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[0001] Electric nmotors for vehicles need to have high efficiency to
conserve power. Furthernore, in vehicles, and in particular in aerial
vehi cl es,wbi2gtwosemiight and conpact electric notors are atcswsdesiossls e.
Thus, ironless notors are often used ®hich can provide the benefit of no
iron | osses due to changing flux direction. [0002] Motors are normally
rated for the peak power and efficiency of the notor. In sone applications,
high part |oad efficiency is desiggg %gbﬁg is high efficiency when nmachi ne
is |loaded at a partial load, i.e. I%; me ot her percent. [0003] What is
needed is ;'Jr{bdvd_lf]er efflici@ncy gorpact Mt ok eni SYMM ARY:J 0004 i 0ne gn
possi bl e enbodi nent, a notor winding is provided that has a high density
mul t i -sddnducnay i ¢ echupdlee corpeirsed Bfr tdunipacteod Lt vepiicées| 0005] Im one
possi bl e .i.npl.enent at i on, h for.f i ng.a,notor, winding i r.ovi ded
i oh 1 U0ee orbricsiag Touvson v a0t APidaTosibaccar Ll £ e na
for m ng ddies vd i aigs M didas 1 heb tonpached, Litandese. mBRbEE BESCRIFREHON & THE
DRAW NGS [ 0006] The features and advantages of the present invention wll
be bettercturichet sE 0w t hFe§2PGitd e FOI10W ngodeser PPEi &R,
cl ai mss1,andy;accapRaNyi ng drawi ngs where: [0007] FIG 1 shows a sinplified
expl oded perspective view of an exanple notor. [0008] FIG 2 shows a
sinmplified [(XY- sectMadrals side wpemedlyvt Wetrot drooftid Gedkalbongri tasid
| ongl te i%ailenac)g/l sci%OQRg] m'c:DIth}r .3 S?gwsso?neSIa plllifclaecdiéanesr,spk?lccgflvga\ftevio%fd the
efficiency 1is desired, which is high efficiency when machine is

loaded at a partial load, i.e. 15% or some other percent.

[0003] What 1is needed 1is a higher efficiency compact
motor.
SUMMARY
[0004] In one possible embodiment, a motor winding 1is

provided that has a high density multi-conductor wire bundle
comprised of compacted Litz wire.

[0005] In one possible dimplementation, a method for
forming a motor winding is provided which includes compressing a
Litz wire to form a compacted Litz wire and forming the winding

with the compacted Litz wire.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] The features and advantages of the present
invention will be better understood with regard to the following
description, appended claims, and accompanying drawings where:
[0007] FIG. 1 shows a simplified exploded perspective
view of an example motor.
[0008] FIG. 2 shows a simplified cross-sectional side

view of the motor of FIG. 1 along its longitudinal axis.



stator having a winding. [00010] FIG 4 shows a sinplified cross section of
the stator of FIG 3 . [00011]] FIG 5 shows a sinplified cross section of a
Litz w r ewbuntlms674100012] FIG 6 shows a sinplified cro®PeTASCE09068106
conpacted Litz wire bundle. [00013] FBGS. 7 and 7A show a sinplified
exanple of a plain winding in top and cross sectional views, respectively.
[00014] FIG 8 is a sinplified illustration of a nonwoven three phase

winding. [Q FIG_9.is,asinplified illustration of .a woven thre hase
W ndi ng. [ OQOR i GF Ty 3t | PrBRLEFTaS: PRFRBRCOE TS Cuetiaydy 1Y

w ndi ng.5 {O0QLA): K G M}jr@iirﬁ.a sinplified top view of an exanple wire

bendi ng tool. [00018] FIG Bis asinplified side view of a mandrel of
FIG H A all®®9k0e HELE | neshofvsrl & sHAP[IGOEID] CFPES. SEZA I@d 22B tSifow
simplified top yigews pf bending jigs. [00020] FIGS. 13 and 14 show
sinplitied top viiews of bending jigs illustrating alternate inplenmentations
for reversiffoalid di reId.i d diotheawsieslif0002¢foFEGsetbishows @ Litz
sinplified perspective view of a pressing tool. [00022] FIG 16 shows a

per speCti EUWi%G -of a bent Litz wire after conpacting in the pressing tool

of FIG 15.{%‘@@]PT|@‘_{'G. 6 shows a simplified cross section of
compacted Litz wire bundle.

[00013] FIGS. 7 and 7A show a simplified example of a
plain winding in top and cross sectional views, respectively.

[00014] FIG. 8 is a simplified illustration of a non-
woven three phase winding.

[00015] FIG. 9 is a simplified illustration of a woven
three phase winding.

[00016] FIG. 10 is a simplified illustration of a two-
layer winding.

[00017] FIG. 11A is a simplified top view of an example
wire bending tool.

[00018] FIG. 11B is a simplified side view of a mandrel
of FIG. 11A along the 11B—11B line of FIG. 11A.

[00019] FIGS. 12A and 12B show simplified top views of
bending jigs.

[00020] FIGS. 13 and 14 show simplified top views of
bending Jjigs illustrating alternate implementations for
reversing the direction of the wires.

[00021] FIG. 15 shows a simplified perspective view of a
pressing tool.

[00022] FIG. 16 shows a perspective view of a bent Litz

wire after compacting in the pressing tool of FIG. 15.



[00023] FIG 1 shows a sinplified exploded perspective view of an exanple
notor 10 along axis 22. A stator 40 is secured to a housing 60. |Inner rotor
50 and ouwvenorwi3erss 30 are secured to each ot her and surcoarsdomiossisé at or
40. An optional propeller hub 75, inté which propeller blades 70 are
nmounted, is secured to the inner rotor 50. The propeller hub 75 rotatably
nmounts on the spindle 65 with bearings 16 and 18. The bearings 16 and 18
are retained by retainers 2 0 an%%@}gj{c er 12. [00024] FIG 2 shows a
sinplified cross-sectional side ¥ motor 10 of FIG 1 al ong its

| ongi t udi nglocd3y 22.FrIhe st atwsyw40 d sshppat edebet Meeno NBYNQIS P2 and,H5 of
the inner and outer rotors 50 and 30, respectively. The propeller hub 75 is
bonded it t A€ iathefXppPoe Vikitehr i $0r ot el pxasunted orit e adpimdie 6% The

spi ndl e y. be f.abrjcat ed, of n_fihercgr her i I erjal.
[Ooozﬂe%sré&afosh%v\kgg%élm C|)Ti eglg%%?sﬁélé ?vgevﬁg\%iv %fltt%%et@?g?gr BBO ahrgevi ng
a W ndiqugdhl dheewcndion@ed5 drsl encasednaM thien stthe ost adt®@r 40n Gaaliocrghlf i ns
42 and 44 are bonded to the front and back stator yoke portions 43f and

43b, FESPEECHiSFelYP [ 000267 EFI @1 2R shoRBe Al sF Bl PEFEd 'Er 658 SEEHIGH of % he

stators49,,0fq H & 8- 1The Mnding 46, hasia qomyessed gept ral 1 8giQm145C.
The winding 45 is conpressed in the central region 45c so that nore

condugtcom treat®r i die ofpihelei Adi mg t45 hearr vyl lacedndet heen Thive regnetss 35
and 9.4 90 4 0 BaN G L), a1 39, ety ot condued o ean b |ocat ed
i ncreased nupoR4]c fiEdal seresigihsi m t Bempilading 45rod - tddsi@mbodistent, it
s no&ﬁﬂ%ﬁﬁ?Eag et%%%o&h%qugg é?g.oa 2ﬁ%ﬁgr¥¥£glggg?ngiggl axis 22.
The stator 40 is located between magnets 35 and 55 of the inner
and outer rotors 50 and 30, respectively. The propeller hub 75
is bonded to the inner rotor which is rotatably mounted on the
spindle 65. The spindle 65 may be fabricated of carbon fiber or
other suitable material.

[00025] FIG. 3 shows a simplified perspective view of the
stator 40 having a winding 45. The winding 45 is encased within
the stator 40. Cooling fins 42 and 44 are bonded to the front
and back stator yoke portions 43f and 43b, respectively.

[00026] FIG. 4 shows a simplified cross section of the
stator 40 of FIG. 3. The winding 45 has a compressed central
region 45c. The winding 45 is compressed in the central region
45¢c so that more conductor material of the winding 45 can be
placed between the magnets 35 and 55 (shown in phantom line) and
so that more conductor can be located closer to the magnets 35
and 55 of the rotors 30 and 50 to provide increased magnetic
field strength in the winding 45. In this embodiment, it is not
necessary that the ends 45e¢ of the winding 45 also be
compressed. This is because the ends 45e of the winding 45 do

not pass between the magnets 35 and 55 of the rotors 30 and 50.



conpressed. This is because the ends 45e of the wi nding 45 do not pass

bet ween the magnets 35 and 55 of the rotors 30 and 50.[00027] In accordance
wi t h variwoosniBediinents, for both axial and radial irorcCEAS20090538106

per manent magnet machi nes, the w ndin§ 45 shoul d have a hi gh packing
density to mnimze |2R | osses and a construction that m nimzes eddy

| osses. The nmagnets 35 and 55 in the rotor 30 and 50 pass over/under a

central actjy gion 45c of the stator w nding 45, and not over/under the
edges 450 dORIT It atlst SFTCFHEF4S. “Thils T4 VAT | SURS SO FrentsT the

acti ve,ieadl Ahd#oSea@fat herwh ndingp 4, shoubd rhavenas niveh tCanductels, it
copper, as possible in the volume of the active region 45c. [00028] so,
i n vardiggsineivbodi miend d theved adilngusrshbund e Hiyghtei gildiimizso ihat

t he wi,ndj 4 oes n fl nd ,cant .t h gn 3 5, and to
adequajtrgjce%s;rlgé Wi tfé1 ﬁgt a%d ?(%1%9 W?\ﬁ%@t S%hna%voﬁ%téldéné%ggg ggggcig %%Iegbr cesr&.cél “The
w ndi ngpA=tss efdclasedsbn an suibicabletoat 630 abndsueh assepoxyer [ 00828] dor

nost enbodi nents, ~.as excessive heat can damage the magnets 35 and 55, the
wi ndi 1§45 ShodFE 1 EFs o $EVE a XP6w P herth® PRPEAANCE! Actioro ¢he not

peri pheral / woks PERLT QRgeA3f180d 430150 that heali i gi.gasuby refpyed tig
i nhibit excessive tenperature rise within the notor 10. In various
enbodiveentsis t Aebwidndengsi s Ecasedive arediermalby cohdddte veindtegi &S to
transfer heat, avay tromthe winding 45 to the cooling fins 4z and 44.yia
the fromt andh%ack yoke por?lons " and 43€,ppgspec |V%?y. us, in'sone
enbodivEning dhehd didigrdrds encased in epoxy mxed wwth a thermally
conductive filler such as al um num oxi de, boron nitride, or other materi al
t hat pronnt%gnﬁgﬁt tggﬁgﬁer}n various embodiments, the winding 5
should have high rigidity so that the winding 45 does not
deflect and contact the magnets 35 or 55, and to adequately
withstand the turn-to-turn voltages and associated forces. The
winding 45 is enclosed in a suitable material, such as epoxy.
[00029] For most embodiments, as excessive heat can
damage the magnets 35 and 55, the winding 45 should also have a
low thermal impedance contact to the peripheral vyoke portions
43f and 43b so that heat is easily removed to inhibit excessive
temperature rise within the motor 10. In various embodiments,
the winding is encased in a thermally conductive material to
transfer heat away from the winding 45 to the cooling fins 42
and 44 wvia the front and back vyoke portions 43f and 43b,
respectively. Thus, 1in some embodiments, the winding 45 1is
encased in epoxy mixed with a thermally conductive filler such
as aluminum oxide, Dboron nitride, or other material that
promotes heat transfer.
[00030] Turning to FIG. 5, to minimize eddy losses, Litz
wire 500 may be used for the winding 45 (FIG. 3). FIG. 5 shows
a simplified cross section of a Litz wire bundle 500. One

source for Litz wire 1is New England Wire Technologies, of

Lisbon, NH, www.newenglandwire.com, which is distributed by



[00030] Turning to FIG 5, to mnimze eddy |osses, Litz wire 500 may be
used for the winding 45 (FIG 3 ) . FIG 5 shows a sinplified cross section
of a Litzwoiom/d3emadl e 500. One source for Litz wire i s RewuSeghassiioN re
Technol ogi es, of Lisbon, NH, www. newefigl andwi re.com which is distributed
byCooner Wre conpany, in Chatsworth, CA ww.coonerwre.com Litz wire 500
is a bundle of small conductor wires 510, insulated 515 from each ot her,

and braided. Litz wire 500 is braided to allow each wire 510 to i nt er act

with t%é’%e%agcé)%%tl cTF i SN TSV Hrme, o tHEE G AR i Thge

devel aps AcrOss eagty Wire. alhigmddnki bidss woldiages @ndiaonducti ey between
the individual wires 510. [00031] Turning to FIG 6 , in various

enbodilmemtisitach $upt Aepm mprdvecperfor manceratedi t z luitire BOE oPOPIGS 5 s
Cpnpa%%%%xﬁ§ilo éﬁ é% % éﬁ £1£% glgzggbehgggahg ﬁhgh %hesf%SETg%ég%#§ﬂ

W res are roun ave spaces ween the wres he Cconpact ed
Litz wagdsa0Q: OElE[LG @ver hasLng;,eaeby tlegucethespaainag 620t Het werivdllvgaM res
610. Thus, the conductor densi ty iis.greater. [00032] The conpacted Litz

wire GO0y B UsEE S0 fORhTt hBRWH Pn@’o&ﬁa@PﬁGa@ FOndpRd 1ot PSETET600,

w th mydipleJiagket ed K15 gonductors 610 are nutual ly tw sted and
conpressed to produce conductors 610 having a cross section that m nim zes

voi ds 620, [iQO_é)31r]ectéfwgmia¥g cﬁ@ssFEGetiﬁ)n é@ndu@té@g%l@nbwqim@ts, to

oo oA fehie 0T Bt ) DAY T, B8, 509 T pragpntped

whi ch dasndae dengs h i0vers twhiteld eachrligndlé. under goeswa canmEES e 860 tdrgr ee

tmnSt1Jé¥¥¥gﬂaflgyégg %%dq;%i Zo%gg.gg ﬁﬁ@ghs%gggﬁﬂggg'ﬁéﬁgeen the
wires 510. The compacted Litz wire 600 of FIG. 6, has greatly
reduced spacing 620 between the wires 610. Thus, the conductor
density i1s greater.

[00032] The compacted Litz wire 600 may be used to form
the winding 45 (FIG. 3). The Litz wire 600, with multiple
jacketed 615 conductors 610 are mutually twisted and compressed
to produce conductors 610 having a cross section that minimizes
voids 620, 1i.e. rectangular cross section conductors 610. In
one embodiment, Litz wire 500 (FIG. 5) having bundles 500 of one
hundred conductors 510 (FIG. 5) is used. A key parameter is the
“bundle pitch” - which is the 1length over which each bundle
undergoes a complete 360 degree twist.

[00033] Turning to FIGS. 7 and 7A, which show simplified
example of a plain winding 745 in top and cross sectional views,
respectively. For some embodiments, the bundle pitch should be
equal to approximately twice the end 745e turn length Le.. When
this relation is maintained, end turns 745e can be formed with
minimal distortion and the forming process is least difficult.

[00034] Typically, the wire 745 thickness (t) is 1less

than the width (w). As such, a special bending jig is require



exanple of a plain wnding 745 in top and cross sectional views,
respectively. For sone enbodi nents, the bundle pitch should be equal to
appr oxi mawel2gioiosbe t he end 745e turn length Let . WhenPpchius2o0elosgiion i s
mai nt ai ned, end turns 745e can be forfmed with mninmal distortion and the
formng process is least difficult. [00034] Typically, the wire 745
thickness (t) is less than the wwdth (w) . As such, a special bending jig

is requirewhich constrains the conductog . "in plang" ile the bend is
ool § L T006957 LRRGSS HDE and VR e 511 dolTFs od NNt FAE OESt oo
possi bl 1iingd ementation in a process for formng an enbodi nent of the
wi ndi ng. For both axial and radial designs, in sone inplenentations the

first step 09GP or FGhe 118z ang olEBserpertt i AeMAsiShodn JldvEtgation

Thus, for a W ndj t | t t.hree s%gg condu S 745 . t be
for rreo?.fo[ C’)aOO%éj]DS rL?L??%Teor m qgémseglrtﬁgﬁl%ﬁlne lgjun e eﬁ%e E%Ot%rz vﬁor%% iagl
pl ace catvcalibend ngf t @bk i0Qinel.anpedr apdhbenialAfied beddiang,dddidrss,

renoved fromthe bending tool and placed in a press. The press conpacts the
cent r ai? rEgion HBET e U1 ZE0E r & bUhdPECB0OS ( EPGEC5CR (-8 prlavizde te

conpr essed-va ndi ng 590 s8BEWN iith E¥@ss7sectinenr i nnH G 8 pnkQRO3AL AfELr
bendi ng and conpressing, the conpressed w nding 845a may be, conbined with
ot her adi nideat cdmEreesseEd: mordlues @456 Andivert 845 dsyneger | appi ng 845 as

shown in FI by aving 945 as shown in FIG .9 ., qr layered 1045 as
shown in Fﬂﬁgoﬁéf] orq&ft O%%thepéFF%%ﬁéjéﬁa %8%%%%agﬁ§n§h5¥ éﬁgﬁ.vfdﬁbSB]

Referrgong 1® FL&Se 8nand Rendiwg esnelwindiong crqddrednd eaehtpol evflras 1
turn and the resulting winding is a single |layer. For a three phase
mjndhﬁiHQ%ﬂgdh%%ejébnﬁ%%?%?% from the "bending tool and placed in a

press. The press compacts the central region 45c of the Litz
wire bundle 500 (FIG. 5) to provide the compressed winding 600
shown in cross section in FIG. 6.

[00037] After Dbending and compressing, the compressed
winding 845a may be, combined with other similar compressed
bundles 845b and/or 845c by overlapping 845 as shown in FIG. 8,
by weaving 945 as shown in FIG. 9, or layered 1045 as shown in
FIG. 10, or with other patterns and combinations of such.

[00038] Referring to FIGS. 8 and 9, for one winding

embodiment, each pole has 1 turn and the resulting winding is a

single layer. For a three phase winding, the three conductors
can be “non-woven” and layered as shown in FIG. 8 or woven - as
shown 1is FIG. 9. Shown in FIG. 8, the compacted Litz wire

winding 845b is placed in phase over compacted Litz wire winding
845a, then compacted Litz wire winding 845c is placed over
compacted Litz wire windings 845b and 845a. No weaving 1is
applied in FIG. 8. In FIG. 9, the compacted Litz wire windings
845a, 845b, and 845c are woven into a single winding 945.

[00039] Embodiments with two turns per pole may be

achieved via the techniques of FIGS. 8 and 9, with six compacted



can be "non-woven" and | ayered as shown in FIG 8 or woven - as shown is
FIG 9 . Shown in FIG 8 , the conpacted Litz wire wnding 845b is pl aced

i n phase woanioosspacted Litz wire wi nding 845a, then comrpaatseaolosdize Wi r e

wi ndi ng 845c is placed over conpactedsLitz wire w ndings 845b and 845a. No
weaving is applied in FIG 8 . In FIG 9 , the conpacted Litz wire w ndi ngs
845a, 845b, and 845c are woven into a single w nding 945. [00039]

Enbodi_nents with tvvo turns per may be achieved via_the technjques of
oo T8 g "8 ¢ Wi e LTSS o GencRatt (3 Wi v At Bgs & egd | Pt he T ace

of threeqiig ntdhe rnRding mayndJiemaidya single |ayer. [00040] Alternatively,
a two-1layer w nding 1045 can be used as shown in FIG 10. The two-I|ayers

provi de t hdOAGdIng #O4B1rted ladiant age t)VFOT?e@M@éd veimiijmﬂ nlBéPgecamd fen
' ncre%ssee egg LULRSund angar §%. Thig.aiy gl%n Zf§a %\?%%é ”téggbﬁ%%glwaz

enbodi IR Chi's embo ment, the wn
845b2, 1oaér5d %écadvamea@@t rbﬂvoveﬂuaad Ieayﬁreﬂrmnbmogeamcbohhomdc&w&csuch

that the wi ndi ngs both weave between the other wi ndings _and between the top

and bc?chothéﬁ‘er%urf®®%4la]reﬂTe Ia%%sscéhjé?r% a6ve Eéﬁnﬁéeéxt%dé’&rﬂflﬁsl ng

i ncr eased Numhers of gonmpacted eHbtoZ-jl\Me%% Wi Egé”%ﬂ@i\/ﬂ@g RIoRQr ti onat el y
reduced widths. Wth this approach 4 , ... 2n nunber” of turns per pole

can be&4dachi evdda | 00042}, Ref@r Bihgot oaJF¢ Gt woaad HBJ flewmiregl tiooltokl00
L1450 0 bl e or PR CRE%er't UrH bertis T14SelSand £5 Wee tre
g whi r urn ends e pt Swire
1145 aldrgnedris@iittgd drid dﬂi&fwemﬁi tsepaiat esnd RO43m lvaddition to the
serpentine bends, in various enbodi nents, the end turns 1145et are tw sted
"out of p|dﬁ@04l] The layer scheme above can be extended by using
increased numbers of compacted Litz wire windings having
proportionately reduced widths. With this approach 4, 6 .. 2n
number of turns per pole can be achieved.

[00042] Referring to FIGS. 11A and 11B, forming tool 1100
allows you to start with a straight wire and keep the central
portions 1145c straight while forming the end turn bends 114bet
and to keep the wire 1145 aligned so that it does not separate.

[00043] In addition to the serpentine bends, in wvarious
embodiments, the end turns 1145et are twisted “out of plane”
such that groups (eg. three) serpentine Litz wires 1145 can nest
together. This allows the central portions 1145c to stack
together more compactly, to reduce the thickness of the stator
40 (FIG. 4) in the central portion 40c (FIG. 4) so that more
conductor can be placed in the stator 40 and fit between the
magnets 35 and 55 of the inner and outer rotors 30 and 50 (FIG.
2).

[00044] As discussed further below, the serpentine wire
1145 is compressed after it is removed from the bending machine
1100. The end turns 1145et may be held within a forming tool

when the center straight portions 1145c are compressed.



such that groups (eg. three) serpentine Litz wires 1145 can nest together.

This allows the central portions 1145c to stack together nore conpactly, to
reduce thwotzhiooisemss of the stator 40 (FIG 4 ) in the eemtusadovpssitié on 40c

(FIG 4 ) so that nore conductor can be placed in the stator 40 and fit

bet ween the magnets 35 and 55 of the inner and outer rotors 30 and 50 (FIG
2 ) . [00044] As discussed further below, the serpentine wire 1145 is

conpressed gfter it is renoved fromt endi machi ne 0. The end turns
1145et may @é)orfleﬁ]d vviPﬁﬁehfraimrgor rritﬁg_ tggggmher}rhtg%e @é’r‘i‘ter}i rai ght pditS ons
1145c jare semrassed. [00045] cRef eerbRg i 9eFlidEBadH Hando HBeql NtoBe end-
i npl enentation, after the serpentine bends are forned, the endturns are

twi st it ofrpl aneiséethatowi r esfcalsenessed/ whared Togrs heFanFl Ge H A

is asinplifjed top view of an exanple wi re bending tool. FIG, HBis a
si npl i SE¢ Y WA vt e Standr EFGilléAoFSFPGSlFQR,llé%Hg LoRe VHBYHB | ia%e of

FI G HA 0046] Turni to FI . an 2B, in one | | enentation, to
Ctor ¢ iR e P RARREY C5orirs: EiRar S8 D50 1 s Lip LRt ST Ra k' Abay
left hal esapbapreowiafi @ ¢f grigQ00.11Bhe 4i@nd208chas B-wa g owsnof cef fremed.

mandrel screw hol es. The hole 1235 placenent will vary depending on the
wi dth1dAthe wire 1245, and the length and width of the nmagnets of the

ol (5, WhoRIeI Ty 2 e o e Tre L Poupan
and secgnénmandrtalcsy, The fdtrastt maaddehgl2HR | sihdghyened forhol dhdrlierad re
1245 11, By ace- L2004 Pt e Bolding fhe At 12595, 8% LRe g 3ty
The jig 1200 has two rows of offset mandrel screw holes. The
hole 1235 placement will vary depending on the width of the wire
1245, and the length and width of the magnets of the rotor(s).
A second mandrel 1211 is screwed into the first left hole in
lower row. The wire 1245 1s inserted into, and extending
between, the first and second mandrels. The first mandrel 1210
is tightened to hold the wire 1245 in place.

[00047] While holding the start 1245s of the wire 1245,
insert U shaped guide 1205 onto wire 1245 and form the wire 1245
around the second mandrel 1211 by hand, pulling with about 25
pounds of force at the same time pulling U shaped guide 1205
around as indicated by arrow 1206 in FIGS. 12A and 12B. In
various embodiments, the wire 1245 is over bent until the wire
1245 touches first mandrel 1210.

[00048] Typically, the insulation surrounding the wire
bundle 1245 will need to be pulled, or smoothen out during/after
each bend, as there will be excess material leftover after each
bend.

[00049] Insert a third mandrel (not shown), and so on,

and continue the same operation until you reach a desired number

of bends, for example 20 bends. Alignment marks may be added to



insert U shaped guide 1205 onto wire 1245 and formthe wire 1245 around the
second mandrel 1211 by hand, pulling with about 25 pounds of force at the
same ti mewpubloagr4 shaped gui de 1205 around as i ndi cat edThs2@088¥1d206 i n
FIGS. 12A and 12B. In various enbodi ments, the wire 1245 is over bent until
the wire 1245 touches first mandrel 1210. [00048] Typically, the insulation

surrounding the wire bundle 1245 wll need to be pulled, or snpothen out
during/after each bend, as.there will be excess material |eftover after
each CYO6049] At LY ¢ et ﬁg}e ShoWw)9 g o1t

cont i nugnHe AR QPefRtdih Ut idhey QU HBaeh & desiged,der of bends, for
exanple 2 0 bends. Alignnment marks may be added tothe centers, or

el sewhere, BRI t s hdavimdidiee idente ffemeveon auhbek GrNeach usect iton | f
the Whg%{tgg%ééh%nee eaved,, [ 00050] t%er{ h&é‘f‘é@f%ést@f %Org@"%ﬂa cheat gun

IS use eat each end’turn, which is then cool € I he shape of
the enthd wms ahters tlecrandrel sardecr emaved.reiherdiendshdarayehes shiaghtdey

squeezed, to over bend while heating, to help maintain the shape of the end
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been added R LUWlEle A deniMt /s dor @an amplarwiindingdde direction of
the wire is reversed so that it goes back on itself. There are two

di fferent nEOdd t hadtftean beubsedientacdompls shhenes d=drl | ustidated G

bendi L0280 SHHATEAGD, TE5paBe I VUYLt | FUBEVRET ng T « BFREFELOn" of

i mpl erent ationsid orevevessi B thetdiiteciden wick hen Wit €s11245 Tard c144%

respe%%hyeg¥ff@?egpowégkggéat%gﬁ EQ§1m£ée1&ii? Egnaccomplish this as
illustrated in FIGS. 13 and 14.

[00052] FIGS. 13 and 14 show simplified top views of
bending jigs 1200 and 1400, respectively, illustrating alternate
implementations for reversing the direction of the wires 1245
and 1445, respectively. As show in FIG. 14, the wire 1445 can
be twisted 180 degrees, illustrated at 1445t. When there 1is
limited space between the mandrels in the different rows, or the
Litz wire 1245 is relatively wide, the implementation of FIG. 13
may be utilized.

[00053] Shown in FIG. 13, there are two holes for
mandrels 1221 and 1222 that are vertically in line, rather than
offset or staggered. A mandrel 1222 with a cut out (not shown)
on the bottom (adjacent the Jjig surface 1200s) may be used to
clear the last winding 1245a, and may also clamp and hold the
last winding 1245a from moving.

[00054] Making two turns in the same direction puts
stress on the wire 1245, so it is advantageous to place as much
bend in the reversing turn around mandrel 1222, for example
about 120 degrees, or more, around mandrel 1222. The wire 1245

may then be loaded again at the front of the bending jig 1200 to

bend the second section. An alignment mark may be placed on the



be tw sted 180 degrees, illustrated at 1445t. Wen there is limted space
between the mandrels in the different rows, or the Litz wire 1245 is

rel ati velwowntesetsme i npl enentation of FIG 13 may be utrchiusees/of0053]
Shown in FIG 13, there are two hol estifor nmandrels 1221 and 1222 that are
vertically in line, rather than offset or staggered. A mandrel 1222 wth a
cut out (not shown) on the bottom (adjacent the jig surface 1200s) nay be

used to cle e Last winding 12453, and . may also cla nd hol d_the | ast
W ndi G 22405 1 o HEV METCTO0B5AT MG 1T (LT L Ehb. Shfte 'dPrect on
puts stressrean sthe vdie 1245t s idhd Hadvant agepus de pl ace as much bend
in the reversing turn around mandrel 1222, for exanple about 120 degrees,
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formng the cojls but before braiding, the central straight portions 1145c
(show‘Fqn}Paf—qtéd %t%avl{b% é@ﬂpP%sE&qw%-h 15295 gn§ T 6P Br&r4 et n(SYess
to forim tihecconmast ed-difac WehepfBQseh KliGh 6tne The and, tuross 1145et {shown
in FIG HA) are not conpressed with the 25 ton press, but do have to fit
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StralghtenEJH%&??Hr%%fﬁfgggﬂ%opog&&?n %%%5C$ﬂ2£% is a simplified
perspective view of a pressing tool 1500, which may be used to
compress and straighten the central straight portion 1645c¢c in a
hydraulic press 1550. Alignment marks may be used to line up
the center of the central straight portion 1545c¢c within the
groove 1500g in the pressing tool 1500. The top plate 1500t has
a rail or tongue 1500r that fits in the groove 1500g and
compresses the central straight portion 1545 within the groove
1500g. In one embodiment, the pressing tool 1500 and press 1550
produce a compacted straight central portion 1645c measuring
approximately .09” thick (t) by no wider than .425” wide (w),
shown in FIG. 16. FIG. 16 shows a perspective view a Litz wire
1645 after compacting in the pressing tool 1500 of FIG. 15.

[00057] Alignment marks may be place on the wire while
in the pressing tool 1500, or after compression to indicate the
compressed central straight portion 1645c to facilitate weaving.
[00058] The compacted Litz wire 600 (FIG. 6), ends up

having higher packing density than the original. It minimizes
the gaps between the individual wires within the Litz wire 600
(FIG. 6). This compacted Litz wire has greater density so that

more copper can fit between the stator and rotar. Further,

because the wire has planar surface it stacks together better



hydraul i c press 1550. Alignnment marks may be used to |line up the center of
the central straight portion 1545¢c within the groove 1500y in the pressing
tool 1500wothm/@epipl ate 1500t has a rail or tongue 150@cCTiusad09fsgise i n the
groove 1500g and conpresses the centr&l straight portion 1545 within the
groove 1500g. In one enbodi nent, the pressing tool 1500 and press 1550
produce a conpacted straight central portion 1645c nmeasuring approxi mately

.09" thick (t). no wi der than..425" w de ( , Shown in FIG 16. F 16
shows W&%réﬁ%%‘%%@esﬁ?i &iTa 17 2 1GFPE T685°4T ¢ gec%%ct?% Fher 6851 ng
tool 1309, afurl! GadSpel 0005 AN EBERAL HARr KSe Mk ohe thl acer s t RgeWidie
while in the pressing tool 1500, or after conpression to indicate the

conpr egged central straight portion 1645c to facilitate weaving. [00058]
The Co”pathdbdd 1 WHES00 't(i? Fig, €q9s up-havi htg?%? packing density
grnal’. It es th S

than the or mnim e gaps bBetween the individual wre
Wt hind heobptiztatye HR0 (Ft& wBre . blhiisesonpactled Lidszad reibas opteat er
density so that nore copper can fit between the stator and rotar. Further,
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so can,he-Pl agedlasess tegether,o.and the bnaided steyct yre Lap benl ogat ed
closer to the magnets across the air gap. [00059] Referring to FIG 17,

af t er alhenniart wire buhdl e i sWeenpactad,nad hehireez wineéihundl exmeycdld y

weaved w tnhE .ot heHlLi t%(wi r.e _bundl £s.. Bent, and .conpa ltnedS !.jﬁ%z Wi re bur]C | es
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19 1Hhbpdthen weading t hheef Midi N@senvefiheat | ¥ oxh@ntivagerhes shuiHdres
(not shown) and wi ndings therein, with nunmber 4 winding in front, then
nunbemu?gﬁﬁi#nnﬂkﬁb%F,2¢h%%d number 3 in back facilitates weaving, in

some implementations.

[00060] FIG. 17 shows and end reversing turns 1745e for
three wires 1745a, 1745b, and 1745c. The wires 1745a, 1745b,
and 1745c can be marked with numbers during the bending for use
in the braiding, for example winding 1745a may be marked as
number 1 on one side and the second section (after the reversing
turn) as number 4. Second coil 1745b will be number 2 and
number 5, third coil 1745c number 3 and number 6.

[00061] The alignment Jjig 1700 aligns the Litz wires
during the weaving process so that turn pitch i1s accurately
defined. Lay the turnaround winding in the first 3 slots on the
alignment Jjig 1700 making sure they are centered. Then lay
windings 1, 2 and 3 1in the next three slots. Then weave by
picking up the shuttle with number 4 and move to the rear of the
stacks. Insert the number 4 winding over the number 1 winding
then the next number 4 turn in the empty slot next to the number
3 winding. Next move shuttle number 5 to the rear, then the
number 5 wire turn lays over the number 2 wire turn, and the
next number 5 wire turn is placed in the slot next to the number

4 wire, and so on.



nunber 1 , nunber 2 , and nunber 3 in back facilitates weaving, in sone

i npl emrentations. [00060] FIG 17 shows and end reversing turns 1745e for
three w rwe 20i04Ba7411745b, and 1745c. The wires 1745a, 1PdShis:emassiTel5c can
be marked with nunbers during the bending for use in the braiding, for
exanpl e wi nding 1745a may be marked as nunber 1 on one side and the second
section (after the reversing turn) as nunber 4 . Second coil 1745b will be

nunber a 5, third coil 1745c nu d nunber [ 00061]
The al i gnaO8BI 1705 aliPhis ‘e T 13 wi'r He Zur LAGSE he SBav R56! o0eds so0
that tigni )t ghds aoedraiely debépednotaynbhe)t ukaar ound paichdichg idydihe
first 3 slots on the alignment jig 1700 nmaking sure they are centered. Then
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nunber 4 w ng over hén t next
t he enptnersiadt, nextht cad heanumibJerccSrw nd;mgthuextemmveuslnt@ttdaﬁe nunia;etecﬁ to
the rear, then the nunber 5 wire turn | ays over the nunber 2 wire turn, and
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novi ng, place the nylon tubes (not shown) over, between, each tang 1776
as theagires 1745al, 1948b, oran@ia<11745dgarefqmatﬂe© edeOBB]DSTheam@vene on

conpact L|tz st tcl with mate such as lacing cord, so that
end tur‘ralcg1 ar e ockedtt ecteher fatinacoméoatmC OJ(trheéjlcoonrrpl eted wi nding can be

handl ed af t[erwanovalctfera@m ahé gprentiefli Gnl/ 0 cddrvexamyewithersegmnde

four lacings total, one on each edge for the end turns, and one on
or alcohol and remove it from the alignment tool 1700 and place
it on a steel hoop (not shown) to support the braided and laced
winding when loading it into the epoxy mold (not shown). Wrap
the braided and laced winding around the hoop with the numbers
facing out and the last 3 turnaround coils laying on top of the
3 finish turns 6, 5 and 4 so that the start and finish are in
the same plane.

[00065] Secure the braided and lace winding to the hoop
with a nylon strap (not show). Tighten the strap until the coil
is uniform and the free ends are in line in the same plane and
lace the free ends with lacing cord, Be sure the central
compressed active regions do not overlap are aligned properly.

[00066] Thermistors may be added in various locations,

including where the turn around coils meet the free ends.

[00067] After the winding is laced, it is put into a mold

and epoxied. For an axial winding, a two-part (clamshell) mold
can be used to epoxy the stitched winding. For a radial
winding, a six-part mold is prossible. This includes one inner

diameter mold, three-piece outer diameter molds, and two face
molds. The potting material should be thermally conductive

epoxy type resin. For example, epoxy doped with boron nitride.



either side of the central conpacted region. [00064] O ean the braided and
| aced winding with acetone or alcohol and renove it fromthe alignnent tool
1700 and wbaem/ist74on a steel hoop (not shown) to suppor crhes2iwassied and

| aced wi ndi ng when loading it into th®g epoxy nold (not shown) . Wap the
brai ded and | aced wi nding around the hoop with the nunbers facing out and
the last 3 turnaround coils laying on top of the 3 finish turns 6 , 5 and 4
so that the start and fini, are in the sane plane. [00065] Secur.e.the
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it istput éemio al0aol(FISnd opoxi ethe Foraanraxiltalafendi g, ia tthe- partding
(clanmshell) nold can be used to epoxy the stitched winding. For a radial
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mol d, threqaycrg outler diagsten,mlds,,andchwe face AOlds.ndbepotidhg
mat eri al should be thermally conductive epoxy type resin. For exanple,

epoxy adgpedngnti’ bor ohani embddiBenod nmigarisdetlast f &1 bertiabflhoudieatore,
expensive, .is lighter .than aluninun1§xide better for _ aeros
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(FIG aA}po)eaorfar;[chees chfat i(:)lrrle4gh%];tsgr "Iitn Iosnet heeml\)/\égidIlnenr?t'bainbgggi%%%XIpeldéces
in the gspecification are not necessarily all referring to the
same embodiment.

[00070] The illustrations and examples provided herein
are for explanatory purposes and are not intended to limit the
scope of the appended claims. This disclosure is to Dbe
considered an exemplification of the principles of the invention
and is not intended to limit the spirit and scope of the
invention and/or claims of the embodiment illustrated.

[00071] Those skilled in the art will make modifications
to the invention for particular applications of the invention.

[00072] The discussion included in this patent is
intended to serve as a basic description. The reader should be
aware that the specific discussion may not explicitly describe
all embodiments possible and alternatives are implicit. Also,
this discussion may not fully explain the generic nature of the
invention and may not explicitly show how each feature or
element can actually be representative or equivalent elements.
Again, these are implicitly included in this disclosure. Where
the invention is described in device-oriented terminology, each

element of the device implicitly performs a function. It should

also be understood that a wvariety of changes may be made without



[00069] It is worthy to note that any reference to "one enbodi nent” or "an
enbodi nent" neans that a particular feature, structure, or characteristic
descri bedwvonomassmaeti on with the enbodi nent may be i ncl ededrseovomassii6

enbodi ment, if desired. The appearances of the phrase "in one enbodi nent"
in various places in the specification are not necessarily all referring to
the sanme enbodi nent. [00070] The illustrations and exanpl es provided herein

are for explanatory purposes and are naot intended to Iimt the scope of the
appendiSP I, L THTS WS CTOSTre® | &1t o- e ABHSTGSPEd At UxehBFTPFSaETo of
the prding plgs: ofithe invendoniangdntsgretriptepdedrhaski Mranighe spinit and
scope of the invention and/or clainms of the enbodiment illustrated. [00071]
Those fgKill Ied-Him tthe @aopd 19f rdkes nodiditdatri-ons to the invention for
particularﬁ)tbta'ati f the jnyenti-on 00 The dj i on 4 ncl.uded
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inmplicitly included in the description. These_changes still fall within the
Scopeqﬂcqrﬁ%gmqﬂﬁwmq%hbe expressed by equivalent apparatus terms even

if only the function or result is the same. Such equivalent,
broader, or even more generic terms should be considered to be
encompassed in the description of each element or action. Such
terms can be substituted where desired to make explicit the
implicitly broad coverage to which this invention is entitled.
It should be understood that all actions may be expressed as a
means for taking that action or as an element which causes that
action. Similarly, each physical element disclosed should be
understood to encompass a disclosure of the action which that
physical element facilitates. Such changes and alternative terms
are to be understood to be explicitly included in the
description.

[00074] Having described this invention in connection
with a number of embodiments, modification will now certainly
suggest itself to those skilled in the art. The example
embodiments herein are not intended to be limiting, wvarious
configurations and combinations of features are possible. As
such, the invention is not limited to the disclosed embodiments,

except as required by the appended claims.



[ 00073] Further, each of the various elenents of the invention and cl ains
may al so be achieved in a variety of manners. This disclosure should be
under st oostot20108B6Mpass each such variation, be it a vaPCcatiseewossiany
apparatus enbodi nent, a nethod enbodiwent, or even nerely a variation of
any element of these. Particularly, it should be understood that as the

di sclosure relates to elenents of the invention, the words for each el enent
may be expressegﬁg%régyi I aratus ternms even if only the function or
result is the s . cﬁﬁéﬂﬁﬁ&hl t, broader, or even nore generic terns
shoul d be considered to be enconpassed in the description of each el enent

or action. Such terns can be substituted where desired to nmake explicit the
i nplicitly lbrodd msdvercaden & Aiiicly tehim Hatventicomd saamyitdied: 1t shoul d be
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action or as an €l ement causes that action. y, each physi cal
el ementirdi;sclmsed shoul d be understood to enconpass a disclosure of the
action which that physical elenment facilitates. Such changes and
alternative termd #EHEDE THAETSIDGPTH ek filiciAPaTa@udedd n the
description . [00074] Having described this invention in connection with a
nunber of enbodi ments, nodification will now certainly suggest itself to
those skilled in the art. The exanpl e enbodi ments herein are not intended

to be l'im tingryariqus, LYW iQurial ionsand comj nations, of, featyres are
possi ble. As such, the inventionis not [imted to the disclose
enbodiarets, seex deptdiagy reeduinrdEe myf tThe zappersdeditcl & e WA Ire CLAI MED | S:
1 . A nethod fqﬁlﬂprning a notor w nding conpri sing:

configura

3. The method of Claim 2, wherein bending the bundle of
Litz wire into a serpentine configuration comprises forming the
winding with a central portion and end turns, and wherein
compressing comprises compressing the central portion of the

winding.

4. The method of Claim 3, further comprising combining

multiple bundles of compacted Litz wire.

5. The method of Claim 4, wherein forming the winding
comprising forming an annular winding after bending,
compressing, and combining the multiple bundles of compacted

Litz wire.

6. The method of Claim 5, wherein forming the winding
comprises encasing the winding in a thermally conductive epoxy

comprising boron nitride.

7. The method of Claim 2, wherein bending the Litz wire

into a serpentine configuration comprises forming the winding



a ) conpressing a Litz wire to forma conpacted Litz wire; and b ) formng
a w nding conprising the conpacted Litz wire . 2 . The nmethod of Claiml ,
wher ei n fworerigsttae wi ndi ng conpri ses bendi ng a bundl e ®CThiSR@INEsI®s i Nt 0 a
serpentine configuration. 3 . The nettiod of Claim2 , wherein bending the
bundle of Litz wire into a serpentine configuration conprises formng the
winding with a central portion and end turns, and wherein conpressing

corrprlse co essi n the centr portion of the winding . 4 . The method
of C &i‘rh % dripriTsi fé%ltrﬂrﬁb@ mﬂ“tciq Ueftﬁi?rifdlcéjénpdfrlsdﬁﬁ?pact ed

Litz \Marle}taimnﬂﬂem@tc@&@fl PR MA i nergighd ol EddiegMid Rahg
conprising formng an annular w nding after bending, conpressing, and

conbi fivigna vartmdft itdlee gl -es of conpacted Litz wire. 6 . The nethod of
Caim5 , wherein formng the winding conprises encasing the wwinding in a
thermal | y conductive epoxy conprising boron nitride. 7 . The nethod of
Claim?2 , Vherdhe beidiasy athe lainy Wi nérgnustion & swryssfiinte owbiigigsat i on

corrprl ses rfeoSrSrrllnn tthhee CWInr]Cdrlarlg a central Qﬂortd .Qn_and end turns, and

furthér C?OITpI‘I Sing mai nt ai ni néjotrgalocnen tl% por Hondn a pl ane and bendi ng
the end turns out of the plane. 8 . The met hod of Claim7 , wherein

conpressi ng, conpri ses .co in tral orti.on of th W|nd| ng. 9 .
The net hod%of gfqal m%h %ff@r 9[1 r| s rnlcg co o|mr1ﬁrnlgSlrl comprnin
multiple bundles of compacted Litz wire.

10. The method of Claim 1, further comprising combining
multiple bundles of compacted Litz wire together to form the

winding.

11. The method of Claim 10, wherein combining multiple
bundles of compacted Litz wire comprises combining the bundles

by at least one of: (a) layering; or (b) weaving.

12. The method of Claim 1, wherein forming the winding

comprises forming an annular winding.

13. The method of Claim 12, wherein forming the winding
comprises encasing the winding in epoxy comprising boron

nitride.

14. The method of Claim 1, wherein forming the winding

comprises encasing the winding in a thermally conductive epoxy.

15. The method of Claim 14, wherein encasing comprising

encasing the winding in epoxy comprising boron nitride.



mul ti pl e bundl es of conpacted Litz wire. 10. The nethod of Caim1l ,
further conprising conbining nultiple bundles of conpacted Litz wre

t oget her wo 20owasst4he wi nding . 11. The met hod of C ai m POT/Ush@9ess116
conmbining nultiple bundl es of conpact®d Litz wire conprises conbining the
bundl es by at |east one of: (a) layering; or (b) weaving. 12. The method of
Claiml , wherein formng the wi nding conprises form ng an annul ar w ndi ng.

13. The method of C ai 2, erein formng the w nding conprises encasing
Lhe wimdi ng hon 2Sg hrin STgUBish n THUT b T PGS of o am 1°,

wherein form ng Hhe MNANG RIS es eneasingd he W ndifagd-deha dhermal |y
conductive epoxy. 15. The nethod of C aim 14, wherein encasing conprising

encasiawg el i tidim g dmp Tesoxyy. corfet teiadg Hsoriorpmiand derdl6.urRsvet hod for
formng a motor bf")" %dd@e%%%“ Sc'h%gfceg»ﬂra*{egfdf]ﬁ%% yndl & of It'oénzpta\%treed Into

a serpentine configuration conprising a central portion and end turns; b )
conpr essigeh e cent ali portumtid;o0 form a conpacted serpentine Litz wire

bundle; ¢ ) conbining nmultiple bundles of conpacted serpentine Litz wre;
and d ) forni ng SAn EHRH"EM S BHI Rl ARGHEohpH S AHE AR Bidnd| es
of compacted.serpgpiine Litz wire. 17. The nmethod of Caim 16, wherein
bendi ng the bundle of Litz wire into a serpentine configuration conprises
mai nt ai ni ng t he erftaralingoran emniml ey pltate and dvlmdi mpntdya semdy tidrens out  of

the p%%n%iple bundles of compacted serpentine Litz wire.

17. The method of Claim 16, wherein bending the bundle of
Litz wire into a serpentine configuration comprises maintaining
the central portion in a plane and bending the end turns out of

the plane.

18. The method of Claim 16, further comprising encasing

the winding in a thermally conductive epoxy.

19. The method of Claim 18, wherein encasing the winding

comprises encasing in epoxy comprising boron nitride.

20. The method of Claim 16, wherein combining multiple
bundles of compacted serpentine Litz wire comprises combining

the bundles by at least one of: (a) layering; or (b) weaving.

21. The method of Claim 20, further comprising encasing

the winding in epoxy comprising boron nitride.

22. The method of Claim 16, wherein forming the motor

winding comprises forming a stator winding.



18. The method of Claim 16, further conprising encasing the winding in a
thermal |y conductive epoxy. 19. The nethod of C aim 18, wherein encasing
t he wi ndiwgQ 200mpBsi43es encasi ng i n epoxy conpri sing bor orcmiuseeodessizd. The
met hod of C aim 16, wherein conbining9mul ti pl e bundl es of conpacted
serpentine Litz wire conprises conbining the bundles by at |east one of:
(a) layering; or (b) weaving. 21. The nethod of C aim 20, further

conpri sing encasing the wi nding in epoxy conpr.ising boron nitr.ide. 22. The
rorhod of Ja P8 e iR TGE A iR b o W dTait [iamgSdS. for mi ng o
st at ofc IMAH NG 23.r AUTRIONe WIAH NG G I SIntth & N ah wdensity ynddiieconduct or

wire bundl e conprising a conpacted Litz wire bundle. 24. The notor w nding
of Claim 23, wherein the conpacted Litz wire bundle conprises a serpentine

configuratixn camy it & iGRA Al Peritdian and LRd diW NSre 23mpke St or
wi nding of Claim24, wherein the central portion is conpacted. 26. The
nmot or Dvitrrdivigr cofouticdliem 2P nikferseien e edritiealc qudritduors texare b riny s iglcane

and tr}je end turns xitoenndano tenoci tthenspl ane . 27. The notor wi nding of Caim
23, whersin tthe fotor Wi I ng urt her’ conprises nmultiple conpacted Litz

wire bundles. 28. The notor wi nding of Caim27, wherein the nultiple

conpacted Ljtz w.re bundles are woyv 29. .The tor. W ndi n f aim 27,
wherein t hleéStrfuI }t%}hpq énot:%@rrrpewc neCIcFﬁ tozfevrz\}lraelnbl%rfldl €5 are ] atyheer e nofﬁq The not or

w ndi re afi dd aignadbmpadiesei n the nultiple conpacted Litz wire bundles are
woven in |ayers.

26. The motor winding of Claim 25, wherein the central
portion extend in a plane and the end turns extend out of the

plane.

27. The motor winding of Claim 23, wherein the motor

winding further comprises multiple compacted Litz wire bundles.

28. The motor winding of Claim 27, wherein the multiple

compacted Litz wire bundles are woven.

29. The motor winding of Claim 27, wherein the multiple

compacted Litz wire bundles are layered.

30. The motor winding of Claim 27, wherein the multiple

compacted Litz wire bundles are woven in layers.

31. The motor winding of Claim 23, wherein the motor

winding is a stator winding.

32. A motor stator winding comprising a high density
multi-conductor winding comprising multiple Litz wire bundles
each comprising a serpentine configuration, each of the multiple

Litz wire bundles comprising a compacted central portion, the



31. The notor winding of Claim23, wherein the notor winding is a stator

w nding. 32. A notor stator w nding conprising a high density

mul t i - corslobwosed4mdi ng conprising nultiple Litz wre beodlussoeassiie
conprising a serpentine configuratiomo each of the nmultiple Litz wire
bundl es conprising a conpacted central portion, thenultiple Litz wire
bundl es being at |east one of: (a) woven; (b) |ayered; or (c) conbinations
thereof, the multiple Litz wire bundl es being encased in a thermall
condudtiVe Fsoxy. - éflrﬁé‘%ﬁlﬁs Sdihg fof- A M"$2,° MihelPei P 4HE 't néYmal |y
conductd & 2PoX CRNPIdces rRariomNidnd de r 34nelhe 1notore wiindi Rg f Caim
32, wherein the each of the multiple Litz wire bundles conprises end turns,
and wherglle s e lgemsactess T ant raalthyomealdns carelugdnieicaldmp=nit hin a pl ane and
wherein the end turns are turn turned out of the plane so as to mnimze a

t hi ckness of the nultiple Litz wire bundles in a central region of the
st at or . 33. The motor winding of Claim 32, wherein the thermally

conductive epoxy comprises boron nitride.

34. The motor winding of Claim 32, wherein the each of the
multiple Litz wire bundles comprises end turns, and wherein the
compacted central portions are generally within a plane and
wherein the end turns are turn turned out of the plane so as to
minimize a thickness of the multiple Litz wire bundles in a

central region of the stator.



