END COL TIE DOMNS Field of the Invention [0001] This invention relates in
general to subnersible electric notors, and in particular to restraining
end coils in subnersible electric notors wi thout using varnish. 1 Background
of the Invention [00021 Subnersible electric notors may be utilized to drive
El ectrical Subnersible Punp (ESP) systens used in the production of oil and
water fromwells. Subnersible electric notors are typically conprised of a
housi ng 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 nultiple
netallic lam nations that formthe stator stack. A pair of thick end

| am nati ons, 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 sl ots through which wires are wound in a conventional nmanner and into
whi ch epoxy or varnish can be introduced. The wound wi res form w ndi ngs that
can be energized by a supply of electrical current to create an alternating
el ectro-magnetic field. As the w ndings enter and exit the slots during

t hreadi ng, they formend coils at each end of the stator.

END COIL TIE DOWNS

Field of the Inveﬁtion

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

restraining end coils in submersible electric motors without using varnish.



[00031 In addition to acting as a noisture barrier and providing a | ayer of

i nsul ation, the varnish also supports the weight of the w ndings and
prevents the end coils fromnoving, During operation, varnish acts to
prevent the end coils fromnoving inwards toward the rotor and prevents the
wi ndi ngs from noving down into the slots. However the varnish inpregnation
process is expensive and tinme consum ng and makes the notor oil |ess
efficient at renmoving heat fromthe windings in the slots and fromthe end
coils. The varnish is also tenperature limted and thus limts the

condi t i onBatlprounthifahe Bnviebtiqfr can be i ntroduced. Further, as the varnish
ages, the varnish can flake and contam nate the notor oil, degrading the

oil's abilj] to. lubricate and .renove heat. Q00 A ne exi.sts for a
techniquek¢@%k E%HFQEQJ%GEW CPP%?V&?@bW%“@Hﬁdﬁﬁ %%%WH&@Igﬂ%@%?aﬁgﬁnﬁbove.
In partic a need exists for a technique to allow for restraining the end
coils wi ﬁ%ﬁﬁﬁﬁw e e PEAdHF IR oLl ) V8 bRV SUOHERBLE Sestid motors
fabrication | ess | abor intensive and |ess tenperature Iimted. The
f ol | owi ng MEABHTHYFamBBIoH S aprdne BridreHe St SpdhirEdyr ofherpiar Is sorsseirienly] 0005]
I n an enbodi nent of the present technique, a notor housing containing the
st at or an#calpdghinitae prtenindean rofe duingtoperation. f Bismaeniedlshwah ednebridesnal
manner, with several netallic

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.

[0003] 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 varnish 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 limited
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.



| am nations formng the stator stack and a thick end |am 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 will push
outward against the retainer rings to prevent the stator from spinning. The
thick end am nations and stator |am nations have slots through which wres
are wound in a conventional manner, formng end coils at each end of the
stator. The wound wires formw ndings that can be energized by a supply of
electrical current to create an alternating el ectro-magnetic field. [0006]

In th' S PW?" ”Enheedrr%%k L%P%”?c@fa ?er ?na%"'%h 6ot Ond MEidaf] d&doglotn*a&n g%’s' ng.

The segnents each have a &t or e cut Into t en1an partially fit
t I f
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prevent th he
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start-up. [00071 Du nuf acturin rocess ach netal segnment is
wet ded | 85 HETRESE HE e P%ﬁfgﬁ%wmg g PRE PoFRPISot . Once the wires are
wound t hrough the slots, several end coils will be fornmed 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
bundl e of end coils representing one of the three phases will be tied to

one of the three netal segnents with high tenperature string. The high
tenperature string can be wound t hrough the openings in each



4 nmetal segnment and around the end coils for each phase to tic each end coi
of that phase to that netal segnent. The independent tying of each phase
bundle to a netal segnment will thereby transfer the force and torque to the
housing to prevent the end coils of each phase fromtw sting dining
startup, sliding into the slots, and noving i nwards towards a rotating
rotor. [00081 The installation of the nmetal segnents during the

manuf acturing process allows for a relatively less |abor intensive and | ess
expensi ve assenbly process because the netal segnents are easily and

qui ckly weledrd & thhmvaets Nng. I n the past, the stator windings in the slots
as well as the end coils had to be inpregnated in varnish to inmobilize the
end coils. The varnish took time to cure and could degrade after years of
servi ce. fpoo3jhery ai bebsthalt o$ @@RaES tebiniqed, ahasier hdubige tenenathy #ator and
limtations of the varnish, allowng the notor's use in hotter wells. 5

Brief Desgfdrphipedvidll, t g B @V gBril0Q09] a kb&senflordN@Wnd, Lyl EddralPhkt@llic an
ESP. [0010] FIG 2 shows a sectional view of a typical prlor art stator for

the ESP Ofamﬂagonslfom[ugg ikl siddrGracB a@@%cl@en@@a[n%?ﬁﬁﬁl'l&%te\i'a?\é‘éc@%n@%?-fh@@ta@ﬂ ots of
the stator of FIG 3 Tn the process of being wound. [0012] FIG 4 shows a

sectional Avﬂaﬁ\%f %talﬂelsltu?gtsp&le\’\ﬂt teBe & (SEGIBN 8ok ol ?n%cs?artﬂasnaﬁ’zﬁ n\f\"phge.tﬂg

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 housing. 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



invention, [0013] FIG 5 shows a top view of the netal segnents installed in
the housing, in accordance wth the invention, 6 Detail ed Description of
the Invention [0014] Referring to FIG 1, a typical subnersible ESP 10 is
shown in which the present invention can be deployed. 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
t he 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
oper at i onnetFgemettgpd und thetopp iceitsl oy cashppese tietic Bichisad coihghthpiephaprio 28t The
notor 12 is filled with oil, such as mneral or synthetic oil, in a
convent i onethl seamaeir . ThEhiadephedent Dinghefscagh skast burdle s eniah gegnand ugh thoesay
section 14 and coupled to the shaft of punp 16. Seal section 14 also
cont ai ns tpinsfeatid forae eihivopiatie e dxpamsiognevanicthe emt ¢odls bf eavh phase Henoiwisting t he
notor in a conventional manner. Alternatively, the expansion and
cont r act i dningftattiyg sbdihg into fhheloypimrmeéty ibeardopensatredtidiproan expansi on
chanber. [0015] Continuing to refer to FIG 1, the notor 12 may typically be
a three-phase nmotor, with the stator w ndings 30 providing an
el ectro-magnetic field when energized. The ESP 10 is

[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 segments
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.



typically suspended in the well fluid by production tubing (not shown)

t hreaded onto the upper end of the punp 16, and the punp may di scharge

t hrough the production tubing. G her types of ESP units are well known, and
this ESP 10 is only an exanple of an ESP unit in which the invention may be
depl oyed. [0016] FIG 2 shows a typical stator structure as known in the
prior art. The stator structure conprises a stack of steel |am nations 34
with thick end | am nations 36 at opposite ends, Conventionally, the

| am nations 34 are perforated to provide |longitudinal slots, such as the
slots 38, disposed circunferentially around the stator. Each slot contains
a slot liner 40, thorough 7 which insulated magnet wire 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 wapped around the
conductors, 42 where, th rge fromthe slot liners 40 and is usually in

t he forn1jﬁ£§£ﬁ%§5§-§%§é¥i§iﬁh&%hat bi nds the emerging wires together. This
provi des t 0 rs 42 with the ghility to resist the forces exerted on
t hem duri QNWbtoPﬁgﬁé QW?%Hm“?Uﬁ¥1?TE$Re conductors 42 thensel ves may be
netallic wire w in tape, For exanple copper wire can be wapped in a
hel i cal od@@lloéppgﬁ)fzaﬁélﬁ‘i"‘bﬁswl’?%l HEV D & RREREPTHE Y ks fardhrelSP ofifdl: hs Kapt on.
[0018] Continuing to refer to FIG 2, a coil forming block 46 is

convent i o811y uEE4 Stsbovae perpregiie 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 metal segments, in accordance with the
invention.

[10013]  FIG. 5 shows a top view of the metal segments installed in the housing, in accordance

with the mvention.



the formng of the end coils at each end of the stator 20. Wdges 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 line the interior of the ends of the housing 18 to separate the end
coils fromthe housing 18. Lead wres 52, electrically insulated with
tubing 54, can be soldered or otherw se connected to the conductors 42 that
fond the stator w ndings. A connector 56 at the end of each of the |ead
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 notor.
The stator windings a ul end coils would then conventionally be inpregnated
wi t h var niDstriled Diesaripitioh io? thetlhesmtidnr i Nng  operation. The present invention
elimnates the need for varnish. [00191 Referring to FIG 4, a portion of an

el ectric powioyRARring thl FIGStIr at 8@ican s@nferdige TRt i ®nakhot LMW whﬁbham@qfr@b@ﬁtce
with the invention. The notor 12 shown includes a cylindrical housing 18

havi ng  amveR@rcas befia ﬁl@ye@l TIRALSTTRY checdmiphied o Witersi B Widticndo 8t €£Ve$a90.
Coaxi al Iy disposed within the housing 18 is a stack of thin ring- 1 ke

l'am nat i oR&tidf 1hhatla whempasserhl %t&‘sns&%’ﬁﬁs&r P\ Ggirien hduE‘lﬂgrwars@ator 20

circunscri bi ng the notor | ongi tudi nal axis. The stack of |'ani nations are 8

conventi Olﬂ%ll ht)éd %Hﬂrtﬁ"es%gm YK, i 48d a I‘@tplr %‘ 1%&111%% b @r aﬁ%tll%o arl%otﬁéglgnﬁr#(eﬂaor ce

that will push outward against the t am nat 1 ons i ck

end | ani nail,ons; 36, he £AEN0R Wil NOHSHIG:ABaSHEROLE S0l P Shack, of

| am nat i ons stac nati ons or s

typically supported by bearings 26 and 28. The motor 12 is filled with oil, such as mineral or
synthetic oil, in a conventional manner, The shaft 24 has a section extending through seal
section 14 and coupled to the shaft of pump 16. Seal section 14 also contains oil and
accommodates expansion and contraction of the oil in the motor in a conventional manner.
Alternatively, the expansion and contraction of the oil in the motor can be compensated by an
expansion chamber.

[0615] Continuing to refer to FIG. 1, the motor 12 may typically be a three-phase mo‘tor, with
the stator windings 30 providing an electro-magnetic field when energized. The ESP 10 is
typically suspended in the well fluid by production tubing (not shown) threaded onto the upper
end of the pump 16, and the pump may discharge through the production tubing. Other types of
ESP units are well known, and this ESP 10 is only an example of an ESP unit in which the
invention may be deployed.

[0016] FIG. 2 shows a typical stator structure as known in the prior art. The stator structure
comprises a stack of steel laminations 34 with thick end laminations 36 at opposite ends.
Conventionally, the laminations 34 are perforated to provide longitudinal slots, such as the slots

38, disposed circumferentially around the stator. Each slot contains a slot liner 40, thorough



notor 12. Circunferential grooves 31 are forned at opposite ends of the
stator 20 and on the inner surface 51 of the housing 18. G ooves 31 receive
a portion of a retainer ring or snap ring 33. The snap rings 33 engage the
end am nations 36 to retain the stack of |am nations 34 by coupling the
end |l am nations 36 to the housing 18. [0020] The thick end | am nations 36
and stator |am nations 34 have slots 38 through which wires or conductors
42 (FIG 3) are wound in a conventional manner. The wound wires form

wi ndi ngs that can be energized by a supply of electrical current supplied

t hr ough awheadnifaitd megeatveiranondattber 42atilig 3¢laec imsatamgnimcstftorelvthdidga one
exanpl e, a three-phase notor has a stator having cigncten slots 38, as shown
convent i oDapdnylingronFh&nuidiberDuf pHages Mk Qatidi? kY atddorys wileasner giczedcanwiendi ngs
turn a conventionally fabricated rotor 22 (FIG 1) shown concentrically

| ocat ed Wwiidpped aloli@l Sik abaduc®es 47THBerk @ie§lemBeCiadin tHer sbtaine@NVERt ioRabshaf t 24
(FIG 1) to performwork. In an enbodinent the disks or |am nations 34 of

the stat ofme2frs YIRS WeRnBERENE 15k 88lds and eﬁaigmlgewuésnt%gét@éredl fid ?Wvﬁf@? kot her
by conventional coatings. The |l ower and upper thick end | am nations 36 can

al so be nmegdeahsmRanNgthlashiged yem[slqggtao}ce%e@ Yh BYmi Ririb £ B lor roﬁ’ergtlog‘ 4, the

wi ndings entering and exiting the stator slots 38 form end coils for each

phasebeonlv\guu({j]%hh&y&ld s’ B h%m‘s'e?fgeg %%}’ b€ Eﬂlpch@vﬁ‘ MCHHHSM[% S?ﬁag){% joM T es

rough the s ot's ree- p ase not or, gach wire

OCCUpyI ng gw)é 1r]pt Qg bef[%rﬁg‘[)q:)t 8 dn ashefée& é)éer?argﬁeecf( ﬁarmon Wlt'hnant arr]clngatw po(-i)ymlq13 tapk, one

conti nuous

such as Kapton.

{0018] Continuing to refer to FIG. 2, a coil forming block 46 is conventionally used to facilitate
the forming 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
msulating sleeves S50 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
cornnect 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 mner 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

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



64 which together forma bundle of end coils representing one phase.
Simlarly, another separate wre forns the end coils 70, 72, 74 which
toget her forma second bundl e of end coils 9 representing another phase.
The bundl es can be wapped with a tough dielectric material to protect the
wires fromchaffing. For clarity, FIG 4 shows only two of the three bundles
of end coils. 10022] 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 twist and nove and the wires to nove in the
sl ot s. Fatheepticnhidy engresedd Girine fdhricoiony ercithwaprthgt ldwdods tiaheil hpisio putwésl
explained in the prior art, varnish or epoxy could be used to prevent this
novenent efaitshéeelncker end lamimatidnand d. &ae thiddwveed édaminatiops @@ niadacingnd Wehiehdusti | S
and wires with varnish is expensive and tine consruning. Further, varnish

has t enpenatuppertd thektet s Anginaishs d@gTRAQsCkQY &fmihdtizhs 32Tuss & fetor LEWREH &leur €
limtations of varnish or epoxy limt the well environnents into which a

not or canmdgg ideptiRyetsredtQ0ZBbvdsrs 1ahe eMedbi@pbsifentifier MokAtor 18 de e tidbed
herein, a circunferential groove 94 is formed on the inside surface 51 of

the housi ngel@ hoe §1e60hY Bodi0rst i @BoRE 38 rd¥etak poRRIRAL r&Piner 1:ngor snap ring .
circunferential groove 94 is forned a distance fromthe thick end I'amnati on

36 that | 85 hi 8iblohel 35 98kt DVlNEniohledslionGhih AE sthbeof AEARRLADy 0T

In the exanple

coupling the end laminations 36 to the housing 18.

[0020] The thick end laminations 36 and stator laminations 34 have slots 38 through which wires
or conductors 42 (FIG. 3) are wound in a conventional manner. The wound wires form windings
that can be energized by a supply of electrical current supplied through a lead 76 to create an
alternating electro-magnetic field. In one example, a three-phase motor has a stator having
eighteen slots 38, as shown conventionally in FIG. 3. During motor 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 together form a second bundle of end coils



be cud coils 60 or 70. A portion of the nmetal segments 90 projects annularly
inmard fromthe inner surface 51 of the housing 18. In the exanple shown in
FIG 5, three netal segnments 90 are shown disposed circunferentially within
the groove 94. The netal segnents each have a hole or slot 92 forned in the
portion that projects annularly inward. The netal segnents are welded to

the inner surface 51 of the housing 18 at either side of the forned slots
92. ]10024] As previously explained, coils 60, 62, and 64 forma bundl e of
end coils representing one phase. H gh tenperature cord or string 96 such
as Kevl ar rapepg¢rding iaeiherepeundhe hrwilgghean the veiepred With i foughedigdéctiih maresiplato
segnents 90 and around the bundle forned by end coils 60, 62, and 64 10
(PIG 4) pthi@emm@Séndlﬁmﬁhg-ﬁbrﬂm@ynﬂﬁaﬂSBanwﬁYheﬂofﬁﬁﬁt@amh@ksthMbundle
formed by end coils 70, 72, 74 would be tied to another of the three netal
segnents 8@ls. The third bundle, not shown for clarity, would be tied to the
remai ni ng netal segnment 90. The arrangenent of netal segnents 90,

ci r cunf er @2 jabugteotareuddhedbcke r@br thgnperpaticiced B¢ the Rptdrd2ad §oraxirmdtélzed on
the opposite end of the stator 20 to achieve the sane results, [0025] In

anot her ewhednbRNAban Mbihihg Pr@ehSh@sfotkes Sud Be 921 @il td WisTead ndvd 4R thekids
segnents 90. [0026] In another enbodi nent, the netal segnent 90 can be

fastened tonlhe ihowsipg. 18kt hhe £RSEARCESI SHGhy@SnSEH eWSardf QR2Fbiol N Ager t ai n
hi gh tenperature well conditions, nmotors can fail when the epoxy or varnish
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 varnish 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 thicle 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



degrades, thereby allowng twisting of the insulated wires. Fatigue of the
wWre insulation associated with this repetitive twsting can thus lead to
insulation failure. By replacing the varnish with the netal segnents 90
secured to the inner surface 51 of the housing 18, and the high tenperature
string, the notor can advantageously be deployed in high tenperature wells
w thout the limtations associated with varni shed notors and w t hout

conpromi sing the ability to prevent undesired novenent of the end coils and
wires in the stator slots 38. The independent tying of each phase bundle to
a separ at dFietialo sedaend c@B toitelmatisemhgnt £9.aBisfilarlyt the bisilc raetby ¢rdrogiie t o
the housing 18 via the netal segnent 90 to prevent the end coils of each
phase fr om0, 1274 trionlyl tebuteid ng asittleer b lifhe tistd detalgegmens el thitd hurdi norsuowng
inwards towards the rotating rotor. Preventing the end coils fromtw sting,

movi ng t ovar datitye woatdobe tied tb hiee wéniaxdng el Skgdén POl NThe atbezegleat 6f thtas can
advant ageously prevent the failure of notors due to insulation failure.

[0028] Whigkgméde 90, nyL0Ef@mtARS Jeee D4 ShoWigh RengetyuronRgingfisi s 11288 onl the
shoul d be apparent to those skilled in the art that it is not so limted

but s suspeRit Bheofithe @b LS EhERARSsaMehiald, departing fromthe scope of

the invention, 11 CLAIMS WHAT IS CLAIMED IS: 1. A nethod for restraining

end coil's [9§253 LRk RkmeWeREd digen: OfhuBpRBbRE o6 &t R¥med 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
varnish 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 from
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.
10028] 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) nounting a retainer to an inner dianmeter of a housing of the notor

adj acent an end of the stator; b) securing the end coils to the retainer 2.
The nethod of claim1, wherein step a) conprises adhering the retainer to
the inner dianeter of the housing. 3. The nethod of claim2, wherein step
a) conprises welding the retainer to the inner dianmeter of the housing. 4.
The nmethod of claim1l, wherein step a) conprises formng a circunferenti al
groove in the inner dianmeter of the housing adjacent:an end of the stator
and mounting the retainer in the groove. 5. The nethod of claim4, wherein
step a) conprises positioning three s&hadMSe netal segnents in the groove;
and step b) conprises securing a portion of the end coils to each of the
met al segn@htsl I§ CLARM AR hod of claim5, wherein step a) conprises wel ding
each of the netal segments to the interior of the housing. 7. The nethod of
claim 1, whei.eiimsthepfdo)yescanigics@soilsyl stgoranhingnef wwootor ¢ammpridmer et ai ner with
cord. 8. The nethod of claim1l, wherein steps a) and b) are perforned

opposi te bot h endsowfiing Bestainer to an inner diameter of a housing of the motor adjacent an end of

the stator;

b) securing the end coils to the 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 forming a circumferential groove in
the inner diameter of the housing adjacent an end of the stator and mounting the retainer
in the groove,

5. The method of claim 4, 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.

6. The method of claim 5, wherein step a) comprises welding each of the metal segments to
the interior of the housing.

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

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

stator.
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stator. 12 9. The nethod of claim11, wherein step a) conprises providing the
retainer with a plurality of slots and step (b) conprises tying the end
coils to the retainer by extending cords through the slots and around the
end coils. 10. An electrical notor, conprising: a stator rigidly nmounted
wi thin a housing, the stator having a plurality of slots extending through
the length of the stator; a netal wre 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
i nner di anet & 16 MeHOdREBIEIThE FF A Ert 2) SAMBRTES BoViding 18t wiavier WARE PIURHEY ei n
the end coils are secured to the retainer to prevent novenent during
operation of thaolsndptep (0 compréseprpingrthomdepds hilloetagerepiendhyg cowlsai ner s
wel ded to the inner dianeter of the housing. 12. The notor of claim 10,
further conpri divpgehahelpisand eoerd thakndpodeve Formed in the inner diameter of
the housing and wherein the retainer is nounted in the groove. 13. The notor
of claim 12, liwer@é¢aridahmotoetcaimpasings wel ded i n t he groove.
a stator rigidly mounted within a housing, the stator having a plurality of slots extending
through the length of the stator;
a metal wire threaded through the slots in the stator, the entry and exit of the wire through
the slots forming a plurality of end coils at each end of the stator;
a retainer mounted to an inner diameter of the housing adjacent an end of the stator; and
wherein the end coils are secured to the retainer to prevent movement during operation of
the motor.
11. The motor of claim 10, wherein the retainer is welded to the inner diameter of the
housing,.
12. The motor of claim 10, further comprising a circumferential groove formed in the inner
diameter of the housing and wherein the retainer is mounted in the groove.
13. The motor of claim 12, wherein the retainer is welded in the groove.
14. The motor of claim 12, wherein the retainer comprises three separate metal segments
mounted in the groove and spaced circumferentially around.
15. The motor of claim 10, wherein the end coils are tied to the retainer by at least one cord.
16. The motor of claim 14, 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.

17. An electrical motor, comprising:

a stator rigidly mounted within a housing, the stator having eighteen slots extending
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14. The notor of claim 12, wherein the retainer conprises three separate
nmetal segnents nounted in the groove and spaced circunferentially around.
15. The notor of claim 10, wherein the end coils are tied to the retainer by
at | east one cord. 16. The notor of claim 14, wherein each segnent has a
slot and the end coils are tied to the segnents by cords w apped around the
end coils and extending thru the slots. 17. An electrical notor, conprising:
a stator rigidly mounted within a housing, the stator having eighteen slots
extending 13 through the length of the stator; three separate | engths of
metal wre threaded through the slots in the stator, each wire occupying

si x slots tan3cgonpndaherilcuparphase el ectrical power, the entry and exit of
the wre through the slots formng a plurality of end coils at each end of

the stator; thggrgh.cl ﬂeﬁgth%i%{?eﬁﬁ%w th@ad"&d %&@h@h@él&ﬂﬁ ﬂh@ st%Ir 8hdrAlird 0

prot ect the wires formng the end coils from ab ra5|on first pair of

circunt erentolfc@l. y91 E&Vs‘?o?s fo9k: EEf%ﬂnS’d&te e ?Hﬁ@%g&h@éﬁ&%r ekt]? alPUSI B, the

first pair Cunt erenti a grooves space st ance appr oxi mat e y

cor respondi g V\dnoh }%hl% slo?sr}gl%&géné{\l?ahw cflletl% toi a?ga%f) r]rgd ?kﬂée st%or, el nglFsr ential

grooves forne e i nner

wrapped with a high dielectric material to protect the wires formmg the end coils from
abrasion;

a first pair of circumferential grooves formed on the inner diameter of the housing, the
first pair of circumferenﬁal grooves spaced a distance approximately corresponding with the
ends of the stator;

a second pair of circumferential grooves formed on the inner diameter of the housing, the
second pair of circumferential grooves spaced a distance apart from each other that is greater
than the length of the stator;

a snap ring positioned within each of the first pair of circumferential grooves, each of the
snap rings being in contact with one of the ends of the stator;
| three arc-shaped, metal segments, each having an opening and positioned
circumferentially within each of the second pair of circumferential grooves, the metal
segments being welded to the interior of the housing; and

a plurality of high temperature strings wound through the openings in each metal segment
and around the end coils for each phase to tie each end coil of that phase to that metal
segment, fo thereby prevent the end coils of each phase from twisting during startup, sliding
into the slots, and moving inwards towards a rotating rotor.

18. The motor of claim 17, 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
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second pair of circunferential grooves spaced a distance apart from each
other that is greater than the length of the stator; a snap ring positioned
within each of the first pair of circunferential grooves, each of the snap
rings being in contact with one of the ends of the stator; three arc-shaped,
nmetal segnents, each having an opening and positioned circunferentially
within each of the second pair of circunferential grooves, the netal
segnents being welded to the interior of the housing; and a plurality of

hi gh tenperature strings wound through the openings in each netal segnent
and around the end coils for each phase to tie each end coil of that phase
to that metal onseapEREmeke @iy cRlsemetatdd@inenehire hass arfiicaachmmpaase from
twisting during startup, sliding into the slots, and noving inwards towards
a rotating robQforl8segtisnotor of claim17, wherein the end coils
associated with a first phase are tied to a first one of the segnments, the
end coils associated with a second phase are tied to a second 14 one of the
segnents; and the and coils associated with a third phase are tied to a
third one of the. segnents. 15
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