SHRI NK TUBE ENCAPSULATED MAGNET W RE FOR ELECTRI CAL SUBMERSI BLE
MOTORS Fl®ioDo6kesE6ds | NVENTI ON 5[ 0001] The i nvention rel atgs/@geoshakdoy
to the field of electrical subnersible punp notors. Mre
particularly, the invention relates to increasing heat transfer for
cooling electrical submersible punp notors. BACKGROUND OF THE

I NVENTI ON 10[ 0002] I n an el ectrical submersible punping unit, an

el ectric subnersgﬁhﬁqﬁq{[m ENC ﬁyﬁt;ﬁﬁ@rfm@mg E@I-F@ d
centripetal punp. The electri CA.? ‘ﬁfmarm unit 1Is ac H% down
the well bore of an oil well an&UBWI@M R30il to the surf ace.
[0003] The motors are typically filled with a highly refined m neral

oil or synthetic with high dielectric strength. The design and
operating vol tage of these not of $LPHk %%%NH Mnge from 230 volt up

to 7,200 valt gooAper agg: H&QHb! RIRI koM £ahd ﬂeza/@fra&a»lcﬁarscamlérabk9m%90

anps. The required horsepower may be achi eved |ncrea5|nﬁ%
length, or di é}ﬁ*@fSerMorafpattlﬁ@a%tﬂ&m&@@wfq iglates todwaréwr@l hed) tenst BY Cooling

assenbl | es havieReenbkaewr phap axesed 100 feet in length and rated up
to 400 horsepower, while tandem notors have been known to approach 90

feet in length and have a rating up to 750 horsepower or greater. 20
Ot her di nensions and power GAEREGR@UEDAFSTHPBSENIIEN [ 0004] The not or

ERLES URGOf [05(% ors, ]’ﬂsuafect}gca? mersi]b € pump%ag u}n?,%Q %I?:ctnc sulb r%tbtl.lc motor is
' typically used to drive an attached centrxpetal pump. The electrical submersible pump unit
{ is placed down the well bore of an oil wélI and is used to push oil to the surface.
[6003] The motors are typically filled with a highly refined mineral oil or
synthetic with high dielectric strength. The design and operating voltage of these motors
15 typically range from 230 volt up to 7,200 volts. Amperage requirement typically varies
from 12 to 200 amps. The required horsepower may be achieved by increasing the length,
or diameter, of the motor section. Larger single motor assemblies have been known to
exceed 100 feet in [ength and rated up to 400 horsepower, while tandem motois have been
known to approach 90 feet in length and have a rating up to 750 horsepower or greater.
20  Other dimensions and power output are also possible.
[0004] The motor is made up of rotors, usvally about 12 to 18 inches in length,
that are mounted on a shaft and separated by a rotor bearing. Rotor bearings keep the
rotating compoenents centered in the stator. The high dielectric oil that fills the motor
i\ lubricates the bearings and aids in heat transfer. The rotors are located in an
25 electromagnetic field provided by a stator mounted within the housing,
[0005] The stator is composed of & multitude of individual laminations that, along
with stator windings that include strands of magnet wire, function as electro-magnets.
The laminations form a hollow cylinder with one pole of each electro-magnet facing
toward the center. While no physical movement of the stator takes place, electrical
30 movement is created by progressively changing the polarity of the stator poles in such a

manner that their combined magnetic field rotates. In an AC motor, this is easily



that are nounted on a shaft and separated by a rotor bearing. Rotor

beari ngs weepisdieo7oot at i ng conponents centered in the stpatrarszooki®ssoz
high dielectric oil that fills the notor |ubricates the bearings and

aids in heat transfer. The rotors are located in an 25
el ectromagnetic field provided by a stator nounted within the
housi ng. [0005] The stator is conposed of a multitude of individual

| am nati ons t%‘:g%néglﬂillegrk%cg\ﬁr T3 %E%ﬁeoéurﬁéﬁtrkgéhn%ﬁf-crynf]@nmﬂ %LIH&?G&I?%EI‘QH&S(:MQI:

magnet Wwire, ction as electfo-magnets:. e'l'am nations forma
hol | ow cyl i ndedlariks eflsachistatopadle of each el ectro-magnet faci ng toward

the center. Wyhg no pfné%ﬁ@msd*r;)a\égbrgm% Phiedign b Al HankANES PlieLwith

el ectrical 30 novenent 1s created rogressively changing the
pol arity of tte peleafeging Bl stagori polesyclife doterpmataiss siobit byt Hagnetic aiFpftige gnd

magnetic fktel thl Staf; | L.shed
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since reversing the current each f-cycle w aut omati ca change
the polarity Bfthesain. Syready. thrst i no poood plvriecat eprsctien B henaisT dngrepe of
el ect r o- magned$-RM6AAIOER KL rBtof kd0ste by Winbdhetic field created in the stator.
[0067] The multitude of stator laminations that are stacked fogether and inserted
inside a motor housing define a plurality of wire orifices or lamination slots that are filled
10 with the stator windings that include strands of magnet wire. The laminations are typically
made from steel. Each strand of wire is covered with a high dielectric coating so that the
{ ’ wires will not short out against one another. Also, a high dielectric tubing or slot liner is
typically inserted inside the lamination slots to further protect the wire. Electric motor
windings tend to vibrate, which can cause the wires to abrade against one another. If the
15  dielectric coating of the wires is rubbed off, then an electrical short will result, To
prevent this, the lamination slots have traditionally been filled with varnish or epoxy that
encapsulates the wires into a single mass to prevent the wires from rubbing together,
[0008] Three phase induction type motors typically generate a lot 6f heat. The heat
must be removed or the motor will quickly overheat and fail. The high dielectric oil that
20  fills the motor aids in heat transfer. The motor is cooled by conducting heat from inside
the motor to the oufside of the housing where well fluid flows past the motor to carry the
heat away via conduction, convection, and radiation, One drawback with using a material

to encapsulate the wires is that the encapsulation material impedes heat dissipation.



the poles facing the stator poles. The rotor rotates sinply by
magnet i c vaouzp@atision and 5repul sion as the rotor pol es atricanmpods@m7si02
follow the rotating electrical field being generated by the stator.
Typically, there is no external electrical connection to the rotor.
Instead, the current flow through the rotor is induced by a magnetic
field created in the stator. [0007] The nultitude of stator

| am nations that are stacked gmgpgﬁqrommmgﬁ i nside a notor
housi ng define a plurality of wire ori Lﬁl ces. or |amnati onﬁgl ots thja\t
otnca
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encapsulate at the encapsulation nmateri a
di ssi pat i 6h. staSUNAVKRYiOTFINTHE clepiEhTooON The stator laminations, shrink wrap and the

magnet wires are heated to shrink the shrink wrap onto an outside of the magnet wire,

whereby the magnet wires are secured in bundles by the shrink wrap,

[0012] The result is that the wires are effectively bound together in a manner that

allows oil to move freely in the open space surrounding the wire bundles inside the
20  Iamination slots. Since fluid can pass between and around the windings, the overall

winding temperature will be normalized, essentially reducing hot spots that tend o ocour

in prior art designs.



[ 0009] Therefore, the invention relates to increasing heat transfer of
an el ect rweaPiMet©® of an el ectrical subnersible punp. THE/Ed20ev17B-0al
subnersi bl e punp assenbly of the invention is |owered into casing,
wherein the el ectrical subnersible punp assenbly 5 including an

el ectrical notor for driving a centrifugal punp. The electrical notor
i ncludes a housing and a plu ' tor ] jQns within the
housi ng. Each stator Ianinatégﬁﬁﬁé¥¥%ggﬁ§Né%ﬁ#ﬁgﬁﬁgﬁhgpge and a
plurality of [0si3je ori fAIGESIs@rlscleaiidvaiv 6 wdlotig. a ddpshlclecPRESESmersible

t hrough the central orifice of the plurality of stator |am nations. A
plurality of P¥8tors are mounted on the shaft and located within a
central spacgotgfi ned iy, 1 hea poaerimaahy rdpbdtiee viat Fachot@f oft the elddraaked
plurality of ztat%% IaniP '?ns. [ 0010] A plurality of magnet w res
pass t hr ough®@XER"SP"RE %@% %ty of lam nation slots formed by the
S]E aCEEd lol urlm_nist.]y of F@tDIs d @ssBatibnsiew Aaldh kicak [Mesad3 SEIFIDUNASHRACH
of the plurality .of. magnet res to secure the net. wires in

bundl e’ [ 00THTHREPEET T Eeo e AT AP Beed PRSBrABBIFITS | he

| am nation slots of the 15 stator |am nations in the electrical
notor. The stator |am nations, shrink wap and the nagnet wires are
heated to shrink the shrink wap onto an outside of the nmagnet wre,
whereby the magnet wires are secured in bundles by the shrink wap.
[0012] The result is that the wires are effectively bound together in
a manner that allows oil to nove freely in the open space surroundi ng
fhe wire bundles inside the 20 lamnation slots. Since fluid can
pass between and around the w ndings, the overall w nding tenperature
will be normalized, essentially reducing hot spots that tend to occur
in prior art designs. BRIEF DESCRI PTION OF THE DRAWNGS [0013]FIG 1
is a schematic view of a well with a deployed electrical subnersible



punp; [0014]FIG 2 is a partial cutaway perspective view of a notor
of the elwotwiwabo’® subnersible punp of FIG 1; and [ 00¥shRiZ00sR78492 a
cross-sectional view, taken along lines 3-3 of FIG 2 show ng stator
windings in wire orifices or lamnation slots defined by stator

| am nati ons. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS [0016] Referring first to FIG 1, shown is a well 10
wherein casing 12 ?@TﬁgﬁﬁﬁgEﬁﬁﬂ@TK”b@$@HEﬁﬁﬁfﬁﬁﬁﬁ?BN@CEKNE?ESnade in

the casing tgepd)l ow arizereﬁfulf%&& F;wl1lsha‘nbﬂlas<3$vel Mu@&@ﬁtcsgnqgaizsumundsa
subner si bl e punp assenb | owered into well 10 on tubing 18

El ectrical 5¥&l rE?Iqu%IOBWparag@éﬁm e qaging F\%F’(ﬁ’a’e@ igfiwpouelhdgis gin

punp i nt akeseigidPubE@veHmpRsRb fslté"ibﬁl&ed AtcSGM 108&1%519@ 1Q4Eiectr1cal
separ at es Il fluids are ed to the

20_from not or 26.
surface by"p pﬂ"ﬁﬂaﬂz@wﬁﬂaaﬁmpmﬁr{@c@sﬁ PYMPCH PEIHEE BYRR E*gﬂkﬁ%% 5F frping 1y
to FIGs. 2 apgll Buidse! £6dar de6tin m&;@saﬁ%uﬁpﬁ@ﬁbrﬁ Aot 26, WHAURIAGreZRmaa a
plurality of stat | am nat i ons 30 t at or | am nations 30 each define

a 10 cent ral ©Kisp %FS by pungpgQdproysh g 8. pl ural ity of wire orifices or
| am nati on Sﬂ(}@b? 34. @{eﬁhﬁfgtnoszq:rﬁﬁﬁﬁﬁ§ FICRI DRGEIB, eRAEiEaR ot DF & fprRds Of

t he pIuralltouSIn %§a29rllap1nat|on?
g 28 and a plurality of stator laminations 30. Stator laminations 30 each define a
10 central orifice 32 (FIG. 3) and a plurality of wire orifices or famination slots 34. A shaft 36
passes through central orifice 32 of the plurality of stator laminations 30.

/< [0918] A plurality of rotors 38 are mounted on shaft 36. Rotors 38 rotate within a
central space defined by the central orifice 32 of each of the plurality of stator laminations
30. Radial bearing 40 (FIG. 2} surrounds shaft 36, Stator windings that include a plurality
15 of magnet wires 42 pass through each of the plurality of [amination slots 34 in each of the
plurality of stator laminations 30. Shrinkable material, such as a shrink wrap or shrink
tubing 44 is provided that surrounds each of the plurality of magnet wires 42 for tightly
securing magnet wires 42 in bundles. In one application, shrink tubing 42 is preferably
made of poly ether ether ketone or poly aryl ether ketone, commonly referred to as
20 “PEEK,” having a thickness of 0.007 inches, although other materials and thicknesses may
also be used, Depending on variables including anticipated operating temperatures,
voltage requirements, etc., the particular material and thickness of the material may vary.
Other heat shrink materials could be used in other applications. Additional possible
& example materials include, but are not limited to, PEEKHT, Kynar® (PVDF or
25 polyvinylidene fluoride), Viton®, polyolefin, PVC (polyvinyl chloride), neoprene, PTFE
(polytetrafluroethylene), and FEP (fluorinated ethylene-propylene). Further, multiple

layers of shrink wrap or shrink fubing 44 may be used if desired.,
[0019] An advantage associated with using shrink tubing 44 is that magnet wires
42 are secured within lamination slots 34 such that space 46 (FIG. 3} remains between
30 shrink tubing 44 and the inside of lamination slots 34. Space 46 permits flow of dielectric

fluid through lamination slots 34, which facilitates improved heat transfer.



[0018] A plurality of rotors 38 are nounted on shaft 36. Rotors 38
rotate wiwdizmeaseentral space defined by the central oripbirag:&%098102
each of the plurality of stator |am nations 30. Radial bearing 40
(FIG 2) surrounds shaft 36. Stator wi ndings that include a plurality
15 of magnet wires 42 pass through each of the plurality of

| am nation slots 34 in each of the plurality of stator |am nations
30. Shrinkab teriagl, h i - Ik i IS
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42 are secured within |lam pation slots 34 such that space 46 (FI 3)
‘remains bet WEBREEHC F?We“t‘:lfﬂfen% ’iiewazéh'z“eﬁe??’sfeg'@”@f fpo?ﬁ?ﬁt%a tiggrrlldqEO
slots 34. Spage idCarpiet trichsxyiflllofMaminativradioactari ¢ fl ui d t hrough

| ami nation slots 34, which facilitajes ipproved heat transfer.

[0020] I n practice, before magnet wires 42 are inserted in |am nation
sl ots 34,15hpdzg t ubi rMyus)heipsesem swertied isi widlledgaelto ofrryl aurtheabjeciives kgt s
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Wi res 42 tog®tchehangest dndshedifidatieng Brengeddpassad fiithintibe spidbveirthgaventon 45at
var ni sh e t traditionally been used to imobilize
magnet i coiv(\)/i r%%ﬁéﬁlj qygﬁeeﬁlaﬁﬁlénat ed, thereby allowing dielectric oil to
nove freely through open space surroundi ng shrink tubing 44 inside of
| am nation slots 34. The heated oil may then 10 m grate to cool er
areas near housing 28, which results in greatly increased heat
transfer. Since the dielectric fluid is able to pass between and
iaround magnetic wire 42, the overall tenperature of nmagnetic wire 42
I's nornalized, thereby reducing hot spots that tend to occur in

varni sh or epoxy filled |lam nation slots 34.



15 [0022] Thus, the present invention is well adapted to carry out the
objectives and attain the ends and advant ages nenti oned above as wel |
as those inherent therein. While presently preferred enbodi nents have
been described for purposes of this disclosure, numerous changes and

nodi fications will be apparent to those of ordinary skill in the art.
Such changes and nodifications are enconpassed within the spirit of
this invention as 20 defined by the clains. Wat is clained is: |I. A

wel | conprwahiigciaBnasek] head; casi ng extendi ng downwar ds bel ow sai d
wel | head; an el ectrical subnersible punp assenbly |owered into said
casing, said electrical subnersible punp assenbly including an

el ectrical | m§oN cdRprighd:ving a centrifugal punp, wherein said

el ectrical notor conprises: a housing; a plurality of stator

| ami nati ons wi tahwéllhsad;d housi ng, each defining a central orifice and

a plurality of lamnation slots: a.plurality of rotors within a
central space cfggp gﬁg%yn%g?‘ﬁﬁ%%ﬂi tr’eé?wgaruld |e'(l:1éeagf each of said
plurality ofndtation shtanrsiatel pons, assaitdy plwerad intoysaif casia,eaki dl@trical

rotating_rel%tiyeitousaid Ivralfg% %f E}glqr Ia.'n%piﬁns; ,
magnet v r oROREENRIA QU R RSB o H B a3 s RUPeP 1) b e dreatiesh
slots in eaglm@fwieadiflsdl bleadichym&br &hddrREs: | am nati ons;

a housing;

a plurality of stator laminations within said housing, each defining a
central orifice and a plurality of lamination slots;

a plurality of rotors within a central space defined by said central orifice of
each of said plurality of stator laminations, said plurality of rotors for rotating
relative to said plurality of stator laminations;

magnet wires passing through each of said plurality of lamination slots in
each of said plurality of stator laminations;

a shrink wrap surrounding magnet wires for securing said magnet wires in
bundles;

wherein space between said shrink wrap surrounding said magnet wires
and an inside of said lamination slots permits fluid to flow past said magnet wires

in said lamination slots.

]

. The well according to claim | wherein:
said shrink wrap is a shrink tube.

L2

. The well according to claim [ wherein:
said shrink wrap is comprised of PEEK.

4, The well according to claim 1 further comprising:
an additional layer of shrink wrap surrounding said shrink wrap surrounding said
magnet wires.



a shrink wap surroundi ng magnet wires for securing said magnet wres
i n bundl es; wherei n space between said shrink wap surroundi ng
said magnet wires and an inside of said lamnation slots permts
fluid to fl ow past said magnet wires in said |lamnation slots. 2. The
wel | according to claim| wherein: said shrink wap is a shrink tube.
3. The well according to claiml wherein: said shrink wap is
conprised of PEEK 4. The well according to claiml further

conpri si Ng. An elecaftad@didr if@naubhmabseile pimp BesbiklyWadPelsHFiEQWAbING sai d
shri nk wradamﬁ,uglhgundl ng said magnet wres. 5. An electrical notor
for a submersi Ql@ugggp assenbly, said electrical nmotor conprising: a

housi ng; Lu‘éﬁ |dfrsﬁétd?flal§|§1§ttid?1rs V\'rlﬁm QA IIICRI@ﬁ‘l V\@a%f‘ﬂ@ﬁlﬁ Qcé]ﬁ’}éfi ng,
each defi nl(g}gf-cgaggg mlu boF fahfifacnd |, Pl ural ity %ot | am n Ion slots;

a plurality of p(? 19 t ;SQNFnu?g@é *"u% p%@@geef'fnggfbkgfllgg%%rﬁ% i EG crsi?l

orifice of gag
W res passi ng mal Ol] m'é]af’l0 S’pI urality of |lam nation sl ots | n
each of said Iurallt of stat or Iam nati ons; a shrink wa

di : d yt f d P
surroundi ng sai d magnet wires for ai net r n
bundl es: g magnetgwues passing thmug1 eam oflsal% p?urahtyrg?gammat\ilgn slots {n each of

said plurality of stator laminations;

a shrink wrap surrounding said magnet wires for securing said magnet wires in
bundles;

wherein space between said shrink wrap surrounding said plurality of magnet
wires and an inside of said lamination slots permits fluid to pass through said
lamination slots.

6. The electrical motor according to claim 5 wherein:
said shrink wrap is a shrink tube.

7. The electrical motor according to claim 5 wherein:
said shrink wrap is comprised of PEEK.

8. The electrical motor according to claim 5 further comprising:
an additional layer of shrink wrap surrounding said shrink wrap surrounding said
magnet wires.

9. A method of increasing heat transfer capabilities in an electrical motor of an
electrical submersible pump, said method comprising the steps of:
inserting shrink wrap into lamination slots of stator laminations in the electrical
motor;
inserting a plurality of magnet wires into said lamination slots of said stator
laminations;
heating said magnet wires for shrinking said shrink wrap onto an outside of
said magnet wires wherein said magnet wires are secured in bundles such that
space between said shrink wrap and an inside of said lamination slots permits
fluids to flow around said wire bundles within said lamination slots.



wherei n space between said shrink wap surrounding said plurality of
magnet wires and an inside of said |lamnation slots permts fluid to
pass through said lam nation slots. 6. The electrical notor according
to claim5 wherein: said shrink wap is a shrink tube. 7. The

el ectrical notor according to claim5 wherein: said shrink wap is
conpri sed of PEEK 8. The electrical notor according to claim5
further conprising: an additional |ayer of shrink wap
surroundi ng said shrink wap surrounding said magnet wires. 9. A

met hod of increasing heat transfer capabilities in an electrical

motor of am. ghegfetiogatcBHRTRY Shidl @ WP, sai d method conprising the

st eps of |ngﬁ&ﬁmngkgmﬁ5ggswﬁ@pmb@to | am nation slots of stator
| am nations in the electrical notor; inserting a plurality of

magnet wires into said | am nation slots of said stator | am nati ons;

heating Sa“dTﬂ@Q@ﬁ%d%k&ﬁ&n ﬂgmgn{bﬁukmgugﬂw%u§QPe§e gf.ap onto an

out si de of re secured in
bundl es such thg ggﬁ”wc“ g@”@“@%PFﬁR afgﬁmﬁﬂﬁméw%fnside of
said lam nation slots pernlts f|UIdS to flow around said w re bundl es
wWithin said lam nation slots. 10. The nmethod according to claim?9
wherein: said shrink wap is a shrink tube. 1i. The nethod accordi ng
to claim9 further conprising the step of: inserting a second |ayer
of shrink wap into said | am nation slots.



