of
| ocki n °WBau?8ga§98ﬁﬁ| 9%@ §| and the weightppf khe fRupRBLeS | ui ds

exiting fron1d|scharge ports 62 fromflow ng downwardly towards the inlet
for punp 70 CPPBPE"8&3rs 119 ensure the formation fluids: exiting from

L aanoe, 20Tt 0% T OMUBGLYSIALD, SnPEad Skipubbect S0kl degual
' assembly 60 engage smooth bore 23 of landing nipple 21 to
prevent undesired flﬁid flow around the exterior of locking-
10 " module assembly 60. Fluid seals 119 block formation fluids
exiting from discharge ports 62 from flowing downwardly
toﬁards the iniet for pump 70. Fluid seals 119 ensure the
.formation fluids exiting from discharge ports 62 flow -
upwardly within production tublng 20 to the well surface.
15 No-go shoulder 111 on the interior of landing
| nipple 21 and matching no—go-shoulder 63 on the exterior of
locking modﬁle assembly 60 cooperate to support the weight
of pump 70 and associated components such és motor 50. The
&M/ émount of weight-depends upon the tension (if any) placed
20 - in power cable 30. No-go shoulders 111 and 63 are
~ positioned relative to collet fingers_121 and groove 122 to
allow engagement of collet fingers 121 in groove 122 before
shoulders 111 and 63 contact each ofher. The distribution
of weight supported_by power cable 30 and no-go shoulders
25 111 and 63 depends upon several factors such as depth of |
| .landing nipple 21, fluid pressure exiting discharge'ports
| 62 as compéred to pump inlet presshre, weight of bump 70,

motor 50, and inlet piping (if any) attached to pump 70.



ni ppl e 21 and mat chi ng no- go shoul der 63 on the exterior of Iocking nmodul e
assenbl y 60 cooperate to support the weight of punp 70 and associ at ed
conponents such as notor 50. The anmount of weight depends upon 't he t ensi on
(if any) placed 20 . in power cable 30. No-go shoulders 111 and 63 are
- positioned relative to collet fingers ;a} and groove 122 to allow - - ik
~engagenent of collet fingers 121 in groove 122 before shoul ders 111 -and 63

contact each other. Fhe distanning IBcKriPhiddhu s BAYhRA PP WL 10 © 30

and no-go shoul ders 2 111 and 63 depends ‘upon sever at factoP such as

~depth of |agdiAgtnaAPLpwakd Fowicd PeBWURE selidoted Qmbuhd,JPdits 62 as
conpared to punp inlet pressure, weight of punp 70, notor 5 and inlet

pi ping (ifcabyg 30t mapetlet plpaeyd 1. tensl&antlmhbahb&ﬂgsb&@bdu; nmodul e .

assenbly 60 in place against an upward force bel ow a sel ected amount, power =

cabl e 30 n@hibetphadod wililepgievent: damageeitio cabilec&0 fhbm~m@msihiem1l

prevent damage to cable 30 from possible 5. bending at its attachnent.

wi t hScabl ebanéhbg é§sé#§l?tKGChHGPFowithuﬁébéﬁ anchex AEsenbliyyd@ad bel ow
el ectrical connector neans 45 to_provide fluid rece|V|n chanber 48.

" Sleeve 47 al so prOV|H€§ BHPttHPuﬂﬁ§ FLERYR 44l 18oRRE  b§dCieen

~electrical nchor 10 assenbl.y. 4 el ectri,cal

connect or ﬁggﬁgrﬁgal EPHP&C%PﬁemTBBSf#gnFﬁoR§Pvééﬁl%1§3g1§e&§ﬁﬁgﬁﬁbd to

chamber 48c9xmgg%egged E1bbbR9470 R sc bl qlagge@syeg oE M hethari 't O

a f|UId fl ow pa i ch extend Fou I"éc
connection between. electrlcal motor 50 cable anchor

10 assembly 40 and-electrlcal connector means 45. Fluld line S'd
100 from’ power cable 30 is connected to chamber 48 by |
. threaded flttlng 101. Fluld recelving chamber 48 is part
of a fluid flow pathjwhlch extends_through electrlcal motor
50 and its related components. The fluid flow_path |
15 . receives treating fluid such as:lubricatipg'oil, mineral
0il based lubrieants{ corrosien-ihhibitor or di-electric
£luids from power cable 30 via smaii diameter fluid line p
100. The fluid flow path can be used to purge harmful well
fluids from the_interior.of motor 50 and tO'provide.a-z S w
20 | constant bath to protect critical bearings and fluid seals..
A suitable opening such aS'passageway 57 is provided
SetWeen the various seCtions of electrical motor 50 to
communicate treating fluid'from'chamber'48 therewith.
Passageway 57 extends from receiv1ng chamber 48 into motor
25 50 around the upper end of shaft 53.
_ A plurality of relief valves such as.shown at
80;81 and 82 are threaded into eiectric motor 50 and its

related components to allow'treatinglfluid to exit



50 and its rel ated conponents. The fluid flow path 15 receives
treatlng fluid such ds lubricating oil, mneral oil based |ubricants,
corrosion inhibitor or di-electric f1 ui ds from power cable 30 via small .
dianeter~fluid line 100. The fluid f|OM/P§th can be used to purge harnfu
wel | fduids fromthe interior of notor nd to provide a 20 -  constant

bath 10 pr ot egl ardddical Aeanides Jndd Iy APl BralidlANohpRen g such

as passageway IS pr oVl ween the ‘various sections o ect cal

1Ot 07 50 10 GouTgueaRR Ui Yo oy Wesbalrutd AR 141! iRligh su

Passageway 57 extends fron1rece|V|ng chanber 48 into notor 50 around
t he upper endsofsgshaid 593. Arelferalblyy, deliels salvel Bes woas:sﬁwwtoat

80,81 and 82 are threaded into electric notor 50 and its rel ated conponents
to allow tredliuig fredied vimgexihambert @, efidm hiavec tuhiec hitghes t5>&etrtd nigt S

rel ated conponents are defined in part by separate cylindrical housings
such a$ 58 apges@urer.ef el yeldelf salval,vbedow viedvel 80oswitld fhavied an
recei ving chanber 48, will have the highest 'setting 5 pressure. Each
relief valvelﬂgﬂamﬁnﬁﬂlﬁy'g@weﬁ |setting ®ressyrerenTivsy ﬁ§m§r3§§ﬁpﬂhg
pressure. Thus, as treating fluid is introdyced into_notor the fluid

will exit frdmuiRe ifod@drofuces Ante motere S0y othe thJré'lfdeImé'fl \?&‘I’“\Fesﬁl?& ow

L O T BT S AR TSR S LR G vee, HER

side Of nU|tth %%C% f@@ a%p%%EEEQQEI%% % Q%m%@e undesired fluids

leo from within motor 50. '

o Power cable 30 includes wire ropes 31 and 32 on
either side of multiple electrical conductors 88,89 and 90
'and_fluid linelIOO, The eleetrieal cendnctors, wire ropes
and fluid line are contained within an envelope of |

15 relafively stiff'butiflexible material 91. The cable is

| . available from The Kerite Company, Seymeur, Connecfieut.
Preferably, at least one side of power cable 30 at its
lower end has a palr of flats which may be engaged to'
prevent rotation between cable anchor assembly_40 and power

20 - cable 30. Figure 2A shows power ceble 30 wifh envelope 91
stripped away from its lower end, ieaving bare the
electrical conductors and wire'repes 31 and 32. |

Figs. 2D and 2E illustrate landing nipple 21 with
an upwardly facing no-go shoulder III, egainst which

25 locking module aesembiy 60 rests. Belew no-go shoulder
III, a smooth bore 23 pro&ides a seal area. Below the seal
area, an enlarged wall section provides land 113 (reduced

inside diameter) which terminates at its lower end in



and f

luid Iine 100. The electrical conductors, wre ropes and flu

idline -
‘are contained within an envel ope of 15 ~relatively stiff But flexible
material 91. The cablé is available from The Kerite Conpany, Seynour,

Conneeticut. Preferably, at |east one side of-power cable 30 at its |ower
end kas-a pair of flats which-may be engaged to prevent rotation betwe§Qx
cabl e anchor ‘assenbly 40 and :power 20 ~cable 30. Figure 2A shows pover
cable 30 waébnﬁaf§i9pga81n§tbéﬁé@meawanoﬁnaarlni4lQaereaaagehaﬁ%'

the electrical conductors and wire ropes. 31 and 32. Figs

shoul

.an enl arged nal |

D and

der 111, a snoolbcking @delevaaeemhlyeéo aseproBéied wiehse

gy bare

i |1 ustrat econbdtngingepse121.with an upwardly facing no-go shoulder 111,
agai nst whi ch 25 | ocki ng modul e assenbly 60 rests. Bel ow no- -

.go

t er ni nat esSe@ling systemchndigatedigensrabdyday ié@kngAbﬁiérﬁéthhoﬁlder

al afea : ,
section prOV|des Jand 113 (reduced inside dianeter) which . - =

114 for engagenment by collet fingers 121. Lockjng nodule assenblé 60 is:
prov?ded w® l%tsEanﬁﬁss}gteﬁFFnBFEHF@ﬁdQEHeFQPI?xﬁFriTE of p\LRFBiRGi ty of
5

~their
out si

10

15

20

top &y gg?QPEéS £n8S¢n Eﬁékﬁtt§§ gﬁdlﬁg 86 LR&EE §1§Qteﬂk

de dia |on I'nt ermedi e en of "co I Ngers
.1ntermediate the ends of collet fingers 121. Collet he
123 are 51zed to be received in groove 122 of landing
nipple 21 Collet heads 123 engage land 113 during the

'installation_of submer51b1e pump 70 in production tubin

assenbly teoutureeareids B0 bRbrCreRTn bi 2 1 SOPBEoERBERE BLAL Bobn

%Q%Gd.'.

OO' | et heaflgz 19re foéﬁéaaﬁy ahzefl15Pgb8 ésesmédaiamaeeevsol-%zoaf I'andi ng

ads,.

g

20. After collet heads 123 pass shoulder 114, they snap

~ into the position shown in Fig. 2E and resist upward

movement of looking module assembly 60. The surface angles

on the exterior of collet heads 123 are selected to permit

easy insertion of locking module assembly 60 into landing
nipple 21 and more difficult withdrawal. For instance,

is preferred that less than one thouSand'pounds'of force be .

required to move locking module assembly 60 downhole to
position shown in Figs. 2D and 2E and collapse collet

fingers 121 as they move past land 113.

it

the '

Seal bore 23 has a substantial length and the

25

1ower end of the seals 119 preferably engage bore 23 prior
to collet fingers 121 engaging land’ 113 Thus, if a

problem is encountered_in moving locking module'assembly 60

”downwardly to its latched pOsition,.tubing 20 may be

pressurized and the pressure above locking module assembly

. l-‘_;_

8



ni pple 21. Collet heads 123 engage | and. 113 during the installation of
subnersi bl e punp 70 in production tubing 20. ~After collet heads 123 pass
shoul der 114, they snap into the position shown in Fig. 2E and resi st
upward 15 novenent of ‘| ocki ng nodul e assenbly 60. The surface angl es
on thg_exterior of collet heads 123 are selected to pernmt easy insertion
of locking nodul e assenbl'y 60 into |andi 3@ nipple 21 and nore difficult
it referred that | ess than one thousand

wtt hdrawal . . Eor ngta ce, it is g _

pounds of foPReUfdldged tO LaTFRedt SORBYRTHLEKRARG hBlGhecaiiekbEingers

d hol e t Ry h In_Figs. 2 d, 2E I I | et
fngers 121 k2% R PAadE. DafF"ihngretie-ag PhAs  SUbntant iRl ettne The

I t-h d th d.of .t - 23 [

o5 0 Bo cof Far B £0indls! 1EcRERY nidd1 @) SoSLARLY 8603B5aZA1Y &haPl
encount er ed é&mﬁP&éQgch%&{:nEiHBQPé elﬁﬁ.sem?h%s %ﬂs&e%ﬁ%& Lﬁ?ié%gi-iﬁét ched

position, tubing 20 may be pressurized and the pressure above g

nodul es asseniit yleast3apProkihbtetyt £1iv8r €Rousal@Vpuandsy( 220d0bRY CAngol | et
fingers 121 in place. It is preferred that a substantial force be required
to nove | ockpngfevdole essthbl gréér upfatehythodsandppeandsol 44000Nhger s
121. This upward force should be 5 “at |east approximately five thousand
pounds (22008W)Prpvigingecaabesishante bedepwardinovenentapf pbubeast
(44000N). By providing a.resistance to _upward novenent of at | east

‘appr oxi mat el PPFREIRABRLUNEL PO URRUEIDGORRYNEEL( 22890 calele 30 may be.

placed in substantial tension and avoid prior art problems
iO of cable failure_adjacent to cable anchor assembiy 40.'1
Locking module assembly 60 (Fig. 2D) includes a
key 124 which is urged outwardly by_sprihg 125 into siof
126 in landing nipplé.Zl. More than one slot 126 may be
provided. This prevents rotation of pump 70 and related
15 components whén'mofor 50 is operating. If key 124 and slot
126 are not in register when locking modﬁle assembly 60 is
installed, the :eaction force from-rqtation of.armature_Sl
in motor 50 will rotate_locking mbdule assembly 60 ﬁntil
U key 124 registers with a slot 126, at which time key 124
20 will expand and engage to prevent further rotation of

locking module aséembly'SO.

Electrical Connections

Electrical connector means 45 provides both a
mechanical link between cable anchor assembly 40 aﬁd
25 locking module assembly 60 and an electrical link between
| powér cable 30 and'eleétric motor 50. 'Electrical

conductors 88,89 and 90 exit from window 43 and enter slot



pl aced in substantial tension and avoid prior art 'prob_l-'ems 10 of cable

- failure adjacent ‘to cable anchor assembly 40. Locking nodul e assenbly 60

. (Fig. 2D) includes a key 124 which is urged outwardly by spring 125 into
~slot 126 in landing nipple-21.. Mre than one 'slot 126 may be provided.  This:
prevents rotation of punp 70 and related 15 - conponents when notor Qv is
operating. |If key 124 and slot 126 ard@4not in register when |ocking nmodule -
~assenbly 60 is installed, the reaction force fromrotation of armature 51 - * -
in notor SBZimachigied eln dee ntPwrid erd RE sl id girrdrel 42y 13Uotegisters
with a slot 126, at which tine key .124 20 . wi | | expand and engage.to _
prevent fuh&TIRIETF FPAVEHRES RP ndul APl y 60. Electrical - i

Connections El ectricgl connector, neans: 45 provi de o. a. mec fcal'kink
bet ween cabl e anchorc.ﬂh’%%ee’ ?F%’-%Eﬁg pﬁ\{’enpa‘?%ii#ggﬁt%%l%nrgsggﬁb?ﬁew and
| ectrig i _ r cable 3 ' | L.opt trical
conduct or SRS HEYEEE hOLIS] Crlede o ek Sikite foff Sigadendngc! 1 cal
‘machi ned ip VL _ I 4 6k C W RS e | B r _
congjuct'or s‘“%%mg%é andt'c%%g.j 8'I)'éh'réége) %ﬁﬁ,%%p%g{égbr %@%@%ﬁ%"%o are
-di sposed W4 RN AADPV 30 ade £ pTirari BEldE (Gl r Ay agedPdisdich agWi th

conductors 88, 89 and 90 respectively. -Each penetrator 128,129 and 130 has .
a plurali tghown Gt 199 ekl 35 steblscls havdesir&d e O5F1ow biwedk undesired
‘fluid flowinto , _ . : o '
. electrical connector means 45. o
Thefvarioué coﬁpqnents of fhe downhoie completion“  1§;)3”
10 are held in alignment-ahd agéinst3:otation_either'by a R
fﬁily_made up threaded joints-between vafious”sections or
by keYé; set screws and the like so fhéf,_once fully
assémbled, ho relative rotation is pdssible'between the
motor 50, pump 70/ and cable 30 to protect electrical-
- 15  . conductors 88,89_and 90 between cable 30 and motdr 50.
. The preceding désgription and drawings illustrate
"Zoniy one embodiment of the present'invehtion; Alternative
embodiments will be readily aﬁparent to thoée skilled in

the art Without departing from:the_scope of the invention. o



el ectrical connector means 45. The various conponents of ~t he downhote——

conpletion 10 - are held in alignnent and agai nst rotat
fully made up threaded joints between various sections or lﬂ“pﬁ!}@”ﬂ“l
screws.and the like so that, once fully assenbl ed, no rela I've 1o be
p055|bLg ‘bet ween t he not or 50 punp- 70, an g cable 30 to protect electrical
15 conductors 88,89 and 90 between cabPe 30 and notor 50. The precedi ng
déscription and drawings illustrate only one enbodi nent of the present
i.nvention. Alternative enbodinments will be readily apparent to those .
skilled in thkgsag W thout departing fromthe scope of the invention. - *
CcfooL M~—™Ss— * 15 CLAIMS 1. A well conpletion systemfor a

downhol e subnersi bl e PUMred dBMe iV dyEtili for a @dWmMidI | on tubing
string wwth a landing nipple 5 ' formng an integral part

t hereof and defbmsrzgble gamp ardbwdtere domatiisimg:or rel easably anchoring a
subnersi bl e punp and rel ated conponents within the production tubing
string; b. a power cablprdidnatipmeaisingstaing witdh @ dandinglhipple:

of power and treating fluid fromthe well surface to the submersible punp
and rel5at ed corrponent s;fomming an a}rruagnﬂ IRe t dhereafe andh gefiindngh ithe

part a downhole location for releasably anchoring
a. submersible pump and related components within
the production tublng string:
b. a power oable having means for supplying a source
: 10" of power and treating fluid from the well surface
| | - to the submersible pump and rolated components;
and | |
c. a fluid flow path_extending throngh'the_
submersible pump motor and its related components
15 | _ - to receive the treating fluid from the power

cable.

\_ 2. | A well'oompletion system as defined in claim 1
-further comprising: |
.a. a downhole motor to operate the submersible pump;
- 20 ' b. a cable anchor assembly to attach the power cable
to the motor?and'COnnect'said soufce of power to
. the motor{
. C. a conduit extendiné from the exterior oi the
cable anchor assembly to a fluid'teceiving
, _ 25 chambef above-thé motor; and

d. the conduit supplying treating fluid from the



power .to the notor;
anchor' assenbly to-a

nmot or; -and d. uit supplying treating romthe 16 pomer:
cable to the f|UId fIOM/path 3. A wel |l conpletion syst em as defi ned
in claim2 wherein the fluid flow path further conprises: a. the fluid

punp not or and its related conponents 15 .. to .
nmgtlng fluid fromthe power cable. 2. - A well
\\M“ “ R“‘ﬂ m as defined in claim1 further ~conprising: a. a downhol e
oroperdte the subnersible punp; 20 . b. - a cable anchor :

assenbly to attach the power cable to t nmot or and connect ‘said sourc
~a conduit extehding fromthe exterior of the cable.

B W0 b3 MoNEndo £1uia £1ow paepchamber above the

recei ving ghanber di apaeed bempeetibhesystem as definedcdbl elaieh@

‘assenbly and the notor; b. an opening fromthe fluid receiving chanber

into the neheretn thenﬁhu¢dtélbweaamhgfhrmhérthemphésasen and c. a

-pIurallty of

conpletlon systenyas defined in claim 1 _further conprising:

10

15

20 -

25

b.

4.

cable anchor assembly and the. motor:;

- 'an opening from the fluid receiving.chamber into

the motor to'communicate=trééfing fluid

- therebetween; and

a plurality of relief valves to.allow treating
fluid to exit from the interior of the motor and

its related components.

" A well completion system as defined in claim 1

further comprising:

- a.

b.

.a driving motor for the submérsible pump;

a cable anchor assembly to mechanically attach
the power-cable to the motor and other related
components of the submersible pump,

a fluid receiving chamber below the cable anchor

assembly; -

a conduit extending from the exterior of the

cable anchor assembly to the flﬁid.recéiving

chamber to supply treating fluid-frbm the power

- cable to the chamber;

separate cylindrical housings generally defining

the exterior of the motor and eéch related

 component:

wof.

relief valves to allow treating 10 - fluid to exit
fromthe interidr of thRefhvddr resgivingr @héﬂb&rcéﬁﬁ9@§ﬁ#ﬂs befween the A vel I

‘



a. .a driving notor for the subnersible punp; 15 by
anchor. assenbly to nechanically attach the power cable to tdﬁ‘!ﬂ“ﬂmmal!’””m
ot her rel ated conponents of the subnersible punp; c. a fluid recei s a
chanmbef bel ow t he cabl e anchor assenbly; 20 d. a condui t

extendipng fromthe exterior of the cable gpchor assenbly to the fluid

recei ving chanber to supply treating fluid fromthe power cable to the
chanmber; e.  sepdarat e agy lopetingalf romu theg ¥1gdde rackivdal chamb2r into

the exterior of the notor and each rel ated conponent; 17 f. an openi ng.
fromthe fluid receivi repec martiver toncommueicater treatdmgufilodde treating
fPuid therebetween; g. further openings between other conponents of the 5

‘notor to communi cat e t theriehgtiveend t her ebet ween; and h. a.relief valve

ext endi ng t hrough each housing to allow treating fluid to exit fromthe
interior of the r@spectuFdheguspsgings betwsen other gofprneptsyeé: the

-system_as defined in any one of the preceding clains ﬁh rei.n th reating
fiuid Ps sel ected frOWW£WQIQF8UE°@8H§F§F%ﬁgtgﬁaﬁaﬁgr§ ugPIF &F9§F§8?FPC
fluid, lubricating oiI,a %nd corrosion inhibitor. _
_ : _ ‘an _
h. a relief valve extending through each housing to
allow freating fluid to exit from the'interiof of

the respective housing.

W,
l10 - 5. _ A well completion system as defieed in'any one.of
the preceding claims whefein the"treafing fluid is selected
from the group consisting of minefal oil, di;eiectric
fluid, lubricating ogl; and corrosion inhibitor.
_6. The method of installing.and operating a downhole
15 - submersible pump and motor comprising:
-a. attaching the submersible pump with its motor and
W | related.cohponents to a power cable having power
C supply means and a fluid conductor to supply both
_power and treating'fluid from the well surface to
20 : . ‘the submersible pump motor and related
components;
b. lowering the submersible pump, metor and related
cohponents by‘the bower cable through a
’ production tubing string to a landing ﬁipple
25 ' which defines.in part a downhole location for

releasably anchoring the submersible pump and




eMﬁLhOd of instal I ing and operating a downhole 15

Th
mﬂ“ﬁ“ﬁu and notor conprising: a. attaching the subnersible. purrp
d rel ated conponents to a power cable having power supply

nean's and a

|l uid conductor ‘to supply both power and treating fluid fron1

the well- surface to 20 : - thegsubnersi bl e punp notor and- retgﬁed
conponents; b. | owering the submersible punp, notor and rel ated _
conponents by the poweﬂa¢&ﬂleombpnegnsamemd@c¢MGnpmm@uq}ﬂnnwhupun@ a - *
- landing nipple 25 - "~ which defines in part a downhol e | ocation

for releasably anchofit&dnglie 88Gbmer si bl e punp and - 18 rel ated conponents ‘
within the production tubin strln and_c I nj ectlng treating fluid fron1iu
the well surfac&: thr&&éﬁcFﬁggb5W@P dng &luddy §hﬁlﬁﬁlﬂaFWr ace ..

ext endi ng..t hrough the, sub u aor ,and its reI d C onent s
The met hod of- cIa|n1%hF8PP er gegpﬁggﬁﬁet?tgp EP aﬁgptreatlng
fluid within the sub l.e p £0 n EF:r e

gpresgure hi gher thang%gahgl%9h§ﬂgfe sur['tggogub ?Fﬁ%ﬂgu gﬂ?@ﬁhglﬁﬁl he
exterior of the submgksi Rk aReEP oRpShedtd.its rel ated conponents.

The method of claim 7 further conprising the step of maintaining treatlng
fluid pressure within the : _

7. :The.method oflclaim-ﬁ.further comprising the step -

gf maintaining treating*fluid within the_Submersible pnmp j

motor and its related ccmponents at a”pressure higher than Hu)_-

10 - the pfessure of well fluids surrounding the exterior ofgthe

submersible pump motor and its related components.

8. The method of ciaim 7 further comprising the sfep -
_gf maintaining treating fluid pressure within the
| submersible'pump notor'and'ifs related coﬁponents above
.15  well fluid pressure_bypa pluralifyiof spring loaded, relief
- valves which allow treating fluid to exit from the
'submerSible pump motor and its related components and block

_ well fluids from flowing therein.

9. _The method of any one of claima'6 to 8 further
20 comprising the step of injecting tréating_flUid from the
well surface into:the pump-motor:and its related components

befgre supplying electrical power to the pump motor.

'10. - . The method of any one of claims 6 to 9 further

&

Comprising the step of maintaining a constant bath_df



subnersi bl e punp notor and its rel ated conponents above 15 - ' lTuid
pressure by a plurality of spring |oaded, relief valves ““
treating fluid to exit fromthe subrersible punp notor. Wﬂ‘mm“mmm“
conponents and block well fluids fromflowi ng therein. 9. The fet Ahod
of anysagne of clains 6 to 8 further 20 conpri sing the step of injecting
tgeatlng fluid fronlthe mell surface intolPhe punp notor and its related
conponents before s eIe rical, power to the tor
The met hod oty e M} g T ORI S eh & iy b
ngintaining ?ﬁ bath of 19 lubricating oil within selected
portions of e su ner§ib|e punp notor. 11. A well conpletion system
for a downhol e subnersible punp and nmotor constructed and arranged for use
5 -and operation substantially as described herein with reference to the
accompanyi ng ijdraw ngs. alZell compldid Gydtdn Eor ld Ebwaibaper at i ng a-
downhol e subnersi bl e punp and notor substantially as described herein.
submersible pump and motor constructed and arranged for use
5 and operatlon substantlally as described herein with

reference to the accompanying drawings.

12. A method of installing and operating.a downhole
submersible pump and motor substantially as described

herein.




