TENSI ON THRUST ESPCP SYSTEM BACKGROUND OF THE I NVENTION 1. Field of the

I nvention [00011 This invention relates in general to subnersible well
punps, and in particular to devices for connecting and fastening shaft

el enents and ot her portions of subnersible punp assenblies. 2. Description
of Prior Art [0002) Electrical subnersible punp ("ESP") assenblies for
punping fluid fromdeep wells are typically nmade up of a series of

i nt erconnect abl e nodul ar conponents including a notor, a seal section, and
one or nore punp sections with an associated fluid intake. One type of punp
is a centrifugal punp made up of a | arge nunber of inpellers and
diffusers. Another type is a progressive cavity punp, which conprises a
helical rotor rotated within an el astoneric stator having helical

cavities. Each of the sections of these punps includes an outer radial
housi ng and interior shaft elenents The shaft el ements of the different
adj acent sections are con NSO RUST ESRGESYSEEMy upl i ng assenbl i es by

some connection neans. ? B?'ﬁ& FgaRs woul d be a set of
mat i ngly engaged spli nes % rrng convenrtql onal ESP operation, the
not or sdaﬂs&ﬁdhﬂ!m vari ous shaft el enents as well fluidis

di scharged to the ground surface. The shaft elenents may be in clockw se
rotation and the direction of thrust is downward, thus creating a

conpr ess[0801) oaThik Havention relates in general 1o submersible well pumps, and in particular to

devices for connecting and fastening shaft elements and other portions of subrnersible pump

assemblies.

2. Description of Prior Art

{0002]  Electrical ‘submersible pump ("ESP") assemblies for pumping fluid from deep wells
are typically made up of a series of interconnectable modular components including a motor, a
seal section, and one or more pump sections with an associated fluid intake. One type of pump is
a centrifngal pump made up of a large number of impellers and diffusers. Another type is a
progressive cavity pump, which comprises a helical rotor rotated within an elastomeric stator
having helical cavities. Each of the sections of these pumps includes an outer radial housing and
interior shaft elements. The shaft elements of the different adjacent sections are connected 1o
one another in coupling assemblies by some connection means. An example of connection

means would be a set of matingly engaged splines.



is transmtted between the shaft elenents. As a result of this conpression,
the splined connections between the shaft el enents are forced together,
keepi ng the connections intact. Thrust bearings in the sea] section
contain the downward thrust. [0004] However, in situations where an ESP is
operated in reverse rotation, the direction of thrust within the punp
assenbly is upward. In this situation, the shaft elenents tend to nove
upwar ogos) e burirg’ eddveifortal t S i dpRratidad thel o sQUORSEHING ARV Virfoul USAfR
particularly, this can cause the splined connections between the shaft

el ene . i d stal l ] hysi cal .st.op

ol rearngh® FoRal T 34 0B IRT 151 AF JHRRA kO B A AR’ By L5
stops ,pr.esent a.significant, dr ack, .as the placenent of the st st be
e o heRORRSe udlioh g hs o Vt@vgttl%ﬂ?ww&rdmﬁwua CleAlBgR COPPIESSIER 1addh, ( he
skills involved in welding the stop nust be duplicated at satellite

| ocat isotiansmitied tebvesnotpet shaft elsmienisst Ass al resilt ef. this SovprRYiom theNspliNEAON

[ 00051 The invention provides a fastener for securing connected shaft

el emecinhestionki betweeen tHeeshafti elamems it fsichd eoguiigy, keimblthe sonrebadnst ihact.do
not becone di sengaged. The secured shaft elenents can be froma seal

sect | PR itadndSthFhe AL cEntRN dSAHLA@MARd a punp section, a punp
section and a Seal section, and so forth. The shaft sections are secured so
as to support tension |oading during reverse rotation as well as

COMpr aAg4" 'HRAGNEE il ehAbnS WRER"SESH 9 BdrtBa ir®re¥BlsE TofROI ThE Bl ofFor

thrust within the pump assembly is upward. In this situation, the shaft elements tend to move
upward as well, creating a tension load. In a progressing cavity pump, particularly, this can
cause the splined connections between the shaft elements to separate and become disengaged.
Installing a physical stop element at the pump discharge can prevent this disengagement.
However, stops present a significant drawback, as the placement of the stop must be matched in
each individual ESP system, the weld integrity is critical, the skills involved in welding the stop

must be duplicated at satellite locations, and the amount of upthrust is limited.



[0006] FIG 1A is a sectional side view of a punp on an upper end of a punp
assenbly constructed in accordance with this invention. [0007] FIG 1 Bis
a partially sectional side view of a |ower end of the punp assenbly shown
in FIG 1A [0008] FIG 2A is an enlarged sectional side view of the rotor,
receptacle and flexible shaft shown in FIG I A [0009] FIG 2B is an

enl arged sectional side view of the coupling assenbly and | ower end of the
flexi ble shaft shown in FIG 113. [0010] FIG 3 is an enlarged sectional
side view of the rotor, receptacle, and flexible shaft shown in FIG 2A
[0011] FIG 4 is a partiall F ide view of the rotor,
receptacle, and flexible shaft as shown in FIG 3. 4 BEST MODE FOR CARRYI NG
OUT THE | NVENTION [0012] FIGS. |A and | B show a conventional progressing

cavi t JodO3}) herind&asRADIrsvided i thetetdd FoP s&lufing @EnAsERAIEHEENE leMbnds REitHiR\WaANt | oNn
described herein relates to PC punp assenblies, the invention is not

limt d SP
s cer oGl $EEme I pRHTRL BRI hESnETY ﬁ%@%ﬁﬂ%%ﬁ%%%? ThE selidithalt
asse_nal housion%r 5 consi stin f a ubu ar u hou5| n a flex shaft
housi &‘¥'?‘,“S P 0% oM 5828 SR, a%‘o Oﬁlsﬁﬁt“’f %P“B’Bn“ﬁ“é%énbl y

section 10. FIG 1 B shows a | ower n:P assenbl
pump section and a seal section, and so forth he shaft sectlons are secured so as to support

tension loading during reverse rotation as well as compression loading during clockwise rotation.



o et T v W ST Tal o T
- Sy -

section 11 and an electric notor assenbly 12. Referring to FIG 1A a
string of production tubing 14 extends froma well head at ground surface
(not shown) into a well. Tubular punp housing 6 is |located at the | ower
end of production tubing 14. Punp housing 6 is connected to production
tubing 14 with a threaded collar 18. [0013] Wthin punp housing 6 is a
nmetal rotor 20 with an exterior helical configuration. Rotor 20 has

undul ations with snmall dianmeter portions 22 and | arge di anmeter portions 24,
which give rotor 20 a curved profile relative to axis 26. Rotor 20
orbitally rotates w thi BRESF OESCREEFION O BRAWINGHi ch is |ocated in punp
housing 6. Stator 28 has double or nmultiple helical cavities |ocated al ong
axis 26 through which rotor 20 orbits. [0014] A rotor coupling 30 attached

to th r ot or, hs aro receptacle 32 recelves t he
uppereigwgf FBaeis s PR e 2 DRHP; 1ty 2R PN e SLRRHED FSFBPlY
operation, gravity and the reactlon force due to rotor 20 punping fluid
upwar ePnsirigted ieascorgange wite fapinaentior32 engaged around the upper end of
flexible shaft 34. Flexible shaft 34 flexes off of axis 26 at its upper
end to allow rotor 20 to orbitally rotate. 5 [0015] Referring nowto FIG |
B, thq0e0¥jer RRGd1Bfis 4 barxialdy secsibaditsidddviéw of e deveratid vy tiee Suphp Bemblyeshephac! e
36 on the upper end of a drive shaft extension 38. Drive shaft 40 extends
upwar g Fitx ¢ t he top portion of seal section 42 and engages drive shaft
extension 38 at drive shaft extension bottomreceptacle 45. Drive shaft
extension 38 is supported by bearings to keep it radially constrained.

Drive g6t P1&E9R110%n Hlakged REMRE sitlk Wl of BledSforRUS AGe 8na RBCIHIPRSGR end

shown in FIG. 1A.

[0009] FIG. 2B is an enlarged sectional side view of the coupling assembly and lower end of

the flexible shaft shown in FIG. 1B.

[0010] FIG. 3 is an enlarged sectional side view of the rotor, receptacle, and flexible shaft

shown in FIG. 2A.

[0011] FIG. 4 is a partially exploded sectional side view of the rotor, receptacle, and flexible

shaft as shown in FIG. 3.
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of intake housing 8 is nmounted to the |l ower end of flex shaft housing 7.
The | ower end of intake housing 8 connects to seal section 42. [0016] The
drive shaft 40 is powered by electric notor assenbly 12, which is | ocated
in a notor assenbly housing 41 rel easably secured to the | ower end of

i nt ake housing 8. Mdtor assenbly 12 includes seal section 42 nounted to a
gear reduction unit 48. CGear reduction unit 48 is nounted to an electric
notor 50. An electrical power cable 52 connects to electric notor 50 and
extends up al ongsi de the punp assenbly to the ground surface (not shown)
for receiving elBE IQDE §OR CARRYINGOUTTHE INGENTION fluid fromthe
i nterior of electric notor 50 and also equalizes the pressure differenti al
between the lubricant in notor 50 and the punp assenbly exterior. [0017]

Fl GS. nd S d couplin enblies for shaft elenents within
t he dﬁ@;ﬁ Jﬁﬁﬁtg s | 55 Sh0s¥, G EOMVRRH QT3] BFOBIFRIN CBA ) ePURR BT
engaged with rotor receptacle 32 attached to the |ower end of rotor 20.

FI G WMbilehthgs prefierradowmbodimpngfoff Khexiimiestishadescribed bengageelatgis tto #C pemphaf t
extension top receptacle 36 attached to the upper end of drive shaft

ext enassanbls, tHe(OldtioRas aotrlimged@vusedn PUCGuidp agseinblied €11¢ pdrRiCingy B ubaisina
bore therewithin with longitudinal internal splines 54 extendi ng downward

that &her ESPRsdeHRNbARY well, Th33GRNGA t I ;;uh@
| ongi t udi nal e;(zt er nal SS i nes 56 of s%ﬁ%ggzp%ﬁdas%%n g’)%ls gl haIS ern%lX
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8. FIG. 1A shows an upper pump assembly section 10. FIG. 1B shows a lower pump assembly

section 11 and an electric motor assembly 12. Referring to FIG. 1A, a string of production
tubing 14 extends from a wellhead at ground surface (not shown) into a well. Tubular pump
housing 6 is located at the lower end of production tubing 14. Pump housing 6 is connected to

production tubing 14 with a threaded collar 18.

[0013] Within pump housing 6 is a metal rotor 20 with an exterior helical configuration.
Rotor 20 has undulations with small diameter portions 22 and large diameter portions 24, which
give rotor 20 a curved profile relative to axis 26. Rotor 20 orbitally rotates within an elastomeric
stator 28 which is located in pump housing 6. Stator 28 has double or multiple helical cavities

located along axis 26 through which rotor 20 orbits.

[0014] A rotor coupling 30 attached to the lower end of rotor 20 has a rotor receptacle 32
that receives the upper end of a metal flexible shaft 34. During normal clockwise rotor
operation, gravity and the reaction force due to rotor 20 pumping fluid upward will keep rotor
receptacle 32 engaged around the upper end of flexible shaft 34. Flexible shaft 34 flexes off of

axis 26 at its upper end to allow rotor 20 to orbitally rotate.



splined upper end of flexible shaft 34 is inserted into rotor receptacle
32. As aresult, the Ilongitudinal external splines 56 at the end of
flexi bl e shaft 34 beconme engaged with the conplenentary |ongitudinal
internal splines 54 within rotor receptacle 32 to transmt torque. [0019]
Referring now to FIG 2B, drive shaft extension top receptacle 36 has a
bore with 1longitudinal internal splines extending upward that are

conpl i[gorﬂ ar Rdférrin 28w FIsh C'FB?thTeq?wEﬂ"élﬂ][cffi flexYBIé ShdfD$4 | OREELLEH@IspRadaer nal

spline the lower end of flexible shaft 34. Drive shaft extension top

recep f.l exi fe. V, n .axi&l.l ld ghed, wi.t h_on

Lot hispeisiele SRt EbeP et SER g R ERCRIED 5RY Bt afirl 48 5ieMs UpPRe
shaft .34 i.s inserted intq drive shaft extension top receptacle 36. As a

¢ esul fom {08 1B RArHSTPR aFelSECUoh 47 081 SgaEesad Yonahan exlension o 3| drvesthafy 34
beconme engaged with the conpl enentary |ongitudinal internal splines wthin
dri veexerstan befiare medeptacteotd. r Brioptshaft ex®sipo 38riarswppartedolyyq bearingd 02 Gkeiti ve
shaft extension bottomreceptacle 45 has a bore with |ongitudinal internal

spl i nexdiatiytcensiaig:dd dvineshelftteRehsiah 6 8 dolphted®ithad ntdke Hougiag 3nd hehippér dnd
interfit wwth the |ongitudinal external splines of the upper end of drive

shaf t oA akPhb¥Ens B hofike nfithﬁ Mo dn@'Bf 1R SRRt ﬁ&&s%lggﬁt #hd 1o§6é'r Vfd DPfidke40

have been axially aligned one anot her and nove owar engagenent .

The SRAJS&%%D%@?S&S?Ongegg%‘egggm%)@;haft 40 is inserted into drive shaft

ext ensi on om rec . As a result, the |ongitudinal external
splines at the end of drive shaft 40 becone engaged with the conpl enentary

ng glpt[ﬁﬂ al4§j h?t r{vlg:ﬁll}g%%i 1trs] cepi%a/\gédhliyynelgcr:tiri\éem&&g fa;[sem%f()(t ? ,Svivl?igh t1)so [otcgtg]d ina
motor assembly housing 41 releasably secured to the lower end of intake housing 8. Motor
assembly 12 includes seal section 42 mounted to a gear reduction unit 48. Gear reduction unit 48
is mounted to an electric motor 50. An electrical power cable 52 connects to electric motor 50
and extends up alongside the pump assembly to the ground surface (not shown) for receiving
electrical power. Seal section 42 seals well fluid from the interior of electric motor 50 and also
equalizes the pressure differential between the lubricant in motor 50 and the pump assembly

exterior,

[0017]  FIGS. 2A and 2B show engaged coupling assemblies for shaft elements within the
pump assembly. FIG. 2A shows the upper end of flexible shaft 34 engaged with rotor receptacle
32 attached to the lower end of rotor 20. FIG. 2B shows the lower end of flexible shaft 34
engaged with drive shaft extension top receptacle 36 attached to the upper end of drive shaft

extension 38.

[0018] Referring now to FIG 2A, rotor receptacle 32 has a bore therewithin with longitudinal

internal splines 54 extending downward that are complimentary in size and shape to interfit with
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[0021] Referring to FIG 3, rotor 20 is secured by threads 66 to rotor
coupling 30. Fastener apertures 58 are positioned such that a fastener 60
can be closely inserted into each fastener aperture 58 and di sposed
through the walls of rotor receptacle 32 to be secured to the portion of
flexible shaft 34 within rotor receptacle 32, thus securely interconnecting
flexible shaft 34 to rotor receptacle 32. Referring to FIG 4, fastener 60

pr ef efhalibnpimdinal &xaamaPsphiaYs $Cohe uppet €h8 W 1E4bleARIRBYN ROE&Q&%gta@fe 328arlqor med
on the end of flexible shaft 34 for alignment with fastener perture 58.

ooV Dol SRR 3k RaR i ABIE ABERARERA B Carftihd AP ISEE Rl enbifbbulfn, T

cylindrical er w receirving a screw

secures. in a thread hole 72.in the end of shaft 34. ial tension

bet wetRINFL UPBETER ogg'leéﬁ)ée Fh‘%&?gllé 1agezied 1819 FYIAMMEERFRIACIE Bloudl k&SPultgthe ang
not through screw 64. [0022] During initial construction and assenbly, some
of t hiongigydiea nextemak splglesn¥hat th ehd rof flerdblsushaftad4 drebdme nengapel with the

i nterconnected and fastened to one another. For exanple, rotor 20,

f | exi dimplethedtaryddngianiinal inte@akdplines Hiivithini rotor 3éteprylelde 16 aangnit estqd.t h keys
62, then inserted into production tubing 14, punp housing 6, flex shaft
housing 7, and intake housing 8 prior to delivery to the well site. Seal

secti qoo¥3 WHdferAQE ﬁﬁkd % PRG.CIB\Nffleethah @ xtdhs R Gop QbipRF1eB3®had b Dbre Sl t

housing 7 at the we site. An access port such as hole 74 (FIG 3) may be

o Ty S, P e S ST S, S 1,

shaft ousrn sea n ow keys
62 and_ sgre 4.t0.be installed, [00 | n operation, tor 50.1is supplied
i t - SREE B 4B ongi gl g Sblints O b daer S ciSbie Bl e, v B0 or
20. Thrust is downward as well fluid is punped upward through production
extension top receptacle 36 and flexible shaft 34 have been axially aligned with one another and
moved toward engagement. The splined lower end of flexible shaft 34 is inserted into drive shaft
extension top receptacle 36. As a result, the longitudinal external splines at the end of flexible

shaft 34 become engaged with the complementary longitudinal internal splines within drive shaft

extension top receptacle 36 to transmit torque.

[0020] Drive shaft extension bottom receptacle 45 has a bore with longitudinal internal
splines extending downward that are complimentary in size and shape to interfit with the
longitudinal external splines of the upper end of drive shaft 40. Drive shaft extension bottom
receptacle 45 and drive shaft 40 have been axially aligned with one another and moved toward
engagement. The splined upper end of drive shaft 40 is inserted into drive shaft extension
bottom receptacle 45. As a result, the longitudinal external splines at the end of drive shaft 40
become engaged with the complementary longitudinal internal splines within drive shaft

extension bottom receptacle 45 to transmit torque.
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tubing 14. If notor 50 is shut off, the weight of the fluid in production
tubing 14 wll fall, causing reverse spinning of rotor 20. Rotor 20 w |
tend to nove upward, causing tension in the couplings to occur. The
tension is then transmtted through keys 62, preventing any of the 8
couplings fromseparating. An upthrust bearing in the seal section shaft
(not shown) prevents the shaft from becom ng di sengaged with the driver

conporest1y. Tt_werﬁaF% BXG A, rb®R 209 skardA5CilFeads b6 WP EA6r éﬂlﬂliﬁg ROV End:n
reverse rotation. [00241 The invention has significant advantages. By

( : , | S . nbl y,
securﬁjem&e@tﬁr &%gg)gﬁfdfn@@ shélf ﬂﬁgjraaiggt@fler &l Pg c tl\%s%rg-:dt ik Q&W%l?tgﬁe% y

the upthrust for of the rot uring counterclock not 1 on

transferred.jo the seal sectjon aft and the upthrust bearing within the
seal SECPIOT ndgigRoseq SRt FAPbFecERiBYe 12 aiPF ety Depoiion of
simplifies field use of ESP systens and reduces risk of downhole failures.
[ 0025Aexpble| shaft Bd withiantotgrrepepiadie 84, tiswpcurely gnleyconnecting flexdble shalt 34ito
shoul d be apparent to those skilled in the art that it is not so limted
but | mteuscepticidl2 Refewdng wulRlGe Hafigeaemb( prefidrablgd epmptibescn keyodl hfba sa@owe of
the invention. For exanple, not all of the couplings need to be splined

t ypesga.r at hating $€0e8s 69 fhriRd YRCHE RAd Of TRKIIE WISt SHEH Afment Widedstend

CLAIM5S 1. A submersible assenmbly, conprising: a punp assenbly having a punp

assemf¥ROUST Y 62 extends through fastener aperture 58 into recess 68. Key 62 is a cylindrical
member with a cavity 70 for receiving a screw 64. Screw 64 secures in a threaded hole 72 in the

end of shaft 34. Axial tension between receptacle 32 and flexible shaft 34 transmits through key

62, and not through screw 64.

[0022] During initial construction and assembly, some of the adjacent shaft elements within
the pump assembly may be interconnected and fastened to one another. For example, rotor 20,
flexible shaft 34, and drive shaft extension 38 may be connected with keys 62, then inserted into
production tubing 14, pump housing 6, flex shaft housing 7, and intake housing 8 prior to
delivery to the well site. Seal section 42 will normally be connected to intake housing 8 or flex
shaft housing 7 at the well site. An access port such as hole 74 (FIG. 3) may be located in some
section of housing, for example, the housing 7 of flexible shaft 34 or the housing of seal section

42 at the upper end, to allow keys 62 and screws 64 to be installed.

[0023] In operation, motor 50 is supplied with power, causing drive shaft 40 to rotate, which
in turn rotates rotor 20. Thrust is downward as well fluid is pumped upward through production
tubing 14. If motor 50 is shut off, the weight of the fluid in production tubing 14 will fall,
causing reverse spinning of rotor 20. Rotor 20 will tend to move upward, causing tension in the

couplings to occur. The tension is then transmitted through keys 62, preventing any of the
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an electric notor assenbly having a notor assenbly housing, the housings
being rel easably secured to each other; at |east two shafts extending

wi thin the housings; a set of external splines on an end of one of the
shafts; a receptacle on an end of the other shaft, the receptacle having a
set of internal splines that slide into engagenent with the externa
splines to transmt torque between the shafts; and at |east one fastener

t hat @ﬁpﬁﬁgtsfrbmase%atsﬁrsge.lan upthRIsEBedriAg if BfeaRhlRCtfon MR (hESHBRES pReEHS tHag t he
shafts to each other to transmt axial tension fromone shaft Fo t he ot her.

2. Th S} / . ' [ . fastener c rises
-t SRR St e PR RS SO e QL Elstbchentt R ik ) BN 80, |
the f steine conprises a key that extends through a hole in the receptacle
and i ‘é‘r&ljé’ﬂﬁyﬁfe {RYCESCIR@EEY: i n the shaft having the external splines
so that axial tension in the shafts transmts through the key. 4. The
subnersi bl e punp assenbly of claim1, wherein the fastener conprises: a key
that d99%4lds Theripveirion hessignificaphadveatagps a By eseerglyi intescanngetingnthatadigicent a
recess in the shaft having the external splines so that axial tension in

t he sihftt demhertsn saiiespuriy assginblyh ahdk apthrisn foreessefl taw retee Winring cotmitedcbyckwisehi n
the recess. 5. The subnersible punp assenbly of claim1, wherein the punp

assenfbilof aRFdnSR$red to IR sdafkediioh Ghafl BAd tHeOlpiu@St Beasing Svithil el sl section.
progressing cavity punp stator, and one of the shafts  conprises:

Thus, the need for a rotor stop is eliminated, which simplifies field use of ESP systems and

reduces risk of downhole failures.

[0025]  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. For example, not all of the couplings need to be

splined types; rather, some could be secured other ways, such as by threads.



a flexible shaft having an upper end that orbits around a central axis of
the punp assenbly; and a |ower end that rotates about a central axis of
the punp assenbly. 10 6. A subnersible punp assenbly, conprising: a
progressing cavity punp stator; a punp assenbly housing surrounding the
punp stator; an electric notor assenbly having a drive shaft and carried by
the punp assenbly housing; a helical rotor |ocated inside the stator; a
flexi glalsisaft coupl ed between an upper end of the drive shaft and a | ower
end of the helical rotor; a first set of splines extending |ongitudinally
upon the |lower end of the flexible shaft; a second set of splines extending
| ongi { udi ngl .0f. the drive shaft, the second set of
splings na thwgggﬁ%%gFﬁgﬂgﬁ?ﬁgg%ggTirst set of splines, one of the sets of
spl i ngpupangmblyokatigda pumpiassembl ebapinpgl € and the other on a exterior; and
a fastener cooperatively connecting the | ower end of the flexible shaft and
t he ufbBeCtEneAer %Sﬁf‘énblm?ﬁawaggmﬁtw, asserablyhgusingibeheusingg bingarlepsshlyi on. 7.

The s | assenbly of claim®6, wherein the fastener conprises a
threa%gg}%a?r%g%cglro%@j The subnersi bl e punp assenbly of claim®6, wherein the

f ast estdeastwpshasie exendiay withir thedwtusngks t hrough a hole in the receptacle and
into en agement wWith a recess_in the shaft having

a set of external splines on an end of one of the shafts;

a receptacle on an end of the other shaft, the receptacle having a set of internal splines that slide

into engagement with the external splines to transmit torque between the shafts; and

at least one fastener that extends transversely through the receptacle, the fastener securing the

shafts to each other to transmit axial tension from one shaft to the other.

2. The submersible pump assembly of claim 1, wherein the fastener comprises a threaded
member.
3. The submersible pump assembly of claim 1, wherein the fastener comprises a key that

extends through a hole in the receptacle and into engagement with a recess in the shaft having

the external splines so that axial tension in the shafts transmits through the key.

4. The submersible pump assembly of claim 1, wherein the fastener comprises:
a key that extends through a hole in the receptacle and into engagement with a recess in the shaft
having the external splines so that axial tension in the shafts transmits through the key; and

a screw securing the key within the recess.

5. The submersible pump assembly of claim 1, wherein the pump assembly comprises a
helical rotor that rotates inside a helical progressing cavity pump stator, and one of the shafts
comprises:

a flexible shaft having an upper end that orbits around a central axis of the pump assembly; and

a lower end that rotates about a central axis of the pump assembly.

10
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the splines on the exterior so that axial tension in the shafts transmts

t hrough the key. 9. The subnersible punp assenbly of claim®6, wherein the
fastener conprises: a key that extends through a hole in the receptacle and
into engagenent with a recess in the shaft having the splines on the
exterior so that axial tension in the shafts transmts through the key; and
a screw securing the key to the recess. 10. The subnersi bl e punp assenbly
of cla&i m 6A sub@esible pirp ALHEMbAS T6MBLYingousi ng has at | east one aperture
for providing access to the fastener, the fastener conprising: 11 a key

t hat @RIOZFRISINE KA GHGIHIAP B8I0E i n t he receptacle and into engagement with a

recess.l . ' . I ne the exterior so that axial
tensi%Rﬁlﬁﬂtaﬁ%g%@ﬂgﬁséﬁ%%gﬁlpgﬁfemdgﬁ)g%at?ﬂe key; and a screw securing the
key tgn élb&ric ﬁﬁﬁ@ﬁasselﬂblﬁﬁhﬁng e shdft endeailedBsEBUpQlssemidy odsingher ei n

the receptacle is on the Iower end of the flexible shaft. 12. A nethod of
i nst at heliegl roter legatedhinsidg the staiBfrer si bl e punp assenbly, the nethod

commt & Bbhic SOOI ATHANCE! S it ofIPhAhe AFSL Mot Bar fd ¥neRAld Navi N9
a set of splines on one end; roviding a punp assenbly having a
progresat ng cavity punp stator, a helical rotor |ocated inside the stator
and a flexible shaft connected to the rotor which has_an upper end that

or bi t3firshsg of apines sxiepdine onetudinally, uponthp lewareng of therflexible st end t hat
r ot at £..80 Wt o sHIRHES eenditfz Sorfitudinally upon an upper end of the drive shaft, the second

set of splines matingly engaging with the first set of splines, one of the sets of splines being
located within a receptacle and the other on a exterior; and
a fastener cooperatively connecting the lower end of the flexible shaft and the upper end of the

drive shaft, thereby transmitting axial tension.

7. The submersible pump assembly of claim 6, wherein the fastener comprises a threaded
member.
8. The submersible pump assembly of claim 6, wherein the fastener comprises a key that

extends through a hole in the receptacle and into engagement with a recess in the shaft having

the splines on the exterior so that axial tension in the shafts transmits through the key.

5. The submersible pump assembly of claim 6, wherein the fastener comprises:

a key that extends through a hole in the receptacle and into engagement with a recess in the shaft
having the splines on the exterior so that axial tension in the shafts transmits through the key;
and

a screw securing the key to the recess.

10.  The submersible pump assembly of claim 6, wherein the pump assembly housing has at

least one aperture for providing access to the fastener, the fastener comprising:
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the punp assenbly, the flexible shaft having a set of splines on one end,
one of the sets of splines being internally located in a receptacle and
the other set of splines being external; bringing the splines toward each
other in straight axial novement and causing themto engage; securing the
splines to each other wwth a fastener; |lowering the notor punp assenbly
into the well; causing the rotor to rotate in reverse, thereby causing

axi al a k@jﬂﬁllaﬂékt&ﬁiSWO h@olelift Here€epbdtdd AndARfh erfghentbnt \A@thsmtéss it shaft
transmtting the axial tension through the fastener.
having the splines on the exterior so that axial tension in the shafts transmlts through the key;

and a screw securing the key to the recess.

11. The submersible pump assembly of claim 6, wherein the receptacle is on the lower end of
the flexible shaft.

12. A method of installing and operating a submersible pump assembly, the method
comprising:

providing an electric motor assembly with a drive shaft having a set of splines on one end;
providing a pump assembly having a progressing cavity pump stator, a helical rotor located
inside the stator, and a flexible shaft connected to the rotor which has an upper end that orbits
around a central axis of the pump assembly and a lower end that rotates about a central axis of
the pump assembly, the flexible shaft having a set of splines on one end, one of the sets of
splines being internally located in a receptacle and the other set of splines being external;
bringing the splines toward each other in straight axial movement and causing them to engage;
securing the splines to each other with a fastener,;

lowering the motor pump assembly into the well;

causing the rotor to rotate in reverse, thereby causing axial tension between the flexible shaft and
the drive shaft; and

transmitting the axial tension through the fastener.
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