NON-SLIDING CARRIER BEARING IN SUBMERSIBLE PUMP MOTOR AND METHOD OF
INSTALLATION Field of the Invention: This invention relates in general to electrical submersible pump
motors and in particular to carrier bearings for supporting the shaft of the rotor with features to prevent
the carrier bearings from axially sliding relative to the stator due to thermal growth of the rotor. -1
Background ¢fthe-kventier EferiiraksRbmRersits NRWERSRISIBLE Fea baMenorng Rod small in
diameter. To obtain sufficient horsepver Houtipe reT Aegtians @r¢ mounted on the same shaft inside
the stator with support bearings between each rotor section and on each end of the rotor stack. These
bearings consist of a journal bearings with a bushing mounted on and rotating with the shaft and a
corresponding carrier bearing placed over the bushing and in frictional engagement with the inside
diameter of the stator. A thrust washer is usually placed on either side of the rotor carrier bearing

hel & afibehadamioad the adjacent rotor sections. The rotor stack is supported at its lower end
by a retainer on the shaft. A thrust bearing supports the shaft at the top end of the motor. When the
motor heats up, the rotor shaft elongates in a downward direction due to thermal expansion, while the

rotors simultanebUiSV Y REVRAIRE E%p HhaensiFhia gieriy dcseharersitle BHR MAPTe R EREHEHIdepends

on the properties of materials involved, the rotors being dominated by copper and the shaft by steel. The
thermal to carrier bearings for supporting the shaft of the rotor with features to prevent the carrier

bearings from axially diding relative to the stator due to thermal growth of the rotor.



growth can result in relative movement of the carrier bearings with respect to the stator. Under certain
temperature profiles, the rotor carrier bearings are forced to move with respect to the motor stator
housing. This movement may occur when the motor experiences large temperature changes when
energized, such as in cool subsea or cool well applications, or when the motor is placed in very hot
conditiong gikeht @s steREN heaigidryiscous oil well applications,. This movement of the carrier bearings
relative to the stator results when axial forces from the spinning rotor sections press against the thrust
washers, which medtfitfregsnagaibiet A UESPf fitRdraiter BedeyaDne HHa BMEMAUAPEN0 To
accommodate the thermal expansion discussed above. Great care must be taken to ensure the carrier

bearings @istai NS déi Sikiseiwiti@assuRpl 0 rofiriteaspLAcerriMAtéaropstiae shadhst rkierseand at
the same time not be so loose a fit in -2 the stator as to cause the carrier bearings to spin within the

stator or gel anthjaippontiRaheis eteus eadheser ot el cRALERIBETHE Fearkeier T Ressise
fitting of the carrier bearing to the inside of the housing and even a change of less than 0.001" can be the
differencedgingenms suicefslithaasigmas dvtotobddtivenbimiea ohjad edttriadwientine deflisninate this
critical design issue, making the motor easier to manufacture and more reliable in extreme temperature
applicatieneor@<ponaingrzar fiethiszring piatedive o the anshmy eritaim ririeti sedtiensagameat @ipartHsom each
other. A

inside diameter of the stator. A thrust washer is usually placed on either side of the rotor carrier

bearing between the carrier bearing and the adjacent rotor sections.

The rotor stack is supported at its lower end by a retainer on the shaft. A thrust bearing
supports the shaft at the top end of the motor. When the motor heats up, the rotor shaft el ongates
in a downward direction due to thermal expansion, while the rotors simultaneously thermally
expand upward along the shaft. The amount of relative motion depends on the properties of
materias involved, the rotors being dominated by copper and the shaft by steel. The thermal
growth can result in relative movement of the carrier bearings with respect to the stator. Under
certain temperature profiles, the rotor carrier bearings are forced to move with respect to the
motor stator housing. This movement may occur when the motor experiences large temperature
changes when energized, such as in cool subsea or cool well applications, or when the motor is
placed in very hot conditions such as in steam heated viscous oil well applications,. This
movement of the carrier bearings relative to the stator results when axia forces from the
Spinning rotor sections press against the thrust washers, which in turn press against one side of
the carrier bearings, forcing them to move to accommodate the thermal expansion discussed
above. Great care must be taken to ensure the carrier bearings can move with sufficient ease as

to not impose excessive forces on the thrust washers and at the same time not be so loose afit in



carrier bearing having an anti-rotation member is located between each of the rotor sections. During
assembly, the rotor assembly is inserted into the bore of the stator with the anti-rotation members in
frictional engagement with the stator. During operation, the shaft and the rotor sections are allowed to
grow axially in response to an increase in temperature of the motor. The rotor assembly is arranged such

that any therseaboeausitaxdaltferesrinappeadhes @ epiiial tRTtine seidhecasteReine dieridpeheythermal
growth is less than a dislodging force required to move the anti-rotational member axially within the

stator. InppeeaMiPRERETS ChAfREARDREE irabiRer qtpreass PR SO ENGAS Thelnkner dedsfigatable

thrust washer between a hub of the carrier bearing and an end of the adjacent rotor section. The thermal

growth cawsassitie slafiecialdmthaHatavashathishiediideds tiicl0)esE ibafigsbeRss fleraribe baalarowth axial

force that is less than the dislodging force. The thrust washer may be formed of a deformable material.

Alternatelyictiassthr usdsiyshel matobea|@sticallls Broypiele BPRME Maxiiont SO Ml e Uidiickogss and
biased to the maximum thickness. In another embodiment, a bushing may be mounted to the shaft for

rotation theseyvitssaadmakint\tieoreldediative tdngshak shaershiaisdonaterhriwerietbrRir@tor
sections, surrounded by the carrier bearing, and has an axial length greater than an axial length of the
central pepiiieagioms carrier bearing. In still another embodiment, the bushing for each carrier bearing
may have a length greater than the central portion of the carrier bearing. During assembly, a technician
inserts the rotor assembly into a bore of the stator in a first direction, axially sliding the anti-rotational



members in frictional engagement with the bore of the stator. The frictional engagement causes -4 each
carrier bearing to contact one of the rotor sections. When the anti-rotational members are at desired axial
positions within the bore of the stator, the technician moves the shaft, the rotor sections and the bushings
in an opposite direction a selected axial increment relative to the carrier bearings. The carrier bearings
are held ggaipgard)ial movement by the frictional engagement of the anti-rotation members with the bore
of the stator. This selected axial increment of movement axially centers the carrier bearings between the

rotor sections. IanpshaveinGodineettotheeaniialeertiner cberchseprien bparitehneiotheitha

sacrificial washers on each end of the hub. The central portion of the carrier bearing has an axial length

equal to garaxabéanath iihg BHsindofdionaseamilyisthectist Henasie@eietigrobdesh damdng axial

gaps between each of the ends of each hub and adjacent rotor sections. In another embodiment, the rotor

sections havdpsrssanys txadtoy setaislssitoi thersipiite thadtpddss aadytaovablenyihtiietahafi. The

upper ends of the rotors sections are free for relative axial movement between the shaft and the rotors
sections.mé&adexshin gsdieivwe endgasenetprseitivessaioshaite i apéngi oxjahei siafcepd eteeetoihe rotor

sections. This arrangement prevents thermal growth of a lower rotor section from transmitting through the
bushing ithens e smwaeasigrowtakal easptisatofdhembrapringsemperature of the motor. The

rotor assembly is arranged such that any thermal growth axial force imposed on a central portion

of the carrier bearing due to the thermal growth is less than a dislodging force required to move

the anti-rotational member axially within the stator.

In one embodiment, the arrangement of the rotor assembly comprises mounting a
deflectable thrust washer between a hub of the carrier bearing and an end of the adjacent rotor
section. The therma growth causes the deflectable thrust washer to reduce in thickness in
response to athermal growth axia force that is less than the dislodging force. The thrust washer
may be formed of a deformable material. Alternately, the thrust washer may be easticaly
movable from a maximum to a minimum thickness and biased to the maximum thickness.

In another embodiment, a bushing may be mounted to the shaft for rotation therewith and
axialy movable relative to the shaft. The bushing is located between the rotor sections,
surrounded by the carrier bearing, and has an axia length greater than an axial length of the
central portion of the carrier bearing.

In still another embodiment, the bushing for each carrier bearing may have a length
greater than the central portion of the carrier bearing. During assembly, a technician inserts the
rotor assembly into a bore of the stator in a first direction, axialy dliding the anti-rotational

members in frictional engagement with the bore of the stator. The frictional engagement causes



Figure 1 is a schematic sectional view of a portion of an electrical submersible pump (ESP) motor
constructed in accordance with this invention. Figure 2 is an enlarged sectional view of a portion of the
motor of Figure 1, illustrating a first embodiment of a feature to prevent axial sliding of the carrier bearing
relative to the stator due to thermal growth. Figure 3 is a partial sectional view of the portion of the motor

shown inchigiea delbdallhstrdsiadheradians eaonacafienshoumal giewih-riitieratanidelaiveiedhe stator

has occurred. Figure 4 is a view illustrating a first step in a second embodiment to prevent axial

movemegegféb eSS PRI thiiiie hisi@ o aneSiBiiRT thd-iBecHei & ahuhsheynalii e seeeamdistep,
wherein the carrier bearing hub ends are spaced from contact with the adjacent rotor sections. Figure 6

is a view gtadrREaH kparmngsingdantenheppissies amedt th Fagssieded wki Bl Usicpéinerth e o @ third
embodiment, which is to utilize a sacrificial spacer ring to space the carrier bearing between adjacent

rotor sectiamier Figdrhdsis arseciantdviesriids cauierheagamansdalomoawnens turtheerrieodiment of a
feature to prevent axial sliding of the carrier bearing relative to the stator. Figure 8 is a view of a different

carrier bepgageaitllostiasing fothiembnehnery afith ipatus éogpreventasial movemeaitad the garrier
bearing relative to the stator, this embodiment comprising a thrust washer assembly with varying
thicknessnbriguegtbisndosestipnakeywoehrnethé teribrvebinvas wtwese thblietopbéogaris. 8 shown

In another embodiment, the central portion of each carrier bearing has a hub with
sacrificial washers on each end of the hub. The central portion of the carrier bearing has an axial
length equal to an axial length of the bushing. After assembly, the thrust washers are dissolved,
leaving axial gaps between each of the ends of each hub and adjacent rotor sections.

In another embodiment, the rotor sections have lower ends fixed by retainers to the shaft
so as to be axially movable with the shaft. The upper ends of the rotors sections are free for
relative axial movement between the shaft and the rotors sections. The bushings between the
rotor sections are shorter than the axial distances between the rotor sections. This arrangement

prevents thermal growth of a lower rotor section from transmitting through the bushing to the

next rotor section.



removed from the carrier bearing. -6 Figure 10 is an exploded perspective view of the thrust washer
assembly shown in Figure 9. -7 Detailed Description of the Invention: Referring to Figure 1, motor 11 has
a cylindrical housing 13. A stator 15 is fixed for non- rotation within housing 13. Stator 15 is made up of a
large number of flat, thin disks or laminations stacked one on top of each other. Windings (not shown)

extend thepugDasiemtriiaeetharpvadisigior 15 for creating an electromagnetic field. Each of the
laminations of stator 15 has a large central aperture creating an inner diameter 16 that is constant

throughout the (gggitd ofistatetnbmantateedoniad axelofixeddeibewsing teatitsl lewsharmblepangnds and
can thermally expand and contract with housing 13. The electromagnetic field created by stator 15
rotates a(rgp) oloeateemittun inastodianseterta thiRrioertiois made up of a plurality of rotor sections 19
mounted on a shaft 21. The number of rotor sections 19 within a motor 11 depends on the length of the

motor. Motors 1 gne\2rreghepibfged eednongl ivi énotihofiatygitae motor onayduawrd, 0 uslratragos

sections 19 as an example. Each rotor section 19 is made up of a plurality of thin, flat disks or

laminatiofigst &aedingio dfiaUeetdr eacPrevti 3RS0 ditd o tletaings Bengtrelspnertantd ey ends.

Rods (not shown) extend between and are secured to end rings 22 to retain the laminations of each
due to thermal growth.

Figure 3 is a partial sectiona view of the portion of the motor shown in Figure 2, but
illustrating the carrier bearing after thermal growth of the rotor relative to the stator has occurred.

Figure 4 is a view illustrating a first step in a second embodiment to prevent axial
movement of the carrier bearing.

Figure 5 is aview similar to Figure 4, but shown after a second step, wherein the carrier
bearing hub ends are spaced from contact with the adjacent rotor sections.

Figure 6 is a view of a carrier bearing similar to the view shown in Figure 5, but
illustrating the use of athird embodiment, which is to utilize a sacrificial spacer ring to space the
carrier bearing between adjacent rotor sections.

Figure 7 is a sectiona view of a carrier bearing and rotor having a fourth embodiment of
afeature to prevent axia dliding of the carrier bearing relative to the stator.

Figure 8 is aview of a different carrier bearing and illustrating a fifth embodiment of a
feature to prevent axial movement of the carrier bearing relative to the stator, this embodiment
comprising athrust washer assembly with varying thickness.

Figure 9 is a sectiona view of one of the thrust washer assemblies of Figure 8 shown

removed from the carrier bearing.



rotor section 19. Rotor sections 19 are keyed to shaft 21 for causing rotation of shaft 21 in response to
the electromagnetic field. Shaft 21 is supported at its upper end by a thrust bearing (not shown), and is
free to thermally grow in a downward direction. Rotor sections 19 are stacked on top of each other. The
stack of rotor sections 19 is supported at a lower end on a retainer ring secured to shaft 21. In this
embodiment, ropgsections 14 asepirdopigseupveatien lbnitae amatnasier e iBwRarier
bearings 23 are located between each rotor section 19 for providing radial stabilization of shaft 21. Each
carrier bemagjig 83 has one or more anti-rotation rings or members -8 25 on its outer diameter that
frictionally engages stator inner diameter 16. Anti-rotation members 25 prevent rotation of carrier
bearings 23 with shaft 21. Various types of anti-rotation members may be employed. A bushing 29 slides
closely over shaft 21 and is keyed to shaft 21 for rotation with it. In this embodiment, bushing 29 has an
upper end that engages the rotor section 19 directly above it and a lower end that engages the rotor
section 19 directly below it. Consequently, in the embodiment of Figure 2, an upward force imposed on
the lowermost rotor section 19 will be transmitted through the rotor stack to the uppermost rotor section
19 via bushings 29. Carrier bearing 23 has a hub 31, which is a cylindrical member that has an inner
diameter in sliding engagement with bushing 29. In this embodiment, an upper thrust washer 33 is
located on the upper end of carrier bearing hub 31 and a lower thrust washer 34 is located on the lower



end of carrier bearing hub 31. The length of the central portion of carrier bearing 23 including hub 31 and
thrust washers 33, 34 is approximately the same as the length of bushing 29. Upper and lower thrust
washers 33, 34 may initially be touching or only slightly spaced from the adjacent rotor sections 19. Each
thrust washer 33, 34 is formed of a relatively soft, deformable material. For example, thrust washers 33,

34 may hpdieiragbetappion vaiel B0&atieplytetrafluorethylene (PTFE). It is not essential that the
material be resilient, and the deformation can be permanent. Carrier bearing 23 also has a body 35 that

extends radiallyrfeffomg tou gite BOsHdP 1N HEth@yARtPIE aesde) MavA tharspnse epiaddRighd@s hub
31, but it could have approximately the same height, if desired. Carrier body 35 has a plurality of ports 37

extendingdi@rorhei tppeidgsi tie 1ewesside 1@ lhieaatdip\ws Hulbrgé hampe iongldjamatel katds in
sliding engagement with the outer diameter of bushing 29. In the example of Figure 2, two anti-rotation
rings 25 paminSribHstepieckdohit epuidrompsse Giher. if UesioRth\Ro: Kubenthameitasy QUGRT Ifiseces to
prevent rotation of carrier bearing 23 may be employed, such as spring loaded pins and the like. Prior to
operatiorspeaet el bawliggtdd 15 dyrafieaaician tibigvitagnen o i ateibh of thdi stanhaeineensaiscent
rotor sections 19. During operations, motor 11 generates heat which can reach several hundred degrees
F. This hesteausaartic el 4 rapanupé shedting andnreiotisaiiendd R atoceestianthisughayitthiesmally
grow upward relative to shaft 21; alternately, the torque on shaft 21 may cause slight twisting of shaft 21,
tending tepgtyentstatis EcBmierlts is axially fixed to housing 13 at its lower and upper ends and can

thermally expand and contract with housing 13.

The electromagnetic field created by stator 15 rotates a rotor 17 located within inner
diameter 16. Rotor 17 is made up of a plurality of rotor sections 19 mounted on a shaft 21. The
number of rotor sections 19 within a motor 11 depends on the length of the motor. Motors 11
may reach 30 feet or more in length and a typical motor may have 10 - 15 rotor sections 19 as an
example. Each rotor section 19 is made up of a plurality of thin, flat disks or laminations.
Referring to Figure 2, each rotor section 19 has end rings 22 on its upper and lower ends. Rods
(not shown) extend between and are secured to end rings 22 to retain the laminations of each
rotor section 19. Rotor sections 19 are keyed to shaft 21 for causing rotation of shaft 21 in
response to the electromagnetic field. Shaft 21 is supported at its upper end by a thrust bearing
(not shown), and is free to thermally grow in a downward direction. Rotor sections 19 are
stacked on top of each other. The stack of rotor sections 19 is supported at a lower end on a
retainer ring secured to shaft 21. In this embodiment, rotor sections 19 are free to slide upward a
[imited amount relative to shaft 21.

Carrier bearings 23 are located between each rotor section 19 for providing radia

stabilization of shaft 21. Each carrier bearing 23 has one or more anti-rotation rings or members



from moving relative to shaft 21. If so, rotor sections 19 would move downward in unison with shaft 21 as
it grows thermally. In either event, it is desired that carrier bearings 23 do not move axially in unison with
rotor sections 19 because such movement would cause anti-rotation members 25 to slide on the inner
diameter 16 of stator 15. Even if rotor sections 19 move axially relative to stator 15, carrier bearings 23

can remag silRNalte @it staipriiiothprpyseridugst \washieiard \wibtietgrmen hateraeais, of Fig.

3, upward thermal growth of rotor section 19 has resulted in lower thrust washer 34 deforming or

becomingnkaabdRiCis iprarcaikiatli BRCHP Bapsed i @ WiehSshBhenurveraldkliyiiestontasi fagsin growth
of rotor section 19 that has occurred relative to carrier bearing 23. The softness of thrust washers 33, 34
causes thyeibeashay Bé émprfpsm before the thermal growth force is sufficient to cause anti-rotation
members 25 to lose their grip with stator inner diameter 16. Carrier bearing 23 thus remains stationary

while bushing 2@ gHiatppSeitiens dSyoverupaaizl plaiyRdpgay ghearing ksieioibwiteie that a
clearance now exists between upper thrust washer 33 and the upper rotor section 19. If motor 11 is

turned ofthi®eraoedingenAbUeALRE2DIRE aeoppasahl thah@vfdackéadts esgionlloagiéenshiowve in Figure

2. Lower thrust washer 34 -10 may or may not expand back to its original thickness, depending upon the
type of maigrial ovidizedd | tnbnecpgaged taebstdimeot.olusY aledothy FIBIRS i4. aITbhsdthgeaay)a muhgerals will

be employed as in the embodiment of Figures 2 and 3 for components that are the same. In this
embodiment of Figure 2, an upward force imposed on the lowermost rotor section 19 will be
transmitted through the rotor stack to the uppermost rotor section 19 via bushings 29.

Carrier bearing 23 has a hub 31, which is a cylindrical member that has an inner diameter
in sliding engagement with bushing 29. In this embodiment, an upper thrust washer 33 islocated
on the upper end of carrier bearing hub 31 and a lower thrust washer 34 is located on the lower
end of carrier bearing hub 31. The length of the centra portion of carrier bearing 23 including
hub 31 and thrust washers 33, 34 is approximately the same as the length of bushing 29. Upper
and lower thrust washers 33, 34 may initially be touching or only dlightly spaced from the
adjacent rotor sections 19. Each thrust washer 33, 34 is formed of arelatively soft, deformable
material. For example, thrust washers 33, 34 may be formed of approximately 99%
polytetrafluorethylene (PTFE). It is not essential that the materia be reslient, and the
deformation can be permanent.

Carrier bearing 23 also has a body 35 that extends radially out from hub 31. Body 35 in
this example does not have the same axia height as hub 31, but it could have approximately the
same height, if desired. Carrier body 35 has a plurality of ports 37 extending from the upper to

the lower side for lubricant flow. Hub 31 has an inner diameter that is in sliding engagement

with the outer diameter of bushing 29. In the example of Figure 2, two anti-rotation rings 25 are



embodiment, bushing 29 is made longer than the central portion of carrier bearing 23, which includes
carrier bearing hub 31and thrust washers 33 and 34, if they are employed. Thrust washers 33 and 34 are
optional in this embodiment. If utilized, they could be of the same material as in the first embodiment or of
conventional materials. The length of the central portion of carrier bearing from upper end 43 to lower

end 45 islegs &ha boeitergila ebippaRenE 9 vaiekdis Aheospiramanei digianeer RRWee Ggiagadt rotor

sections 19. When motor 11 is first assembled, it is desired that each carrier bearing 23 be properly
spaced figratithasijeqeirs Kiaingedieng b8 chvbyadhe.desiepriniiRiaaieapite ofd thriwmeen its ends 43, 45

and the adjacent rotor sections 19. When finally assembled, gap 46 at upper end 43 may be identical to

gap 47 at lower peiod 46, acRMMN iEnirier Tearthgy BanelffeppEarashiene thpidesireghnidaraaasing

during assembly, the operator will slide a first rotor section 19 onto shaft 21, then a first carrier bearing

23, then acppgienei Gjaneential) £2nencisio ot ontilthe eniiadengiwbnetondtonsimaeaeadsied iggpperator
then slides rotor 17 into stator inner diameter 16. As the operator pushes rotor 17 into stator 19,

anti-rotatigni chesah esackbsaibr Ariplintaly eepegerhersiathedn oansdatneteill grand-sbferrtiady asdthe

pushing movement continues. The insertion of rotor 17 could be from the upper end or the lower end of
motor 11roes Heetiens s URDEST ssatoteviermayahsahing i iwnpielydos eftves igrEe2 Asstemiael {hat one is

pushing rotor 17 in from the lower end, hub lower end 45 will be contacted by the rotor section 19

immediatigky topfiadit stzfis2h efgywdtiize siplewerstag elsdtisfstratadniol hagurerévdnitiator aecfidns 19

from moving relative to shaft 21. If so, rotor sections 19 would move downward in unison with

shaft 21 as it grows thermally. In either event, it is desired that carrier bearings 23 do not move

axially in unison with rotor sections 19 because such movement would cause anti-rotation
members 25 to slide on the inner diameter 16 of stator 15.

Even if rotor sections 19 move axially relative to stator 15, carrier bearings 23 can remain

stationary relative to stator 15 because thrust washers 34 will deform. In the example, of Fig. 3,

upward thermal growth of rotor section 19 has resulted in lower thrust washer 34 deforming or

becoming less thick in an axia direction as shown in Figure 3. The numera 41 illustrates

thermal growth of rotor section 19 that has occurred relative to carrier bearing 23. The softness

of thrust washers 33, 34 causes thrust washer 34 to deform before the thermal growth force is

sufficient to cause anti-rotation members 25 to lose their grip with stator inner diameter 16.

Carrier bearing 23 thus remains stationary while bushing 29 and rotor sections 19 move upward

relative to carrier bearing body 35. Note that a clearance now exists between upper thrust

washer 33 and the upper rotor section 19. If motor 11 is turned off, the cooling may cause rotor

sections 19 to move back to the origina position shown in Figure 2. Lower thrust washer 34

-10-



larger gap 46 than desired will appear at the upper end. When the entire rotor 17 has been inserted, the
operator then moves rotor 17 back in the lower direction for an increment as indicated in Figure 5. The
operator moves it for an increment that is selected to be half of the difference between the length of one
of the bushings 29 less the length of one of the central portions of carrier bearing 23. That rearward

movemeRideBHtmiy lavebgRpd HDRRING eQUal tnal PPRteREsA Befitirighiposape et bfansaaglerted to
be equal to or slightly greater than any thermal growth that may occur in the expected range of
temperatyfigse.onsequently, even when the maximum thermal growth has occurred, the adjacent lower
rotor section 19 will not be exerting an upward force on carrier bearing hub 31. A slight lower gap 47

would still exist.|Vhile £gbad ganisofiimént bigfuaersththUplere 43dapdievenenduthetdr illigtissed in

Figure 5, it is possible that the operator may wish to have a greater initial gap 47 on the lower side than

gap 46 osrHipfoyieideE $itlehd-aribedmese, dheEiepesaRantRs Yoskdmebange the Aémpasians ofinitie) gaps
46, 47 along the length of motor 11 so that their dimensions differ at different points along motor 11. In

the embaghibed ki ueifgadifteraatenetied iratitize ddatigitiolyi positieartie isaifing PSarngdh3 such
that it has gaps between its hub ends 43, 45 and adjacent rotor sections 19. During assembly, the

operator prfililesasacihbarihgrReeBIg 48rostweehans 331par 31)d f 4Bgng-Ehemmppedotarsegtion 19.
The operator places another spacer ring 49 between hub lower end 45 and the adjacent lower rotor

section 1@adiitesugPendeilereophacdr itngsstenbayi hexaf thesamedihibkpassier baayf differsdiieferably,
each spacer ring 49 is in contact with one of the
materia as in the first embodiment or of conventional materials. The length of the central
portion of carrier bearing from upper end 43 to lower end 45 is less than the length of bushing
29, which is the same as the distance between adjacent rotor sections 19. When motor 11 is first
assembled, it is desired that each carrier bearing 23 be properly spaced from its adjacent rotor
sections 19, having the desired initial gaps 46, 47 between its ends 43, 45 and the adjacent rotor
sections 19. When finally assembled, gap 46 at upper end 43 may be identical to gap 47 at lower
end 45, as shown in Fig. 5 or they may differ.

To achieve the desired initial spacing during assembly, the operator will slide afirst rotor
section 19 onto shaft 21, then afirst carrier bearing 23, then a second rotor section 19, and so on
until the entire length of rotor 17 is made up. The operator then slides rotor 17 into stator inner
diameter 16. As the operator pushes rotor 17 into stator 19, anti-rotation members 25 will
frictionally engage the stator inner diameter 16 and slide axially as the pushing movement
continues. The insertion of rotor 17 could be from the upper end or the lower end of motor 11,
as the terms "upper” and "lower" are used herein merely for convenience. Assuming that oneis

pushing rotor 17 in from the lower end, hub lower end 45 will be contacted by the rotor section

19 immediately behind it, thus there will be no lower gap as illustrated in Figure 4. Initially a

-11-



carrier bearing central portion ends 43 or 45 and one of the rotor sections 19. Spacer rings 49 properly
locate carrier bearing 23 between adjacent rotor sections 19. Thrust washers could be -12 located on the
ends of hub 31, if desired, such as shown in Figure 4, and spacer rings 49 would be above and below the
thrust washers. The material of sacrificial spacer rings 49 may be selected so as to dissolve when the

motor 111 he@ingde aparaie deqect silityypedd GetRcpisiicdrompaitlanuttnans bk canike isberolved in

motor lubricant without impairing the function of the lubricant, for example, a wax. The sacrificial spacer

rings 49 fagated, lefidbpiraeraniwithopsslisselveuBEtMpiohe 1 Hesing renriation whenciesiatiedsat the

site. Once they dissolve, gaps or clearances, such as gaps 46, 47 in Figure 5, would exist between ends

43 and 4manrdteipe FrpgdBVeT gl e alorotaneedtions 4Pineraneth e nihegimeantsehatpd tofigere 6, the
sacrificial spacer rings 49 could be made of a material that can be melted after assembly, but before

motor 11dgfiekiribéooenesatiane Taeitmafeasial wothe Bigstige 2Rdeshehintepdueiiproné solvraicerang then be

flushed from the motor components before the motor is filled with lubricant. Referring to Figure 7, in this

embodimsitti dngsiirgrhernasarig 2ath that iedpserth atiendnitiebalisiantenfepop e edTgseqipndlo to

another. Consequently, thermal growth will not cause an axial force to be transmitted from a lower rotor

section 1gpituoggh Mistingranlg, thepnas! uppee retizaciobel&yubise as ddheyegrbadintem ahf-igures
4-6, the length of carrier bearing hub 31 is less than the distance between adjacent rotor sections 19. In
this exampéemdeyrowth that may occur in the expected range of temperatures. Consequently, even when
the maximum thermal growth has occurred, the adjacent lower rotor section 19 will not be
exerting an upward force on carrier bearing hub 31. A slight lower gap 47 would still exist.
While equal gaps 46, 47 between the upper end 43 and lower end 45 are illustrated in
Figure 5, it is possible that the operator may wish to have a greater initial gap 47 on the lower
side than gap 46 on the upper side. Furthermore, the operator may wish to change the
dimensions of initial gaps 46, 47 along the length of motor 11 so that their dimensions differ at
different points aong motor 11.
In the embodiment of Figure 6, a different method is utilized to initially position the
carrier bearing 23 such that it has gaps between its hub ends 43, 45 and adjacent rotor sections
19. During assembly, the operator positions a sacrificia spacer ring 49 between hub upper end
43 and the upper rotor section 19. The operator places another spacer ring 49 between hub lower
end 45 and the adjacent lower rotor section 19. The upper and lower spacer rings 49 may be of
the same thickness or may differ. Preferably, each spacer ring 49 is in contact with one of the

carrier bearing central portion ends 43 or 45 and one of the rotor sections 19. Spacer rings 49

properly locate carrier bearing 23 between adjacent rotor sections 19. Thrust washers could be
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length of carrier bearing hub 31, including upper and lower thrust washers 33, 34, if any, is the same
length as bushing 55, but it could be a different length. Thrust washers 33, 34 could be eliminated if
desired. A retainer ring 51 is mounted in a groove 53 adjacent the lower end of each rotor section 19.
Retainer ring 51 may be any type of ring, such as a split snap ring. Each retainer ring 51 will transmit an

axial foropy¢epa 8RafieZdnts BienDB oM\ REsh EQTQIIBR CROMAR B PIQUIr 4ishe §eicet 3i RyShe dvbipstator

inner diameter 16. Retainer ring 51 is preferably located at only one of the ends of each rotor section 19

to allow grcGibenwaREBHN A4 thihermathagrow relative to shaft 21. Initially, it will be desired to position
each carrier bearing 23 so that it is properly spaced from adjacent rotor sections 19. That can be done by

the method of Fighe eaafeABd 5t dutiici aisspaold i Ris A g oBedanectyy Wiliaineh alraerfici@hspaner ring 49
as in the embodiment of Figure 6. It is not necessary to center bushing 55, but it could be centered by the

same metnegs 1 bene & Bpaviife thadcmiedim@btsdbE g wigkdah cBMpathip aali emdtiiesthersd growth
of each rotor section 19 will not affect the movement of its adjacent rotor section 19 because bushing 55

has a lengitisdhatisnesstthaubitandisianse hapaesy aeidonot optor srclibnied, titbawhpriaingexings 51
and with bushings 29 extending the full distance between adjacent rotor sections 19, the thermal growth

is compdudedrifsogaendinbsuianayl be bR nilgacEanexampie: i $hsVssinmotenseetianbégirgrew by
.010 inch and if bushing 55 extended into engagement with the adjacent rotor section 19

operation when installed at the site. Once they dissolve, gaps or clearances, such as gaps 46, 47

in Figure 5, would exist between ends 43 and 45 and upper and lower adjacent rotor sections 19.

In another embodiment related to Figure 6, the sacrificial spacer rings 49 could be made
of a materia that can be melted after assembly, but before motor 11 is put into operation. The
material would dissolve upon the introduction of solvents, and then be flushed from the motor
components before the motor is filled with lubricant.

Referring to Figure 7, in this embodiment, bushing 55 has a length that is less than the
initial distance from one rotor section 19 to another. Consequently, therma growth will not
cause an axial force to be transmitted from a lower rotor section 19 through bushing 55 to the
next upper rotor section 19. Also, as in the embodiment of Figures 4-6, the length of carrier
bearing hub 31 is less than the distance between adjacent rotor sections 19. In this example, the
length of carrier bearing hub 31, including upper and lower thrust washers 33, 34, if any, isthe
same length as bushing 55, but it could be a different length. Thrust washers 33, 34 could be
eliminated if desired.

A retainer ring 51 is mounted in a groove 53 adjacent the lower end of each rotor section

19. Retainer ring 51 may be any type of ring, such as a split snap ring. Each retainer ring 51

will transmit an axial force from shaft 21 to the next forward rotor section 19 asrotor 17 is being
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as does bushing 29 in the embodiments of Figures 1-6, that thermal growth would be transmitted to the
next upper rotor section. If that next rotor section 19 grew by .010 inch on its own, its upper end would
move a total of .020 of an inch relative to its carrier bearing 23. This compounding of thermal growth thus
could occur over 10 or 15 different rotor sections, resulting in the uppermost rotor section 19 moving a

much grefigiedistad eearelativerta; imerfries. bertiifer23rig & iR lerpmnpsocaled seehBN ke Bythéilizing a
shorter bushing 55 and retaining each rotor section 19 with its own snap ring 51, the compounding of

incremengatithsreahaiviiaaen TWt@enoiv Bashaabpdinmst 0b igthamaHlOpbave aidifesepbrarrier

bearing 63 than carrier bearing 23. However, it could be the same as carrier bearing 23. Also, carrier

bearing 68 conlebhg, iHldgmplakends anpaitbn esshagdimentsatidazaes tha Gayigiopeayirgfsdas a

bushing 65 that has a length less than the distance between adjacent rotor sections 19. In this example,

the gap hetweelabaghiowiesstsibrisarsl thtadiapens Hies spctienmaBds efuabareshe arper durthipwer

ends. An inner sleeve 69 is employed with carrier bearing 63. Inner sleeve 69 is rotatable relative to

bushing GBsamilis lacatedudtbsn dumebie uslesrg & baditicrataparemengo s Tnntiey dadbd rameftype as

shown in the other embodiments or a different type. In carrier bearing 63, a port 75 extends through

bushing ¢5guirdl6id IEesHoUNECRSSMWEICERESHUSIVILNBS el steantiehtepes pyand Bahs mwnddxtends
through shaft 21 to supply lubricant to ports 75 and 77. A thrust washer assembly 79 is located on the
upper anphleswpeensisvoiticaisenbearinentSorrgoLsivng 65.
During operation, the thermal growth of each rotor section 19 will not affect the
movement of its adjacent rotor section 19 because bushing 55 has a length that is less than the
distance between adjacent rotor sections 19. Without retainer rings 51 and with bushings 29
extending the full distance between adjacent rotor sections 19, the therma growth is
compounded from one end of motor 11 to the other. For example, if the first rotor section 19
grew by .010 inch and if bushing 55 extended into engagement with the adjacent rotor section 19
as does bushing 29 in the embodiments of Figures 1-6, that thermal growth would be transmitted
to the next upper rotor section. If that next rotor section 19 grew by .010 inch on its own, its
upper end would move a total of .020 of an inch relative to its carrier bearing 23. This
compounding of thermal growth thus could occur over 10 or 15 different rotor sections, resulting
in the uppermost rotor section 19 moving a much greater distance relative to its carrier bearing
23 than the lowermost rotor section 19. By utilizing a shorter bushing 55 and retaining each
rotor section 19 with its own snap ring 51, the compounding of incremental thermal growth does
not occur.

The embodiment of Figures 8-10 shows a different carrier bearing 63 than carrier bearing

23. However, it could be the same as carrier bearing 23. Also, carrier bearing 63 could be
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Referring to Figures 9 and 10 as well, thrust washer assembly 79 includes an upper ring 81 and a lower
ring 83. As shown in Figure 10, rings 81, 83 have mating lugs 85 and slots 87 to prevent relative rotation
between rings 81, 83. Lower ring 83 has a recessed counterbore 89 adjoining its inner diameter. A
circular, split, wavy spring 91 locates on counter bore 89. As shown in Figure 9, a wavy spring 91 is not

located iRvstisi@ie ang: satheTehRBE HieAtaioRgupse Ul ItChipREEAG16Ba™mE SlpRanayNedihas3 on its

inner diameter that abuts the upper side of wavy spring 91. In its natural position shown in Figure 9, a
gap 95 Wise i bripfves thipPeieantalfe eetings 3 £enfiotvieBdiibal atesIMiHRS eapiite apsaiaply 79 at

its maximum thickness position. When upper and lower rings 81, 83 are pushed toward each other to

close gap&@ueatidssipdradslonitdaierapjapenthotst watbas assseold 68 crpResas fovidasmithick

position. When the force is released, wavy spring 91 will urge upper and lower rings 81, 83 back to the

initial thickneapdpasédon cdftereinjiial ubialiatiei Sobedhrgstvamiey arseebbas rilandbl bedriibe ratural
position shown in Figure 9, which is at the maximum thickness. One side of each thrust washer assembly

-15 79 wiusai ity @B LHRAE Bl Batkea Vit acenbuitdos segdign. 1A nAnethesrs idermbea ¢i3 intystevashkame
assembly 79 will be in abutment with an end 67 of bushing 75. The distance from each end 67 of bushing

65 to an agiecendroier Fedtiontherisiisaneatonitiedifieenergias on herilavwssaang. cBus @I ation,
as the motor begins to heat up, thermal growth may cause rotor sections 19 to move in the upward
direction extepdbenroabbroudhi nglbBaain armpieainiciienowen thokst 77 within inner sleeve 69. A
passage (not shown) extends through shaft 21 to supply lubricant to ports 75 and 77. A thrust
washer assembly 79 is located on the upper and lower ends of carrier bearing 63 and bushing 65.
Referring to Figures 9 and 10 as well, thrust washer assembly 79 includes an upper ring
81 and alower ring 83. Asshown in Figure 10, rings 81, 83 have mating lugs 85 and slots 87 to
prevent relative rotation between rings 81, 83. Lower ring 83 has a recessed counterbore 89
adjoining its inner diameter. A circular, split, wavy spring 91 locates on counter bore 89. As
shown in Figure 9, a wavy spring 91 is not located in a single plane; rather it has undulations
around it. Upper ring 81 has a depending lip 93 on itsinner diameter that abuts the upper side of
wavy spring 91. Inits natural position shown in Figure 9, a gap 95 will exist between upper and
lower rings 81, 83. Figure 9 illustrates thrust washer assembly 79 at its maximum thickness
position. When upper and lower rings 81, 83 are pushed toward each other to close gap 95,
wavy spring 91 will deform and thrust washer assembly 79 compresses to a less thick position.
When the force is released, wavy spring 91 will urge upper and lower rings 81, 83 back to the
initial thickness position.
After initial installation, both thrust washer assemblies 79 will be in the natural position

shown in Figure 9, which is at the maximum thickness. One side of each thrust washer assembly
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washer assembly 79, reducing its gap 95. Carrier bearing 71 would not experience any axial upward

force until the lower thrust washer assembly 79 completely closes gap 95. Gap 95 is preferably sufficient
to accommodate the expected thermal growth so as to avoid any axial forces on anti-rotation member 73.
While the invention has been shown in only a few of its forms, it should be apparent to those skilled in the

art that it7s patiseelimitttbienc SHECEP BB ecthvAstor SIBRIES Withewerdsaadieabioniig Geener of the
invention. -16 Claims: 1. A method of assembling and operating a submersible well pump motor,

comprisirgsdably PG BeStatpumienawrAtEAl §rre7(b) Pialing 75, anieien assesTRyvétbraeplaadwith an

axis, first and second rotor sections spaced apart from each other, and a carrier bearing having an

anti-rotatisirbRAMEB5a0chA agab@lt pRbicRdacated Bahresmeenitiss apsesenans tmionsasiianshdc)
inserting the rotor assembly into the bore of the stator with the anti-rotation member in frictional

engagenei MytbpaetRialeE b meied g oeiar i, ahwetharilchaeraiiycHieayomp stel altondng the
shaft and the rotor sections to grow axially in response to an increase in temperature of the motor; and
wherein steps (Bb) thacufuyate digstaanedTsiecthéhaiaR iy dieinaal | ey cotiirieenegineorRTeo thilet
washer assembly 79, reducing its gap 95. Carrier bearing 71 would not experience any axial
upward force until the lower thrust washer assembly 79 completely closes gap 95. Gap 95 is
preferably sufficient to accommodate the expected thermal growth so asto avoid any axial forces
on anti-rotation member 73.
While the invention has been shown in only a few 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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central portion of the carrier bearing due to the thermal growth is less than a dislodging force required to
move the anti-rotational member axially within the stator. 2. The method according to claim 1, wherein
step (b) comprises: mounting a deflectable thrust washer between a hub of the carrier bearing and an end
of the second rotor section; and step (e) comprises causing the deflectable thrust washer to reduce in
thicknessgmirggponse to a thermal growth axial force that is less than the dislodging force. 3. The method
according to claim 1, wherein step (b) comprises: -17 mounting a thrust washer between a hub of the

carrier bearingrribanEALihAGabecrteing seohnm Hisdhustvmphackeirafpimagof a deformable

material; and step (e) comprises deforming the thrust washer in response to a thermal growth axial force

that is less than(#)esieitigagtatravidh lentgtbegaccording to claim 1, wherein step (b) comprises:
mounting a thrust washer between a hub of the carrier bearing and an end of the second rotor section,

the thrust washep)oeiggrejagiiaatyomasahisl froamrarpd i thaaxidn instranthiekoes saodeeiitadiased to
the maximum thickness; and step (e) comprises moving the thrust washer to the minimum thickness in

responsestadedtheam alopiascadehdorasith s te sethiag Hridisledgitorévstenmdhbemgibectasearding to
claim 1, wherein step (b) comprises:
portion located between the first and second rotor sections;
(c) inserting the rotor assembly into the bore of the stator with the anti-rotation member
in frictional engagement with the stator;
(d) installing the motor in awell and operating the pump;
(e) allowing the shaft and the rotor sections to grow axially in response to an increase in
temperature of the motor; and wherein
steps (b) and (c) are performed such that any thermal growth axial force imposed on the

central portion of the carrier bearing due to the thermal growth is less than a dislodging force

required to move the anti-rotational member axially within the stator.

2. The method according to claim 1, wherein step (b) comprises:

mounting a deflectable thrust washer between a hub of the carrier bearing and an end of
the second rotor section; and

step (e) comprises causing the deflectable thrust washer to reduce in thickness in

response to athermal growth axial force that is less than the dislodging force.

3. The method according to claim 1, wherein step (b) comprises:
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mounting a bushing to the shatft for rotation therewith and axially movable relative to the shaft, the
bushing being located between the rotor sections and having an axial length greater than an axial length
of the central portion of the carrier bearing. 6. The method according to claim 1, wherein: step (b)
comprises: mounting a bushing on the shaft with a length greater than the central portion of the carrier

bearing, and ins@eing haeachARisRREHE haihibe caniBrdrenserAve b iy ahing: and taRe keamprises:
-18 inserting the rotor assembly into the bore of the stator in a first direction and axially sliding the

anti-rotatigfsl Sagiphehivieianal RN sasyMenaitT thechrapldheriateratlee frictional engagement

causing a second end of the carrier bearing to contact the second rotor section; when the anti-rotational

member is at a depireyl axiapResitonmtig e Paigsoiiimhestridedihds o kethbafia theotarsegtions

and the bushing in a second direction a selected axial increment relative to the carrier bearing, which is

held agaipteial ropxemmentthy drgotiiigialcengagement of the anti-rotation member with the bore of
the stator, the selected axial increment axially centering the carrier bearing between the first and second

rotor sections. 7. The method according to claim 1, wherein: step (b) comprises:
4. The method according to claim 1, wherein step (b) comprises:
mounting a thrust washer between a hub of the carrier bearing and an end of the second
rotor section, the thrust washer being elastically movable from a maximum to a minimum
thickness and being biased to the maximum thickness; and
step (e) comprises moving the thrust washer to the minimum thickness in response to a

thermal grow axial force that isless than the dislodging force.

5. The method according to claim 1, wherein step (b) comprises:
mounting a bushing to the shaft for rotation therewith and axially movable relative to the
shaft, the bushing being located between the rotor sections and having an axial length greater

than an axial length of the central portion of the carrier bearing.

6. The method according to claim 1, wherein:

step (b) comprises:

mounting a bushing on the shaft with a length greater than the central portion of the
carrier bearing, and inserting the central portion of the carrier bearing over the bushing; and step

(c) comprises:
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mounting a bushing on the shaft within the central portion of the carrier bearing; providing the central
portion of the carrier bearing with a hub having sacrificial washers on each end of the hub, the central
portion of the carrier bearing having an axial length equal to an axial length of the bushing; then after
step (c), dissolving the thrust washers, leaving axial gaps between each of the ends of the hub and the

rotor sections. §nd&e i aiOLRGCRESHRBIY TRINtHE, MOREGiNIEeRAB) POMITISE S Rsirdly SAEUKNAIq lower

end of the first rotor section to the shatft, the first rotor section having an upper end that is free of any

axial enggafme taviiitheransitl -haielyrsesuiingR iyejcanshohiite SeswMy Potseetigortotee shaft,

the second rotor section having an upper end that is free of any axial engagement with the shaft; and

mountingriadadRBinghiairaen Beidirg] ansasrbastrefomscsiiaes, gy JoinemastnBeasecanidlrgpgth less
than an axial distance between the first and second rotor sections, the carrier bearing slidably receiving
the bushiggtrsidl having an axial length less than the axial distance between the first and second rotor
sections. 9. A submersible well pump motor, comprising: a stator having an inner diameter; a rotor within

the inner diametgnaf the statattifienatongaiiag & ghaftlaseblirakian haateMVIDiRT srchions spased apart
from each other, the shaft having an axis;
stator, moving the shaft, the rotor sections and the bushing in a second direction a selected axial
increment relative to the carrier bearing, which is held against axial movement by the frictional

engagement of the anti-rotation member with the bore of the stator, the selected axia increment

axially centering the carrier bearing between the first and second rotor sections.

7. The method according to claim 1, wherein:

step (b) comprises:

mounting a bushing on the shaft within the central portion of the carrier bearing;

providing the central portion of the carrier bearing with a hub having sacrificial washers
on each end of the hub, the central portion of the carrier bearing having an axia length equal to
an axial length of the bushing; then

after step (c), dissolving the thrust washers, leaving axial gaps between each of the ends

of the hub and the rotor sections.
8. The method according to claim 1, wherein step (b) comprises:

axially securing a lower end of the first rotor section to the shaft, the first rotor section

having an upper end that is free of any axial engagement with the shaft;

-19-



a carrier bearing located between the first and second rotor sections and having an anti- rotation member
that frictionally engages the inner diameter of the stator to prevent spinning of the carrier bearing; and a
deflectable thrust washer located between an end of the carrier bearing and one of the rotor sections, the
thrust washer reducing in thickness in response to a thermal growth axial force of sufficient magnitude

applied to the thsyistyvagberi it reseReseia aKigldneeenteriiol eiaiof IRetipaR due dbadmaldrowth,
the thermal growth axial force being less than a dislodging force required to cause the anti-rotation

member tacidalhameyarelvévetd tha Rakes ot GnYheiBneifpesrrdingaiwainar®, avperein the thrust

washer is formed of a material selected to deform in response to the thermal growth axial force. -20 11.

The motor accorgén@itiag @i ngssairdheHamist \sas RecdpEiastic sidtingy ahieiienng ey um to a

minimum thickness in response to the thermal axial force and is biased to the maximum thickness. 12.

The moteiagaer@itol éasclpim sh wliareiistiediasiasashe ficemprsesdiiat st Secooek! itgscagiearated by
a spring that urges the rings apart from each other. 13. The motor according to claim 9, wherein the thrust

washer coganngasidadiss ety vy ihe aushir)ibhafl MotacisawRiareaimiy egates aneunddhe diepiceng; a
second ring having a plurality of lugs that mate with the slots, but allow axial movement of the first and

second ringe eetadihes iictemel satbed; ratt sections.

9. A submersible well pump motor, comprising:

astator having an inner diameter;

a rotor within the inner diameter of the stator, the rotor having a shaft and first and
second rotor sections spaced apart from each other, the shaft having an axis;

a carrier bearing located between the first and second rotor sections and having an anti-
rotation member that frictionally engages the inner diameter of the stator to prevent spinning of
the carrier bearing; and

a deflectable thrust washer located between an end of the carrier bearing and one of the
rotor sections, the thrust washer reducing in thickness in response to athermal growth axial force
of sufficient magnitude applied to the thrust washer in response to axial movement of the rotor
sections due to thermal growth, the thermal growth axial force being less than a dislodging force

required to cause the anti-rotation member to axially move relative to the stator.

10. The motor according to claim 9, wherein the thrust washer is formed of a materia selected

to deform in response to the thermal growth axial force.
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a wavy annular spring located between the first and second rings to urge the first and second rings apart
from each other. 14. A submersible well pump motor, comprising: a stator having an inner diameter; a
driven shaft extending concentrically through the inner diameter of the stator, the shaft having an axis;
first and second rotor sections axially spaced apart from each other and mounted to the shaft for rotation

therewith therrripiotecses i@ epdatomayabig relative to the shaft; a bushing mounted to the shaft for
rotation therewith and axial movement relative to the shaft, the bushing having ends engaging the first

and second rotqheaRH@RSyEeE iRNehadatallistooabpe treandrafiraiandeecain iiaT geekaes il a
carrier bearing having a central portion that slidably receives the bushing, the carrier bearing having an

anti-rotatiespBigafeahimbendages frcoasd & drasie @ fHb maatiriothike@Rs. spinning of the carrier
bearings; and a length of the bushing is greater than a length of the central portion of the carrier bearing

to allow axial movement of the bushing and rotor sections relative to the carrier bearing due to thermal
growth. 15. The motor according to claim 14, wherein the central portion of the carrier bearing comprises:

12. The motor according to claim 9, wherein the thrust washer comprises first and second rings

separated by a spring that urges the rings apart from each other.

13. The motor according to claim 9, wherein the thrust washer comprises:

afirst ring having a plurality of sots circumferentially spaced around the first ring;

a second ring having a plurality of lugs that mate with the dots, but alow axid
movement of the first and second rings relative to each other; and

a wavy annular spring located between the first and second rings to urge the first and

second rings apart from each other.

14. A submersible well pump motor, comprising:

astator having an inner diameter;

a driven shaft extending concentrically through the inner diameter of the stator, the shaft
having an axis;

first and second rotor sections axially spaced apart from each other and mounted to the
shaft for rotation therewith, the rotor sections being axially movable relative to the shaft;

a bushing mounted to the shaft for rotation therewith and axial movement relative to the
shaft, the bushing having ends engaging the first and second rotor sections, fixing an axia

distance between the first and second rotor sections;
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a hub in rotational sliding engagement with the bushing; and thrust washers mounted on ends of the hub
and axially spaced from the rotor sections prior to initial start-up of the motor. 16. The motor according to
claim 14, wherein the central portion of the carrier bearing, wherein the central portion of the carrier
bearing comprises: a hub integrally formed with a body of the carrier bearing, the hub having first and

second ends; a firggrAsiabedmtp ealeago tuaral therfics el aidashreranestiielisatinigr Srcsgngrior to

initial start-up of the motor; and a second axial gap located between the second end of the hub and the

second reeFi se oIy el thetaionl siatibep thedigiges theasnad dxiné@nps rrisateritstariaty equal

to each other prior to the initial start-up. -22 17. The motor according to claim 14, wherein the central

portion okpshidy BeEReiiner BesnRgSesicA hub in rotational sliding engagement with the bushing;
sacrificial thrust washers mounted on ends of the hub and in contact with the first and rotor sections prior

to sustained operrilgrhaif thre MRINNHAR edakleingina0biigentuihtis ekidiaDpdhicitneserscafrtbersagritcial
thrust washers, being equal to the length of the bushing prior to sustained operation of the motor; and
to alow axial movement of the bushing and rotor sections relative to the carrier bearing due to

thermal growth.

15. The motor according to clam 14, wherein the central portion of the carrier bearing
comprises.

ahub inrotationa sliding engagement with the bushing; and

thrust washers mounted on ends of the hub and axialy spaced from the rotor sections

prior to initial start-up of the motor.

16. The motor according to claim 14, wherein the central portion of the carrier bearing, wherein
the central portion of the carrier bearing comprises:

a hub integrally formed with a body of the carrier bearing, the hub having first and
second ends;

afirst axial gap located between the first end of the hub and the first rotor section prior to
initial start-up of the motor; and

a second axia gap located between the second end of the hub and the second rotor
section prior to the initial start-up, the first and second axial gaps being substantially equal to

each other prior to theinitial start-up.
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the sacrificial thrust washers dissolve prior to sustained operation of the motor. 18. A submersible well
pump motor, comprising: a stator having an inner diameter; a driven shaft extending concentrically
through the inner diameter of the stator, the shaft having an axis; upper and lower rotor sections axially
spaced apart from each other and mounted to the shaft for rotation therewith; a lower retainer axially

securing g7lowpreraopdrthederdpig oler saetomtoihershnfthéheaiiale poptiohsertipe kanire depger end
that is free of any axial engagement with the shaft; an upper retainer axially securing a lower end of the
upper rotesripates to the shaft, the upper rotor section having an upper end that is free of any axial
engagement with the shaft; a bushing mounted to the shaft for rotation therewith and axially movable

relative to the shafih the dbisbipg iekng BrRiRMeat e B LHPP&Y; end of the lower rotor section and the

lower end of the upper rotor section, the bushing having an axial length less than an axial distance

between the upgatrEnslphipgstanehepianseastiancanehtiRediowertrindeptithe dipiet it srctieg, gwl -23 that
any axial thermal growth of the lower rotor section does not transmit through the bushing to the upper

rotor sectistor IRAGIRY Peari iy ARENEE cpartipbRwTinethaitelidablyxier eiyesriie Eishilgitbrigiagier

bearing having an anti-rotation member that engages the inner diameter of the stator to prevent
thicknesses of the sacrificia thrust washers, being equa to the length of the bushing prior to
sustained operation of the motor; and

the sacrificial thrust washers dissolve prior to sustained operation of the motor.

18. A submersible well pump motor, comprising:

astator having an inner diameter;

a driven shaft extending concentrically through the inner diameter of the stator, the shaft
having an axis;

upper and lower rotor sections axially spaced apart from each other and mounted to the
shaft for rotation therewith;

a lower retainer axialy securing a lower end of the lower rotor section to the shaft, the
lower rotor section having an upper end that is free of any axial engagement with the shaft;

an upper retainer axialy securing a lower end of the upper rotor section to the shaft, the
upper rotor section having an upper end that is free of any axial engagement with the shaft;

a bushing mounted to the shaft for rotation therewith and axially movable relative to the
shaft, the bushing being located between the upper end of the lower rotor section and the lower
end of the upper rotor section, the bushing having an axia length less than an axia distance

between the upper end of the lower rotor section and the lower end of the upper rotor section, so
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spinning of the carrier bearings; and an axial length of the central portion of the carrier bearing is less
than the axial distance between the upper end of the lower rotor section and the lower end of the upper
rotor section. 19. The motor according to claim 18, wherein each of the retainers comprises a snap ring
that engages a mating groove in the shaft. 20. A method of installing a rotor within a stator of a

submersiipig W 4N hERRIAT g RN B e | sk Pbide sedtishrabes REEtRRAN tataalhAe BOsAMEXS:
mounting a bushing on the shaft and a carrier bearing with a central portion on the bushing, the central
portion offieedpeshineravitg:a lesser axial length than an axial length of the bushing, the carrier bearing
having an outer diameter containing an anti-rotation member; mounting a second rotor section on the

shaft in engage@meatwitibéhersusiing whishravpalysracesiibedivstael e o dugivigsesti@agiapart from
each other a fixed axial distance, the bushing and the rotor sections being rotatable and axially movable

relative t@dhercphE@inged it -tbetrotomeaiip nRasbajhdes shengnaa cirankes ke are gt yipageatrotor
assembly; inserting the rotor assembly into a bore of the stator in a first direction and axially sliding the

anti-rotatipiai neeonlpes darfiigtienalreRoagement with the bore of the stator, the frictional engagement
causing a second end of the carrier bearing to contact the second rotor section; and -24 when the

anti-rotational mgnzRei iRajth deakeceaiial posidooiibivahiertsssriobthel estaitin the\argitikssined, the
rotor sections and the bushing in a second direction a selected axial
between the upper end of the lower rotor section and the lower end of the upper rotor section.

19. The motor according to claim 18, wherein each of the retainers comprises a snap ring that

engages a mating groove in the shaft.

20. A method of installing a rotor within a stator of a submersible well pump motor, comprising:

mounting afirst rotor section on a shaft having an axis,

mounting a bushing on the shaft and a carrier bearing with a central portion on the
bushing, the central portion of the bushing having alesser axia length than an axial length of the
bushing, the carrier bearing having an outer diameter containing an anti-rotation member;

mounting a second rotor section on the shaft in engagement with the bushing, which
axially spaces the first and second rotor sections apart from each other a fixed axial distance, the
bushing and the rotor sections being rotatable and axialy movable relative to the carrier bearing,
the rotor sections, shaft, bushing and carrier bearing comprising a rotor assembly;

inserting the rotor assembly into a bore of the stator in afirst direction and axially sliding
the anti-rotational member in frictiona engagement with the bore of the stator, the frictiona

engagement causing a second end of the carrier bearing to contact the second rotor section; and
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increment relative to the carrier bearing, which is held against axial movement by the frictional
engagement of the anti-rotation member with the bore of the stator, the selected axial increment axially
centering the carrier bearing between the first and second rotor sections. 21. The method according to
claim 20, wherein the movement of the shaft a selected axial increment in the second direction is equal

to one half a diffgreAceéncmgiablenethl beirashn TRexbasRigeandiiegeenion pemiontRé therealTigndearing.

22. The method according to claim 20, wherein the difference in axial length between the bushing and

the centralpsitinB\PhghacaiEr! beatng iasndpn ae BstMAIH ameunt of iberones elemdd akitie shaft,

the bushing and the rotor sections at a point adjacent the carrier bearing during operation. 23. A method

of installing@reier ralisineacsthtocHfi ar peaMessitcved Rl iBgaIAe BEaNRSIEAENtHY UREME & st rotor
section on a shaft having an axis; mounting a bushing on the shaft and a carrier bearing with a central

portion osrifigchusttiontHibertbrikali peiembéthethuRbinere oMPEsiEon idariteg Saiclifictawasghers on
each end of the hub, the central portion an axial length equal to an axial length of the bushing, the

carrier begiy kexiagraytie.tarianairigealadRInthef _NEniatamimonectiomuNnting a second rotor
section on the shaft in engagement with the bushing, which axially spaces the first and second rotor

sections apart from each other a fixed axial distance, the -25 bushing and the rotor sections being
rotatable and axially movable relative to the carrier bearing,
21. The method according to claim 20, wherein the movement of the shaft a selected axial

increment in the second direction is equal to one half a difference in axia length between the

bushing and the central portion of the carrier bearing.

22. The method according to claim 20, wherein the difference in axial length between the
bushing and the central portion of the carrier bearing is less than an estimated amount of thermal
growth of the shaft, the bushing and the rotor sections at a point adjacent the carrier bearing

during operation.

23. A method of installing a rotor within a stator of a submersible well pump motor, comprising:

mounting afirst rotor section on a shaft having an axis,

mounting a bushing on the shaft and a carrier bearing with a central portion on the
bushing, the central portion of the bushing comprising a hub having sacrificia washers on each
end of the hub, the central portion an axia length equal to an axial length of the bushing, the
carrier bearing having an outer diameter containing an anti-rotation member;

mounting a second rotor section on the shaft in engagement with the bushing, which

axially spaces the first and second rotor sections apart from each other a fixed axial distance, the
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the rotor sections, shaft, bushing and carrier bearing comprising a rotor assembly; inserting the rotor
assembly into a bore of the stator and frictionally engaging the anti- rotation member with the bore of the
stator; then prior to sustained operation of the motor, dissolving the thrust washers, leaving axial gaps
between each of the ends of the hub and the rotor sections. 24. The method according to claim 23,

wherein thesmeihed HERGOEasRES BenifadtE e BAtXiNDyifRHNriaibere HdkarF@iBeand,

dissolving the sacrificial washers into the motor lubricant. 25. The method according to claim 23, wherein

dissolvingnthetbreativashe s ComPIise sn@RaisdNethiaebdlgh eotstesshentyand causes the

sacrificial washers to melt 26. The method according to claim 23, further comprising fabricating the

sacrificial washerseftioR) thev@torldssthdIN et e Bero tslifgete aidinandirMetienal iy hagadviegtHaeapacrificial

washers comprises: introducing a solvent into the bore of the stator that dissolves the sacrificial washers;

then, drajatagdhensaisenivicahéiosetht tiastatiesrand introducing a motor lubricant into the bore of the
stator. -26
prior to sustained operation of the motor, dissolving the thrust washers, leaving axia gaps

between each of the ends of the hub and the rotor sections.

24. The method according to claim 23, wherein the method further comprises introducing motor
lubricant into the bore of the stator and dissolving the sacrificial washers into the motor

lubricant.

25. The method according to clam 23, wherein dissolving the thrust washers comprises

operating the motor, which creates heat and causes the sacrificial washers to melt

26. The method according to claim 23, further comprising fabricating the sacrificial washers

from awax.

27. The method according to claim 23, wherein dissolving the sacrificial washers comprises:
introducing a solvent into the bore of the stator that dissolves the sacrificial washers;
then, draining the solvent from the bore of the stator and introducing a motor lubricant

into the bore of the stator.
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