END COL TIE DOMWNS Field of the Invention 10001) This invention
relates in general to subnersible electric notors, and in particul ar
to restraining end coils in subnersible electric notors w thout using
varni sh. Background of the Invention [0002] Subnersible electric
nmotors nmay be utilized to drive Electrical Submersible Punp (ESP)
systens used in the production of oil and water fromwells.
Subnersible electric notors are typically conprised of a housing that
houses a stator and a rotor. The rotor is concentrically |ocated
within the stator and can rotate during operation. The notor is
filled wth oil to lubricate the notor and provide heat renoval
during the operation of the notor. Typically the stator is
constructed of nmultiple nmetallic |amnations that formthe stator
stack. A pair of thick end | am nations, one at each end of the stator
stack, interface with a pair of retainer or snap rings, one at each
end of the stator stack, to hold the stator stack in place, The thick
end | am nations and stator |am nations have slots through which wres
are wound in a conventional manner and into which epoxy or varnish
can be introduced The wound wires formw ndings that can be energized
by a supply of electrical current to create an alternating

el ectro-magnetic field. As the windings enter and exit the slots

during threadi ng, they form egdyseidip @k F@eNend of the stator.
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Field of the Invention

[0001] This invention relates in general to submersible electric motors, and in particular to

restraining end coils in submersible electric motors without using varnish.



[0003]In addition to acting as a noisture barrier and providing a

| ayer of insulation, the varnish also supports the weight of the

w ndi ngs and prevents the end coils from noving. During operation,
varni sh acts to prevent the end coils fromnoving inwards toward the
rotor and prevents the w ndings fromnoving down into the slots.
However the varnish inpregnation process is expensive and tine
consum ng and nakes the notor oil |ess efficient at renoving heat
fromthe windings in the slots and fromthe end coils. The varnish is
al so t erfinekenonne of theilpyaitignd thus |limts the conditions into which
anotor can be introduced. Further, as the varnish ages, the varnish

can flakgyend sentagbRaARiNBIIRL By Ok lutili 0K adivB B1EddEca0 SlibiBerablel tump
to lubricate and renove heat. [0004] A need exists for a technique

that adqpessgsiehhasddl H‘tﬁeaﬁrbﬁﬂﬁo@@fjoﬁﬁﬁr%&&rﬂdﬁg%eﬁiﬁS%hféﬁsﬂ)l@g@étﬁe mbﬂ)rs
particular ‘a'need exists for a technique to allow for restraining the

end coi |3 {cmuéorﬁp%edl@fea RfusiMadal Sdhs@nstdidy AdTBHBET TN Blor E@é&ﬁ‘&nﬁ%&l@f

fabrlcatlo ess labor Intensive and |l ess tenperature limted

fol I owi ng..t AchnhINE SRk YESHNESE AR, R Rion. PHIMBLYisAiiel Ban bNVeRbHOR:

the motor and provide heat removal during the operation of the motor. Typically the stator is

constructed of multiple metallic laminations that form the stator stack. A pair of thick end
laminations, one at each end of the stator stack, interface with a pair of retainer or snap rings, one
at each end of the stator stack, to hold the stator stack in place. The thick end laminations and
stator laminations have slots through which wires are wound in a conventional manner and into
which epoxy or varnish can be introduced. The wound wires form windings that can be
energized by a supply of electrical current to create an alternating electro-magnetic field. As the

windings enter and exit the slots during threading, they form end coils at each end of the stator.

10003] In addition to acting as a moisture barrier and providing a layer of insulation, the
varnish also supports the weight of the windings and prevents the end coils from moving.
During operation, varnish acts to prevent the end coils from moving inwards toward the rotor and
prevents the windings from moving down into the slots. However the vamish impregnation
process is expensive and time consuming and makes the motor oil less efficient at removing heat
from the windings in the slots and from the end coils. The varnish is also temperature lumited
and thus limits the conditions into which a motor can be introduced. Further, as the varnish ages,
the varnish can flake and contaminate the motor oil, degrading the oil's ability to lubricate and

remove heat.



[ 0005] I n an enbodi nent of the present technique, a notor housing
containing the stator and rotor is provided. The stator is fabricated
in a conventional manner, with several netallic |am nations formng
the stator stack and a thick end lam nation | ocated at each end of
the stack. A pair of retainer rings, one at each end of the stator
stack hold the stator stack in place. The stacked | am nations are
conpressed during fabrication to build a spring-like force that wll
push outward against the retainer rings to prevent the stator from
spi nni ng000fhe fhied erels | Ahiankeiuas BAd 24dater teafinHal e i dhdivEcSrBes
t hrough which wres are wound in a conventional manner, form ng end,
coi |l s atdesaibhd aode.ofn nakécul anerd exHeOWS iFARM G 8119 [T GRTAGINE Jie frd4pils
can be energi zed by a supply of electrical current to create an .

al t er natwifiguethe ote G-vardghenil en ¢ mapesr tRDDEST MeteHpglcakfFJaTsn#NE Nighslg pnd
segnents are welded to the inside of the housing. The netal segnents
each havessgengjeptiure timfitedl e Tleaufollpwing techisgheany epapeiPEIgs i t into a
circunferential groove formed on the inner surface of the housing.
During operation, the end coils will be tied to the netal segnents to
prevent the end coils fromnoving inwards toward the rotor or down
into the slots of the stator, and to prevent the end coils from

twi sting during start-up. 10007] During the nmanufacturing process,
each netal segnent is welded to the housing on either side of the
formed slot. Once the wires are wound through the slots, several end
coils will be forned at each end of the stator. For a three-phase
notor, three separate wires will be threaded through the slots to
produce three separate bundles of end coils. Each bundle of end coils
representing one of the three phases will be tied to one of the three
nmetal segnents with high tenperature string. The high tenperature
string can be wound t hrough the openings in each



metal segnent and around the end coils for each phase to tie each end
coil of that phase to that netal segnent. The independent tying of
each phase bundle to a netal segnent will thereby transfer the force

and torque to the housing to prevent the end coils of each phase from
twi sting during startup, sliding into the slots, and novi ng i nwards
towards a rotating rotor. [0008] The installation of the netal

segnents during the manufacturing process allows for a relatively

| ess | abor intensive and | ess expensive assenbly process because the

met al
past,

tlop and quickly welded to the housing. In the

L the stator windings in the slots as well as the end coils had
to be i

took ti

nated in varnish to immobilize the %nd coi
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the nmetal segnents do not have the tenperature Ilnltatlo S

var ni sh,1otef LoRionged helheoider & Bueatef 1oy pwveriiaps! smam]B‘r’l‘@F Ef'é’§ |”ﬁ’fainéf‘n
of the Drawings [O009]FIG 1 shows a ty ical prior art

[ go 10] Fll@ningligk suiing be stiop Aark Wideiiigk oo leppgiadan logptpgpt %&F}t @nsflt%tﬂber Sty
the ESP of FIG 1.

A pair of retainer rings, one at each end of the stator stack hold the stator stack in place. The
stacked laminations are compressed during fabrication to build a spring-like force that will push
outward against the retainer rings to prevent the stator from spinning. The thick end laminations
and stator laminations have slots through which wires are wound in a conventional manner,
forming end coils at each end of the stator, The wound wires form windings that can be

energized by a supply of electrical current to create an alternating electro-magnetic field.

[0006] In this embodiment, metal segments are welded to the inside of the housing. The
metal segments each have a slot or hole cut into them and partially fit into a circumferential
groove formed on the inner surface of the houging. During operation, the end coils will be tied to
the metal segments to prevent the end coils from moving inwards toward the rotor or down into

the slots of the stator, and to prevent the end coils from twisting during start-up.

[0007)  During the manufacturing process, each metal segment is welded to the housing on
either side of the formed slot. Once the wires are wound through the slots, several end coils will
be formed at each end of the stator. For a three-phase motor, three separate wires will be
threaded through the slots to produce three separate bundles of end coils. Each bundle of end
coils representing one of the three phases will be tied to one of the three metal segments with

high temperature string. The high temperature string can be wound through the openings in each



[0011]FIG 3 shows a perspective view of stator slots of the stator
of FIG 3 in the process of being wound. [0012]FIG 4 shows a
sectional view of a stator with netal segnents, in accordance wth
the invention, [0013]FIG 5 shows a top view of the netal segnents
installed in the housing in accordance with the invention.

metal segment and around the end coils for each phase to tie each end coil of that phase to that
metal segment. The independent tying of each phase bundle to a metal segment will thereby
transfer the force and torque to the housing to prevent the end coils of each phase from twisting

during startup, sliding into the slots, and moving inwards towards a rotating rotor.

[0008]  The installation of the metal segments during the manufacturing process allows for a
relatively less labor intensive and less expensive assembly process because the metal segmenis
are easily and quickly welded to the housing. In the past, the stator windings in the slots as well
as the end coils had to be impregnated in varnish to immobilize the end coils. The varnish took
time to cure and could degrade after years of service. Further, the metal segments do not have

the temperature limitations of the varnish, allowing the motor's use in hotter wells.



Detail ed Description of the Invention [00141 Referring to FIG 1, a
typi cal subnersible ESP 10 is shown in which the present invention
can be depl oyed. The ESP 10 can conprise a subnersible electric notor
12, a seal section 14, and a punp 16. The notor 12 conprises a
cylindrical housing 18, a stator 20 nounted within the housing 18,
and a rotor 22 having a rotor shaft 24 to drive the punp 16. The
rotor 22 is concentrically located within the stator and rotates
during operation. The rotor 22 is typically supported by bearings 26
and 28. The notor 12 is filled with oil, such as mneral or synthetic
oil, ina conventlon%l Eﬁnner The shaft 24 has a section ext endi ng
through pled to the shaft of punp 16, Seal
section 14 al so contains oil. and a&g?nnodates expansi on and

cont r act 0B8] of "ithe BPYS FAPLREPTHBEOF T n a conventional manner.
Al ternatively, the expansion and cQ ntrac ion of th il nmot or
can be cl8iPénsdt@éd 515‘9""%3?-956%?3&6&? EI%’HJB ror a’ft@@%?or%be‘rﬁ Pn‘iflbﬁg

refer to FIG 1, the notor 12 may typicall se nDtor

W th t he0BHIat oF G TIPS PSP GH OueH Hp S B8t RESTHRGAET e TPt BF B RhaAt
energi zed. The ESP 10 is typically suspended in the well fluid by
product | FNEBINAg (not shown) threaded onto the upper end of the punp
16, and the pu may di scharge through the production tubing

types of [0ESP udil®st HrowswsPILoRHIUY Ofmhtpioiieh Bepl SPEmPEs. o P%?Olé]ﬁmékﬁﬁ‘pﬁ‘%
of an ESP unit in which the invention may be depl oyed. [00161 FIG 2
shows a mypitieml stator structure as known in the prior art. The
stator structure conprises a stack of steel |ami nations 34 with thick
end | ani i98t31on$1@65 soveppes view of thygnetatsparesatsi iavidlefyn the HaUIREnAEF eMHse
34 are perforated to provide longitudinal slots, such as the slots
$8, di sposketheciventiorf erentially around the stator. Each slot contains
a slot liner 40, thorough which insulated nagnet wi re conductors 42
(FIG 3) are inserted to formstator w ndings. Depending on the
nunber of phases, the pattern of the windings will vary. Tape 44 can
be w apped around the conductors 42 where they energe fromthe sl ot
liners 40 and is usually in the formof a woven glass cloth that

bi nds the enmerging wires together. This provides the conductors 42
with the ability to resist the forces exerted on them during notor
operation. [0017] The conductors 42 thenselves may be netallic wre
wrapped in tape. For exanple copper wire can be wapped in a helical
over | apped fashion with an aromati c polym de tape, such as Kapton.



[0018] Continuing to refer to FIG 2, a coil formng block 46 is
conventionally used to facilitate the form ng of the end coils at
each end of the stator 20, Wedges 48 can be forced down into the
slots 38 after the wires are in place to hold the winding wires in
the slots 38. Further, electrically insulating sleeves 50 can |ine
the interior of the ends of the housing 18 to separate the end coils
fromthe housing 18. Lead wires 52, electrically insulated with
tubi ng 54, can be sol dered or otherw se connected to the conductors
42 that formthe stator w ndings. A connector 56 at the end of each
of the lead wires 52 connects the stator windings to a power cable
(not shd¥ailedDeseriptionnldhe Inventiogn ner stator section if stacked
sections are _used in the notor. The stator_wi ndings and end caqils
woul d t HBH4E Bsirerne BnAlTy!-be fYRiEH é@%ﬁf@?ﬂevﬁ% 105 bate 1 s Biel ot
themduring operation. The present invention elimnates the need for
var ni sh. 0] QoYY panest Eplavey 6 EPE510gan EOTPRIE iPORPBFSIAlY R1EE PPET bt el
12 is illustrated in a side sectional view in accordance with the

i nvent i GACHOThEL #B¢ Grov® $hovime iR He SOEPEGY P rraHRE kR HOEENG, pestator 20
having an i nner surface 51 that may be lined with insul ating sl eeves
50. Coaxieisd vefhipihs sesiiie 18 #nd aveton s e aBtor shagt Ktadrvothe PHing 16. The
ring-like I'am nations 34 that when assenbl ed as shown provide an

i nner bop®er % ictprswiriopiinipcethe withindke stepapinduetirisalurneg werafipe Shakor g is
| am nati ons are conventionally conpressed during fabrication to
creat e aygipaliyngppdriee by deaemes Ratnd2f| Thaghtopdd \A?aflgeda‘@éh At suglhes mivictek ex
end | am nations 36. The thick end | am nations 36 at each end within
housi ng sk8thstigppidrinsa tényewtionglkmernet. arfhpahifoRs hav e sftionsixéapkingfthrough seal
| am nations 32 foins a stator 20 within the notor 12. G rcunferenti al
grooves Bdticar &4 fapd edplad topposhife of mospot 6.t beal stdivor 1426Isamn@mst ik and
i nner surface 51 of the housing 18. Grooves 31 receive a portion of a
r et ai neraccomgodatessaxapsidnngrd3@ntrddtien sridhe pil nig she3Bowngageconhentiena manner.
| am nations 36 to retain the stack of |am nations 34 by coupling the
end | am Aktrhoivsly3te tegpankien hodisomgetid. of[ B0 ]n hhendidricek berdmpensated by an
| am nati ons 36 and stator |am nations 34 have slots 38 through which
Wi res orepontduchanser42 (FIG 3) are wound in a conventional manner.
The wound wires formw ndi ngs that can be energi zed by a supply of

el ect ri c@biguWaneniing tppekdr ed Fidhrigtghmatot Eachay Gypicallg beattreanhase motor, with
alternating electro-magnetic field. In one exanple, a three-phase

not or hagie atasdratiadingavd pepvidighte elkcsd-ohgne88 ficRiswhtowrer gogdy efihd BRRAI10Yis
in FIG 3. During notor 12 operation, the energized wndings turn a
convent i gprbilyskphatcat e wentfiard B2prodlcGon diping ioowsheot)crtdddaatd Yie upper
| ocated wthin the stator 20. The rotor 26 can turn a conventi onal

shaft 24e{dRtGe fuinpt 1, RET fho bimpeiak disti gnhegott peidtcitdneutths kother types of
| ani nations 34 of the stator 20 conprise magnetic steel and may be

i nsul at edsf n.aM @3GIEI0HRSH, By SQNENY ) eNally eRakiMgs of Ih@SPawerinaidch the
upper thick end | ami nations 36 can al so be nade of magneti c steel.

[0021] Contidddizng vtacfiefar to FIG 4, the windings entering and
exiting the stator slots 38 formend coils for each phase. One

CoNt i NUOKR ¥y K18 '25shb'\§§g t§12821 BREN sRHASE a8 MEoWhUShS pSiEP A AlTde Wiat @ StriMohrk
be wound t hrough the slots 38 for a three-phase notor, with each wire

occupyi ngon%!:r?(sué)f'l suaﬁ & gt Qﬁﬁ‘m%o@i& S4 FOK 1exaeRl %mlhaﬂloh@@% £ hpeiients.
one continuous wire forns the end coils 60, 62, 64 which toget her

form a bupgl) £ £5884dREd B @5@@3 @Al b8 den ANAL Bisk:
separategaﬁ¥§ng%%§2gsﬁgh%%8£00|?5970r 72, an %utogether ?orn1a )

second b 9@,%15309&1 ﬁﬂgm%%rltﬁlly around the stator. Each slot contains a slot liner 40, thorough



representing anot her phase. The bundl es can be wapped with a tough
dielectric material to protect the wwres fromchaffing For clarity,
FIG 4 shows only two of the three bundles of end coils. [0022]
During start-up, the | ocked rotor torque experienced by the notor 12
is approximately 3.5 tines nore than running torque. Such forces
cause the end coils to tw st and nove and the wires to nove in the
slots. Further, the end coils tend to nove inward towards the notor.
As explained in the prior art, varnish or epoxy could he used to .
prevent Wiils insppEfeptenst Witheoaigiogo it SFhPIWiTF dseripgo e v stator windings.
impregnating the end coils and wires with varnish is_expensive and
time condwridieg oFdret HERber phPhaseh traratie@npletha fURBNgs; Willt WY oA &Pty can be
degrades over tine. Thus the tenperature limtations of varnish or .
epoxy | iwrappedtieound|the eomdiqien iR rthsre thoemmec Hoa thptlel incant bedde prisie &
[00231lI n an enbodi nent of the notor 12 described herein, a ‘
ci r cunf ehefriabl grogee ebas Flsthf Gpinkiadsothe tamsrging vies Lgehace Bt reTvigendhe
housing 18 to receive a portion of a netal segnment 90. The _
ci r cunf evedicia 4ywislothe abuity to résgt e doraeseixertedmaehat SHNg RO IYTHPEIRI@Nhd
lam nation 36 that is slightly larger than the folded | ength of the
| ar gest @AWY i | condustarhd? dicamplves ofy PeCnetdllic thizet wipRtddinb@pendoe rargple
60 or 70. A portion of the netal segnents 90 projects annularly
i nwar d feoppertwies pamner wsppddamea Bdicelf oveHepphd dashieg With an prophic axdapsiedape,
shown in FIG 5, three netal segnents 90 are shown di sposed
ci rcunf equelntd Ridtgn. Wi t hi n t he groove 94. The netal segnents each have
a hole or slot 92 forned in the portion that projects arnularly
i nwar d. [Thes|matnahuisggrefit © BiGe 2wetdleidmiiog bloek #hiseonentifrade vl toffactliiee
housing 18 at either side of the fornmed slots 92. (0024] As
pr evi ousihy f@xplgadmigdsndeoild & e6d, enb 2f thanttof20.f Biedgea 4B umdbeefonkd down i the
representing one phase. H gh tenperature cord or string 96 such as
Kevl ar wguik ds thenhdeirswounst fidee auighd thhevisliot wid ih theotves I Ruhtberneleclically
segnents 90 and around the bundle fornmed by end coils 60, 62, and 64
insulating sleeves S0 can line the interior of the ends of the housing 18 to separate the end coils

from the housing 18. Lead wires 52, electrically insulated with tubing 54, can be soldered or
otherwise connected to the conductors 42 that form the stator windings. A connector 56 at the
end of each of the lead wires 52 connects the stator windings to a power cable (not shown) or can
connect to another stator section if stacked sections are used in the motor. The stator windings
and end coils would then conventionally be impregnated with varnish to immobilize them during
operation. The present invention elimiﬁates the need for varnish.

[0019] Referring to FIG. 4, a portion of an electric motor 12 is illustrated in a side sectional view
in accordance with the invention. The motor 12 shown includes a cylindrical housing 18 having
an inner surface 51 that may be lined with insulating sleeves 50. Coaxially disposed within the
housing 18 is a stack of thin ring-like laminations 34 that when assembled as shown provide an

inmer bore circumscribing the motor longitudinal axis. The stack of laminations are



(FIG 4) totie the end coils to the netal segnent 90. Simlarly, the
bundl e fon-ned by end coils 70, 72, 74 would be tied to another of
the three netal segnents 90. The third bundle, not shown for clarity,
woul d be tied to the remai ning netal segnment 90. The arrangenent of
nmetal segnents 90, circunferential groove 94 and hi gh tenperature
string is also utilized on the opposite end of the stator 20 to

achi eve the sane results. [0025] In another enbodi nent, nultiple

holes or slots 92 are forned in the nmetal segnents 90 [002 I
anot her RBOMTHAAESEFSHETAE [SEGRGH > 60%E ant B {adr BRLH" Fo] B ouverd

housing 18 with fasteners such_as screws. [0027] Ln certain high .

t enper atagriest g hickgrar tler“E)‘H%tl,onf'régérrh& ﬂE‘ghe“Fié “’W"f%]ﬁ 3? ﬁgeaéﬁggg{)wgﬁng housing
varni sh degrades, thereby allowi ng tw sting of the insulated wres.
Fati gue Ifsupnees Wiersick AS Mo “4s JUE Pt HFEHIOTR fqrap 8 fiRtr QiR the
twisting can thus lead to insulation failure. By replacing t he

var ni sh mpterl 2 heirgsfaientisa grrenesss 1ope duB1GH eHoRRgsithads RhEe e f2aad o1
t he housing 18, and the high tenperature string, the notor can ,
advant ageousijechél gepledyrtng K- hPyRVESHpeeHEdrRoTH| 9T ¢ THrRowRE 717aep ring
limtations associated with varni shed notors and w t hout conprom sing
t he abi 133t yTheonpr evasntd wgeresie eefl Wpinshenmt360p o Bdteelrl Smamdon 1%
in the stator slots 38. The independent tying of each phase bundle to
a separ atoeplmstthd enddgymippitong 66 (g the hewseedBy transfer the force and
torque to the housing 18 via the netal segment 90 to prevent the end
coi | s of [0820 Fhp Hadeenfliominetiving 8§ preyl stiteriLrginglicas Bt pavesiatdi &igropat which@ires
slots, and noving inwards towards the rotating rotor. Preventing the
end coi | & chrdwiors2sFIG) arrovdung it osearehtiond resbor Thopoukevijisias ¥ ingires
sliding into the slots thus can advantageously prevent the failure of
not or s diet dao biepserg@ed by afsapilyee cleftoOR Sjuranh istmpliph BuduspenieibrO Wagedieah
shown in only one of its forms, it should be apparent to those

skil | ed ilrriatiey akttrd-magneiit fiekl. ndt osoeampie, @dthtsathiss seiec bt ¢ blater theving
vari ous changes w thout departing fromthe scope of the iuvention.
CLAI M5 eighteen slots 38, as shown conventionally in FIG. 3. During mofor 12 operation, the energized

windings turn a conventionally fabricated rotor 22 (FIG. 1) shown concentrically located within
the stator 20. The rotor 26 can turn a conventional shaft 24 (FIG. 1) to perform work. In an
embodiment the disks or laminations 34 of the stator 20 comprise magnetic steel and may be
insulated from each other by conventional coatings. The lower and upper thick end laminations
36 can also be made of magnetic steel,

[0021] Continuing to refer to FIG. 4, the windings entering and exiting the stator slots 38 form
end coils for each phase. One continuous wire is used for each phase and thus 3 separate wires
will be wound through the slots 38 for a three-phase motor, with each wire occupying six of the
eighteen slots. For example, in this embodiment, one continuous wire forms the end coils 60, 62,
64 which together form a bundle of end coils representing one phase. Similarly, another separate

wire forms the end coils 70, 72, 74 which togethsr form a second bundle of end coils



Wiat is clainmed is: |I. Anethod for restraining end coils of stator
wi ndi ngs of a notor conprising: a) formng a circunferential groove
in an inner dianmeter of a housing of the notor adjacent an end of the
stator and nounting a retainer in the groove; and b) securing the end
coils to the retainer. 2. The method of claim1l, wherein step a)
conprises adhering the retainer to the inner dianeter of the housing.
3. The nmethod of claim2, wherein step a) conprises welding the

retainer to the inner dianmeter, of the housing. .4. Th t hod of .

claim 1,I6W€Pté‘ignm‘§ﬁ‘€b pg se.%ﬂug & FBsi% GRP g"th rae%“g? e%gll§3 ctéll.PCe mr%&:tﬂg}l 0
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coils.
[0022] During start-up, the locked rotor torque experienced by the motor 12 is approximately 3.5
times more than running torque. Such forces cause the end coils to twist and move and the wires
to move in the slots. Further, the end coils tend to move inward towards the motor. As
explained in the prior art, varnish or epoxy could be used to prevent this movement of the end
coils and wires. However, impregnating the end coils and wires with vamnish is expensive and
time consuming. Further, varnish has temperature limitations and degrades over time. Thus the
temperature limitations of varnish or epoxy limit the well environments into which a motor can

be deployed.

[0023]  In an embodiment of the motor 12 described herein, a circumferential groove 94 is
formed on the inside surface 51 of the housing 18 to receive a portion of a metal segment 90.
The circumferential groove 94 is formed a distance from the thick end lamination 36 that is
slightly larger than the folded length of the largest end coil. In the example of FIG. 4, that would
be end coils 60 or 70. A portion of the metal segments 90 projects annularly inward from the
inner surface 51 of the housing 18. In the example shown in FIG. 5, three metal segments 90 are
shown disposed circumferentially within the groove 94. The metal segments each have a hole or
slot 92 formed in the portion that projects annularly inward. The metal segments are welded to

the inner surface 51 of the housing 18 at either side of the formed slots 92.

[0024] As previously explained, coils 60, 62, and 64 form a bundle of end coils representing one
phase. High temperature cord or string 96 such as Kevlar would then be wound through the slot

92 in one of the metal segments 90 and around the bundle formed by end coils 60, 62, and 64

10



5. The method of claim4, wherein step a) conprises wel ding each of
the metal segnments to the interior of the housing. 6. The nethod of
claim1, wherein step b) conprises tying each end coil to the
retainer with cord. 7. The nmethod of claim 1, wherein steps a) and
b) are performed opposite both ends of the stator. 8. The nethod of
claim1l1, wherein step a) conprises providing the retainer with a

pl uralitybof slots and step (b) conprises tying the end coils to the
ret ai ner ext endi ng_cords through the slots. and. around_ the, end ,
Coi ls. GIC A elbRerne a?ﬂsriﬁtﬂ&rf{lefel%ﬁ@??né%g. imnilanly, tag BEe Porgedyx end coils
mounted within a housing, the stator having a pl uralit%i of slots

ext endi n§> ﬂ%r%d’&ﬁ@h’?e“ngﬁ@?%h%]of ths et etalyscements 90. The third bundle, not shown

for clarity, would be tied to the remaining metal segment 90. The arrangement of metal

segments 90, circumferential groove 94 and high temperature string is also utilized on the
opposite end of the stator 20 to achieve the same results.

[0025] In another embodiment, multiple holes or slots 92 are formed in the metal segments 90.
[0026] In another embodiment, the metal segment 90 can be fastened to the housing 18 with
fasteners such as screws.

[0027] In certain high temperature well conditions, motors can fail when the epoxy or varnish
degrades, thereby allowing twisting of the insulated wires. Fatigue of the wire insulation
associated with this repetitive twisting can thus lead to insulation failure. By replacing the
vammish with the metal segments 90 secured to the inner surface 51 of the housing 18, and the
high temperature string, the motor can advantageously be deployed in high temperature wells
without the limitations associated with varnished motors and without compromising the ability to
prevent undesired movement of the end coils and wires in the stator slots 38. The independent
tying of each phase bundle to a separate metal segment 90 will thereby transfer the force and
torque to the housing 18 via the metal segment 90 to prevent the end coils of each phase frorﬁ
twisting during startup, sliding into the slots, and moving inwards towards the rotating rotor.
Preventing the end coils from twisting, moving toward the rotor, or the wires from sliding into
the slots thus can advantageously prevent the failure of motors due to insulation failure.

[0028] While the invention has been shown in only one of its forms, it should be apparent to
those skilled in the art that it is not so limited but is susceptible to various changes without

departing from the scope of the invention.
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a metal wire threaded through the slots in the stator, the entry and
exit of the wire through the slots formng a plurality of end coils
at each end of the stator; a retainer nounted to an inner dianeter
of the housing adjacent an end of the stator, the retainer conprising
a plurality of apertures spaced cirguRigggentially apart from each

ot her; and wherein the end coils are secured to the retainer by at
| east oneWdet ¢ claimed ésor d passing through a | oop of the end coils and
through at | east one of the plurality of apertures, to prevent
novenent of the eﬂj%coi | s during_operation of the notor. 10. The

mot or of oI AiTAFtE0d ok EsERiRIngfad ceilsHi st vaBding oo fraeo PP g Bt er  Of

the housings) find BQiIRLRYer®h] SofldInn hHEL NEHSONPS #\oﬁi[sﬁlg cﬁ’ the motor

circunferential groove formed Ih the inner dianmeter o ousl ng
and wherei n t Hdjacet ah ped of the srotenamtimpntinge rgivevia. the g@oveThed not or  of
claim11, m@)ersgéu@in%ralee Latahner, is we| ded in the groove.

¢ retainer.
2. The method of claim 1, wherein step a) comprises adhering the retainer to the inner

diameter of the housing.

3. The method of claim 2, wherein step a) comprises welding the retainer to the inner

diameter of the housing.

4. The method of claim 1, wherein step a) comprises positioning three separate metal
segments in the groove; and step b) comprises securing a portion of the end coils to each

of the metal segments.

5. The method of claim 4, wherein step a) comprises welding each of the metal

segments to the interior of the housing.

6. The method of claim 1, wherein step b) comprises tying each end coil to the retainer

with cord.

7. The method of claim 1, wherein steps a) and b) are performed opposite both ends of

the stator.

8. The method of claim 1, wherein step a) comprises providing the retainer with a
plurality of slots and step (b) comprises tying the end coils to the retainer by extending

cords through the slots and around the end coils.

9. An electrical motor, comprising:
a stator rigidly mounted within a housing, the stator having a plurality of slots

extending through the length of the stator;
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13. The nmotor of claim11l, wherein the retainer conprises three
separate nmetal segnments nounted in the groove and spaced
circunferentially around. 14. The notor of claim 13, wherein each
segnent has a slot and the end coils are tied to the segnents by

cords mmapped round..th d coi nd. e in thru the slots. .15,
o o ect 1y eR MR e Ao Rl 0 R SRR e bl el TR wih
housi ng, thivaglsthatsits foaringd prirghtye€endtalst exhendbnN@e klatogugh t he

I ength of the stator; three separate | engths of netal wre
t hreaded t hi GE#RCT REINFdtosan 1ﬁn%rrﬁéa1§%tart rthe Bansinagdiasercagmgli o ghasstator,

sl ots to HecUARIBLBrikE %eplﬂlaﬁt?/%f%b@r@&léé %Le@&%[nfer%ﬁ?aﬂ?%)ﬁﬂ ﬁ%ﬁfjea%ﬁ' t

of the wire through the slots rmng a plurality of end coi
each end aliertdnd stator, the end coils wapped with a hlgh dlelectrlc

material t OWB }netﬁé el%(h 011\’8\"21r essem;clr(@:l(ri1 Lc]d &'lg ré[:tQ eerebn degcieaﬁ! cor I];]lée co&? !aer%gx’tn% r

a first pair O circunteren rooves

of the hal®uplga lédpeoff the $hd péily analf thfugl lafrfeegtefme Ioiﬁltheglﬁlﬁﬁ‘lziﬁ_,so Sipaftds,ao

di st ance agPrOX|nater orrespondi.ng with th ends of the stator;
nt movement of the en coﬂs dur1ng operation of the motor.

10. The motor of claim 9, wherein the retainer is welded to the inner diameter of the

housing.

11. The motor of claim 9, further comprising a circumferential groove formed in the inner

diameter of the housing and wherein the retainer is mounted in the groove.
12. The motor of claim 11, wherein the retainer is welded in the groove.

13. The motor of claim 11, wherein the retainer comprises three separate metal segments

mounted in the groove and spaced circumferentially around.

14. The motor of claim 13, wherein each segment has a slot and the end coils are tied to

the segments by cords wrapped around the end coils and extending thru the slots.

15. An electrical motor, comprising:

a stator rigidly mounted within a housing, the stator having eighteen slots extending
through the length of the stator;

three separate lengths of metal wire threaded through the slots in the stator, each wire
occupying six slots to accommodate three-phase electrical power, the entry and exit of
the wire through the slots forming a plurality of end coils at each end of the stator, the
end coils wrapped with a high dielectric material to protect the wires fanning the end
coils from abrasion;

a first pair of circumferential grooves formed on the inner diameter of the housing,
the first pair of circumferential grooves spaced a distance approximately corresponding

with the ends of the stator;
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a second pair of circunferential grooves fornmed on the inner dianeter
of the housing, the second pair of circunferential grooves spaced a
di stance apart fromeach other that is greater than the length of the
stator; a snap ring positioned within each of the first pair of

circunferenti al rooves, each .of the snhap rings.being in contact . with
cne o Ehe i Randb O SRS ofofiFesdBRFed TR ! Rl SOBE BRbsutY

each havithgseaondpaneigrcamttrgoil gioonadpaded aulidtaiceaparatbin atht biher BaGH
of the second paiA of gi rcunferential grooves, the netal segments
bei ng welS&F tnithelepgtof f5staé9t t he housi ng; and a plurality of

hi gh t enper Al QindtobifgRe MPHIRH chdW AUBD D FaiP PR N8 TFertRia BOBvEEE RN of
segnent and around the end coils for each phase to tie each end coil

of that phasepriogt brang imsoalactseiginenst of thoendnef dbytaprevent the end coil s

of each ph fromtwi sting during startup, .sliding into the slots
and movi ho e ey Phuar SR Hbiis by Bt o8 el b¥ Cpfinhe,
15, wher eimuhfeeentially eaihis eabsaChatseshndi gair & difchsiferpitad @rafves, tthethetad a

first one of the.se nts,.the end_.coils associated with a second
phase ar éegrp‘gﬂs?%nga‘%ggﬁ%w&hﬁﬁ’éerwOfﬁéh&éﬁ%ﬁfl . and the end coils

associ tat ed Wiphhalay oritigh RgReidt &uldg8 dvduddanidibl thOBSenRHes til®ach metal
segnents.
segment and around the end coils for each phase to tie each end coil of that phase to that
metal segment, to thereby prevent the end coils of each phase from twisting during

startup, sliding into the slots, and moving inwards towards a rotating rotor.

16. The motor of claim 15, wherein the end coils associated with a first phase are tied to a
first one of the segments, the end coils associated with a second phase are tied to a second
one of the segments; and the end coils associated with a third phase are tied to a third one

of the segments.
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