111CR VOLTAGE SLOT LI NER FOR ELECTRI CAL MOTOR Field of the Invention This
invention relates in general to electrical notors, and in particular to a
high voltage dielectric filmtube that is |ocated within each slot of the
stator for receiving w ndings. Bae ound of the Invention Electrical
subnersi bl e punps for oil wells are typically driven by three-phase
subnersible AC electrical notors. Large subnersible punp notors nay be
forty feet long and 7.25 inches in dianeter. The notor has a stationary
stator that is made up of a large nunber of discs or |am nations stacked
in the housing, Each lamnation is a circular flat steel plate having a
central opening through which the rotor extends. Al so, each disc has a
plurality of slots extending around the central opening for receiving

wi ndings. A dielectric filmlines each slot to provide a dielectric

The di ol octri ¢ FOMVOLTAGEH ARk DT ERREIRIGREMORECLT Loes” e
Zgie"tsaﬁl()te '?Lype is a polyimde, however this type of insulation materi al

Field of the Fnvention

This invention relates in gencral to electrical motors, and in particular to a high voltage

dielectric film tube that is Jocated within each slot of the stator for receiving windings.

Backgrougd of the Invention

Electrical submersible pumps for oil wells are typically driven by three-phase
submersible AC electrical motors, Large submersible pump motors may be foity feet long and
7.25 inches in diameter. The motor has a stationary stator that is made up of & large number of
discs or laminations stacked in the housing, Each lamination is a circular flat steel plate having a
central gpening through which the rotor extends. Also, cach disc has a plurality of slots
extending around the central opening for receiving windings.

A dielectric film lines each slot to provide a dielectric barrier between cach disc and the
windings that pass through the slots. The dielectric film must withstand high temperatures and

voltages. One suitable type is a polyimide, however this type of insulation roaterial does not



melt or fuse to itself. It is installed in the slot by folding a | ong

ri bbon or strip of the material longitudinally wth the edges
overlapping. We this insulation works well enough, because the edges
overlap, an electrical leak path exists. Also, it would be desirable to
reduce the thickness of the dielectric material. 2 Summary of the

| nVentgiehrvr fie tditslll v mtstailad inathelslel e tfoliling Bildnmy riibpe pr §t8p nbide niateial a t ube.
The tube has a seal ed outer margin or periphery. Wndings are inserted

t hr ougghgmﬂu 9vith e ddyleserldppingne ermbodi nent, the tube is made up of a
polyim de that is bonded to a layer of a high tenperature thernoplastic

pol yner. Thgiit Bed MemRAtRsht worked Vel RBSugh! beca¥e e ek dvéfsh, taf eledriztidedkont i nuous
tube. In one nethod of installing the tube, the tube is initially

col apag §rg 8l w&m&m&a&abw:@%s'dut:@ﬂ!.emaaegshﬁms URlecPRSEMAGEI The tube may
be coflapse y c osi ng one end d drawng a vacuum fromthe other end.
The tube is inserted while in the coIIapsed position. Then once it reaches
the other end, the vacuumis relieved, allowing the tube to spring back to
an open configuration. |If necessary, a nonentary positive charge of air
pressure may be enpl oyed to



cause the tube to reflect back to the open configuration. Oher nethods of
installing the tube may be used such as sinply pulling the tube into the
slot with or without collapsing it and with or wthout the use of

| ubricants. 3 Brief Descri tion of the Drawin Lys Figure 1 is a sectional
view of a portion of an electric notor constructed in accordance wth
this invention. Figure 2 is a top view of a stator disc of the notor of
Figure 1. Figure 3 is a sectional view of a dielectric tube for insertion

into QQQnﬁ%bﬂ‘tﬁeﬁﬁhﬂﬁn slots of the notor of Figure 1. Figure 4 is an
enl arged schematic view of a portion of the tube of Figure 3 and show ng
the two | ayers of the tube greatly exaggerated in thickness. Figure 5is a
schemat i ¢ mitdyirvéntionpedislactrié fitm lingds toadeintohetuble. eTieectubs hastadealsd ém¢ro t he
slots of the stator of the nmotor of Figure 1. Figure 6 is an enl arged
Vi ew gfireth SQfctipkety. 0 Wikdifgs Ateinguited thrinph eadt afvthefubés. fLiom dmbodinew, tg

tube is made up of a polyimide that is bended to a layer of a high temperature thermoplastic

polymer, The thermoplastic polymer will melt and fuse to form a continuous tube.

In one method of installing the tube, the mbe is initially collapsed so that it can be

inserted into the slot passage. The tube may be collapsed by closing one end and drewing a

vacuum from the other end. The tube is inserted while in the collapsed position. Then once it

reaches the other en&;-the vacuum is relieved, allowing the tube to spring back to an open

configuration. If necessary, a momentary positive charge of air pressure may be employed to

cause the tube to reflect back to the open configuration. Other methods of installing the tube may

be used such as simply pulling the tube into the slot with or without collapsing it and with or

without the use of lubricants.



dielectric tubes during three stages of the installation. 4 Detailed
Description of the Preferred Enbodi nent Referring to Figure 1, notor 11
has a cylindrical housing 13 with a plurality of stator discs 15 stacked
stationarily therein to forma stator 14. As shown in Figure 2, each
stator disc 15 has a plurality of slots 17 spaced around a central

openi igiet BescApRon'ofthe Dy¥awihetv ndi ngs 19 extend through each slot 17.

W ndi n_gﬂg_a?c_coﬁé?—vﬁg's each having a coating of electrical
insulation material. Mdtor 11 also has an axially extending shaft 21 that

has a rot Ofigga.1 iRelsedtioRd vidwobed Séitiad bfhinNel@eitithétbr emetiictidean hszoefanel scs 15.
Referring to Figure 2, slots 17 may be of a variety of configurations and

may elkfeis Reeni@ReN to central aperture 18 or closed. In this exanple,
each slot 17 has a pair of side edges 25. Each side edge 25 is straight

and Iocat%&@Qgﬁtﬁcmﬁs{@dm&oﬂm@ﬁo@mgg fromaxis 26 of housing
sl Ot

13. Each 17 has an outer edge 27 that is curved with a radius tluat

i s equal t@;};ﬁ@ﬂ&éﬁ&ﬂ?ﬁe& 9%&@&@99&1&&&0&@@&%@& hatkYQiiHd O 13

Each sl ot as an 1 nner e ge 28 t I's spaced close to central
apert yre ogof%l n this enbodi nent, curved in an opposite direction to

Figure 4 is an enlarged schematic view of a portion of the tube of Figure 3 and showing
the two layers of the tube greatly exaggerated in thickness.

Figure S is a schematic view of a method for inserting the dielectric tubes into the slots of
the stator of the motof ;f Fipure 1.

Figure 6 is an enlarged view of a portion of the stator of the motor of Figure 1, showing

dielectric tubes during three stages of the installation.



outer edge 27. A dielectric tube 29 inserts into each slot 17 to forma
liner to insulate windings 19 from stator discs 15. Dielectric tube 29
has a length that extends the full length of stator 14. The sidewall of
dielectric tube 29 extends a full360, defining a sealed outer margin. The
material of tube 29 is resilient but does not stretch. Referring to
Figure 4, dielectric tube 29 includes a dielectric film31 that has a high

di el echetabedDeseniridn ol thetMreferned Fmibodireentt i ng t enperatures of notor 11,

whi ch may reach several hundred degrees F. The filmmy be of various
materials, and in the preferred enbodinent, is a polyimde marketed under
t he tr adenReferringaptigurdy, mHetot 11 BesPo nylindscilidrmings 1 Jawdh Eplyralitybf stanayt on,

Del aware. Dielectric film31 will not nelt nor fuse to itself. 5 A carrier
| ayer discs i5 biarkdd siasortanilydiaiein ¢o fhirmlaestdvari 1@ fAd shved it Bigiire 2)eaah etatat diseious
sealed sidewall for tube 29 and hold tube 29 in a cylindrical

conf i griak iaquralitpof sleks 17ispaved arothy a bent@i openingi 18U A pleedlipel wintlings IRt eri al s,
but is preferably a material that will withstand the nornmal operating

t ?W{)ﬁrc&frfuirl ﬁﬁ?ﬂgﬁtea@' sidd 1MERYiadifgs IOUSE Sopper WirésCédch AlivihLaPuting bf @&tdcdl excess
° einsu(lja.ticur:i.31 material. Motor 11 also has an axially extending shaft 21 that has a rotor 23. Rator 23
rotates within central aperture 18 of discs 15. l

Referring to Figure 2, slots 17 may be of a variety of configurations and may ¢ither be
open to central aperture 18 or closed, In this example, each slot 17 has a pair of side edges 25.
Each side edge 25 is straight and Iocated generally on a radial line emanating from axis 26 of
housing 13. Each slot 17 has an outer edge 27 that is curved with a radius that is equal to the
distance from outer edge 27 to axis 26 of housing 13. Each slot 17 has an inner edge 28 that is
spaced close to central aperture 18, and in this embodiment, curved in an opposite dircction to
outer edge 27.

A dielectric tube 29 inserts into each slot 17 to form a liner to insulate windings 19 from
stator discs 15. Diclectric tube 29 has a length that extends the full length of stator 14. The
sidewall of diclectric ube 29 extends a full 360°, defining a sealed outer margin, The material of
tube 29 is resilient but does not stretch,

Referring to Figure 4, diclectric tabe 29 includes a dielectric film 31 that has a high
diclectric strength at the normal operating temperatures of motor 11, which raay reach several
Jundred degrees F. The film may be of various materlals, and in the preferred embodiment, is a
polyimide markected under the trademark Kapton by BE. I DuPont de Nemours and Co.,

Wilmington, Delaware, Dielectric film 31 will not melt nor fuse to itself,



operating tenperatures of notor 11. Various materials are suitable, and in
the preferred enbodinent, carrier film35 is a fluoropolyner,
specifically fluorinated ethyl ene propylene (FEP). Qher acceptable
material s include perflouroal koxy (PFA) and perflouro nethyl vinyl

et her copolynerized with tetrafluoroethyl ene. During manufacturing,

carrier | ayeLr3plagbrdin 35is vh&daas tddéudc £ ilid HrbRi doatinyasRghidant 0 a
tube, creating edges 33 that overlap. The overl apped edges 33 are then
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shows™ carrier ormng tHe exterior of tube 29, but it could
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of Fi %%o&l izt \imsﬂn %con lllo Set %rgng.n])ur}ng?nauufactuﬁng, carrier layer 35 along with

diclectric film 31 is spirol wound into a tube, creating edges 33 that overlap. The overlapped

edges 33 are then fused by heat or another suitable process to form a cylinder. Figure 4 shows

carrier film 35 forming the exterior of tube 29, but it conld altemately be located on the interior.

Figure 5 illustrates one process for installing dielectric tubes 29 in motor 11. A length of

dieleetric tube 29 is wrapped about a reel 37.  The end of tube 29 on reel 37 is connected by a

manifold to & vacuum pump 39. The opposite end 41 is folded over and sealed. End 41 is also

secured to a tow line 43 that may be a wire. Tow line 43 is inserted thoough onc of the passages

defined by alots 17 prior to securing it to ¢losed end 41.

The operator operates vacuum pump 39 to withdraw air from dielectric tube 29. This

causcs tube 29 1o collapse from the eylindrical configuration of Figure 3 to a longitudinally

folded over confipuration generally as shown in slot 17a of Figure 6. In this configuration, the

sidewalls of tube 29 are folded over one another. The initial diameter of tube 29 as shown in

Figure 3 is greater than the dimension between two side edges 25 of slots 17, thus collapsing

tube 29 facilitates its introduction into the passage defined by slot 17.




sidewal ls of tube 29 are fol ded over one another. The initial dianeter of
tube 29 as shown in Figure 3 is greater than the dinension between two
side edges 25 of slots 17, thus collapsing tube 29 facilitates its

i ntroduction into the passage defined by slot 17. 6 |l ance inserted, the
operator relieves vacuum 39 to all ow at nospheric pressure to enter tube

29. The napgtdlnséR8] the ep@ioOfclitng vaghel 8l Afowt 4AB8spBBidIF@&Srel b ch@r SPri ng
outward to return back to the cylindrical configuration of Figure 3. Tube

29 i s \pLMENTIRhahiAPegiIRhbY Bf 1 riaferah6F by 29 B R foughtiditd Rfm however
by cont act vr\rnh?h si de edgg% 25, c?utner etgge ngéand i?\Iﬁg‘r@ edge 28 as shown
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above nmospheric intotube 29 o cause it to open up from tthe col | apsed
DO | Sl 8o o R A, MR 3 Bl eald Ol o, ©, T
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distance after tube 29 is inserted through a column of slots 17 within stator 14.
The operator then begins inserting windings 19 through each tube 29. Windings 19 are
tightly packed within-tube 29, as indicated in slot 17c, causing it to assume generally the cross-
sectional configuration of slot 17. A portion of tube 29 will be substantially flush with each side
edge 25 and the inner and outer edges 28 and 27. The diameter of tube 29 is initially selected so
that its cross-sectional area is the same as the cross-sectional area of each slot 17. Also, the
circumference of tubé 29 equals the linear distance around the perimeter of slot 17. Slot 17¢
shows tube 29 in a finally installed condition.
The thickness of tube 29 is considerably smaller than the liners used with of the prior art
tachnique utilizing the same material. In one embodiment, the wall thickness of tube 29 is in the
range from 3 mils (.0003 inch) to 9 mils and preferably 4.5 mils. The preferred thickness of
dielectric film 31 it from 1 to 3 mils. In the prior art, the thickness of the diclectric film was
approximately 12 mils,
The invention has significant advantages. Utilizing a continuous wall tube, mther than a
folded over ribbon or strip, enables the thickness of the liner to be reduced. The dielectric tube
provides substantially the same dielectric strength as the prior art liner, yet it is thinner, This



edge 25 and the inner and outer edges 28 and 27. The di aneter of tube 29
isinitially selected so that its cross-sectional area is the sane as the
cross-sectional area of each slot 17. Also, the circunference of tube 29
equal s the linear distance around the perinmeter of slot 17. Slot 17c

shows tube 29 in a finally installed condition. The thickness of tube 29

IS confbyeRR ¥passrBbrl RindinBANTHehGndunn 8 SoppeLch Wet NinBhgd bo BE iiRieastdt

t echni que ut|I|S|ng the sane material. I'n one enbodinent, the wal |
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and preferably 4.5 mils. The preferred thickness of dielectric film31is

from:hﬂ&%ﬁﬁﬁﬂ&ﬁowﬁ%m&@@ﬂﬂﬁhgie InVthe thi ckness of the dielectric film

was approxi mately 12 ml ention has significant advantages.
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unlike ffie folded over liner of the prior SA Wile the invention bm been
shown only one of its forns, it should be appant to those Adiled in the
art that it is not so limted but gusceptible to various changes wi thout
departing fi= the soope of the inventiotL 8 CLAIMS: 1. An electrical
notor, conprising: a housing; a plurality of discs stacked within the
housi g AmMMs:orm a stator, the discs having slots that align with one

anot her to form passages; a tube of dielectric flminserted within each of
t he passages, each of the tubes defining a scaled outer nmargin; and a

pl uralitly Afewinichl mor,icompnidiegl t hrough each of the tubes. 2. The notor
according to claiml1l, wherein the dielectric filmis nonneltable. 3. The
notor according to claiml1, wherein the dielectric filmof each of the
tubes is

4 housing;

8 plurality of discs stacked within the housing to form a stator, the dises having slots that

align with one another to form passages;

a tube of dielectric film inserted within each of the passages, each of the tubes defining a

scaled outer margm, and

a plurality of windings inserted through each of the tubes.

2. The motor according to claim 1, wherein the dielectric film is nonmeltable.

3. The motor according to claim 1, wherein the diclectric film of each of the tubes is

nonmeltable and is bonded to a carrier layer of a meltable material.

4. The motor according to claim 1, wherein the diclectric film of each of the tubes has

overlapping edges and is bonded to a carrier layer of a thermoplastic material,




nonncltable and is bonded to a carrier layer of a neltable material. 4.
The notor according to claiml, wherein the dielectric filmof each of the
tubes has overl appi ng edges and is bonded to a carrier |ayer of a

t hernmopl astic material. 9 S. The notor according to claim1, wherein the
sl ots have side edges that are straight and outer edges that are curved,

and wher giThe iafr hetbainga VRInD vitieRitStht Kok havesideedgds ainh hlskMglitlansh  with the
si de edges anal the outer edges. 6. The notor according to claim1.

wher ei N gydpaliges it 46 BASSI, Biid Wikeeid ﬂh@&bb§hd mgém&mrtmgﬁsﬁs@mm%sho . 009
inch. 7. The notor according to claim1, erein each of the tubes has a

Cross- S%?Hﬂﬁﬁhe gté@aﬂtdhﬁ;‘._,llltf_@e,§%é§stant|aIIy equal to a cross-section area

of each o ots S. An ctrical notor, conprising a housing; a
plurality of discs stacked within the housing to forma stator, the discs
having slots that align with one another to form passages;

6. The motor according to ¢laim 1, wherein a wall thickness of the tube is in the range from

003 to .009 inch.

7. The motor according to claim 1, wherein each of the tubes has a cross-sectional area that is

substantially equal to a ¢cross-sectional atea of each of the slots.

8. An electrical motor, comprising:
a housing;

a plurality of disce stacked within the housing to form a stator, the discs having slots that

align with one another to form passages;
a tube inserted within each of the passages, each of the wbes having a layer of & dielectric
film that has ovexlapping edges and which is bonded to a layer of a material that fuses to the

dielectric film to form a continmous sidewall; and

a plurality of windings inserted through cach of the tubes,

10



a tube inserted within each of the passages, each of the tubes having a

| ayer of a dielectric filmthat has overl appi ng edges and which is bonded
to a layer of a material that firms to the dielectric filmto forma
continuous sidewall; and a plurality of w ndings inserted through each of
the tubes. 10 9. The notor according to claim8, wherein each of the slots
has two %iThe mdfur abcdrding thalair Bewhesdin aich bt tha Bidtsdas wistsRie ped@as hardré on that is
curved, and wherein each of the tubes has straight portions that are

subst antsiuﬁH:ma wmeﬂﬁdgé%drﬁm tBatGE PRI drdWhereBT WolPofaby (MBsk HROEtEH 0
y

substanti a flush wth the outer edge portion. 10. The notor accordi ng

Lo cl ai mofon¥hgs5d pRaAIP MuRAn HOGS RRford, sk bubbi GfGRSLhiully T ange

from.003 to .009 inch. 11. The notor ‘according to claim8, wherein each
of the tgiesiNas aftefides WOtkiEs ENCE that is substantially equal 40 a
perinmeter o eg%ﬁ gf r g slots. 12. The notor according to claim8,
wherein the dielectric filmof the tube conprises polyimde.

12

10. The motor according to claim 8, wherein each of the tubes has a wall thickness in the

range from .003 to .009 inch.

11, The motor aceording to claim 8, wherein each of the tubes has g circumference that is

substantially equal-to a perimeter of each of the siots,

12. The motor according to claim 8, wherein the dielectric film of the tube comprises

polyimide.

13. A method of installing windings in a slot passage within stator discs of an electrical

motor, comprising:

(a) providing a dielectric tube with a continuous circumferential wall;

(b) inserting tha tube into the passage; then

(¢) inserting windings into the tube,

11



13. A method of installing windings in a slot passage within stator discs
of- an electrical notor, conprising: (a) providing a dielectric tube with a
continuous circunferential wall; (b) inserting the tube into the passage;
then (c) inserting windings into the tube. 11 14. The nethod according to
claim 13, wherein step (a) conprises winding a |layer of a nonneltable

di el ect ri4Thd methbdatorimg ronamd 3t whaeie arep (2 cothpryses winfling adglet afld e mat eri al
into a cylindrical configuration with overl appi ng edges, and bondi ng the

over | appioRgheRbUahielbddid Bl hattid Borkied td 4\¢46rEs laybr afuniiehaisia fiagtiaMiatola of t he
tube. 15. The nethod according to claim13, wherein step (a) conprises

provi di ngrihdaal déRBeitation m\w&lap?lhg BHgRES8d bohdipahd ARG idpRAEes@OBrho . 009

inch. 16" The nmethod according to claim 13, wherein step (b) conprises

creati ngpaan %&bﬁgbm&&mmmm_nt ai ning the vacuum while inserting
o0 the '

t he tube 1nt passage. 17. The nmethod according to claim 16, wherein
step (b) conprises relieving the vacuum

15. The method according fo claim 13, wherein step (a) compnses providing the tube with a

wall thickness in the range from .003 to .009 inch.

16. The method according to claim 13, wherein step (b) comprises creating a vacuum in the

tube and maintaining the vacium while inserting the fube into the passage.

17. The method according to claim 16, wherein step (b) comprises relieving the vacuum

within the tube after insertion and prior to step (c).

18. A method of installing windings in a slot passage within stator discs of an electrical

motor, comprismg:

(2) providing a dielectric film tube, the tube having a continuons circumferential side

wall;

(b) applying a vacuum to the tube to cause the side wall of the tube to at least partially

collapse; then

12



within the tube after insertion and prior to step (c). 1%. A nethod of
installing wi-ndings in a slot passage within stator disco of an electrical
nmotor, conprising: (a) providing a dielectric filmtube, the tube having a
continuous circunferential side wall; (b) applying a vacuumto the tube to
cause the side wall of the tube to at |east rtlaIIy col | apse; then 12
(c) while (cpwhileersiningtbe vasoworinsertingaha ibrintorike RASHES A0 t he passage; then
(d) relieving the vacuumin the tube and inserting wi ndings into the tube.

(d) relieving the vacuum in the tube and inserting windings into the tube.

13



