CO L W NDI NG METHODS AND STRUCTURES FOR A SLOTLESS STATOR IN A MOTCR
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CROSS-REFERENCE TO PRIQORITY APPLICATION

[0001] This application claims the benefit ©of U.s.
Provisional Application No. 60/877,373, filed December
28, 2006, which is incorporated herein by reference in

its entirety.

FIELD OF THE INVENTION

{0002] This invention relates to stators Ffor electrically
powered motors. In particular, the invention relates to
methods for forming a polyphase field winding from a
plurality of coil windings for a slotless stator for
alternat-ing current (AC) and direct current (DC) electric

motors and coil winding topologies for such stators.

BACKGROUND OF THE INVENTION

[0003] Motors  conventionally have an annular stator
surrounding a cylindrical inner rotor, and an air gap
between the stator and rotor. The stator typically
includes a field winding f.orrned from conductive coil
windings. There are a plurality of c¢oil windings in the
field winding for a polyphase, e.g., three phase, motors.
BEach coil winding is formed of an insulated conductor,
e.g., a wire, which_ extends back and forth along the
length of the stator. Alternating current through the
coil windings creates a rotating electromagnetic field in
the hollow portion of the cylindrical stator. A rotor in

the stator is turned by the rotating field.



w[0003] Mot ors conventionally have an annul ar stator surrounding a
‘cylindrical inner rotor, and an air gap between the stator and rotor. The

stator typi SE&MM&Q&JUdeS a field winding forned fron1coP€gﬁ%&&ﬁw%%h

wi ndi ngs. ere are a plurality of coil windings in the g for a
pol yphase, e.g., three phase, notors. Each coil winding is forned of an
i nsul ated conductor, e.g., a wire, which extends back and forth along the

length of t oﬁﬁt Yrardht CEHRL | QA LN s t Riopveh il 00l %ﬁﬂgag%gcreat es
a rotating electromagnetic field in the hollow portion of the cylindrical

stator. A roinding tae condoctivet ucpéd (By.t he-Botat MHFehi elddouddo@4] A

stator col ! nAhBHALRY L GRMER LRIA] 3 ndLEITP B WA Mo ORI (24€
coil(s), e.g., wre, around-a mandrel; renoving the mandrel fromthe wound
coil (s); cokbapspaingheheowrdirebi¢g¢s) ($b aoweb,waithd andppirapptibng V&te t o

forma_cylinder to_be included.ln stator. K .t opol qgi.es and, net hods
for mﬁndingwggiFomfﬂﬁ?nﬁscﬁ én8F§C%88é ﬁﬁ?lﬁa%%nﬁ%ighfﬂﬁﬁ§§“3,gf§?5h7;
5,197, 180; %ofddodbos Sertd 9 Tiods 7EHr82%Win6i865, 8831 amihdin®d, 224 There
is along felt need_for slotless stator cqil to$o§ iga @m%;%iﬁﬁigbpethods
that are rePaBFYEF§eddt andUi RexpeHsEMe N6Sperfo ﬁ?' & pr e et/
effective fiehdswipging frem g or . SUNMVARY26F THEs| BWVENTOON [ 00R] Novel

coil windin topolggles and nmethods for winding_coils to formthe field

wi nding, fof: a3 8efesTherat dF i konBl fphasBefbt SLThAACHEET dFatBped.
The coi | wi adi A0S o] ogRWA! Sh@N ARG RS HRtHYdACEnat @rld Welfiiddiy i ng,

and form an annulus around a rotor that is coaxial to the stator and return
ring. Electeosut and foespenspyki & menfeansoiandynidivigie ¢n tekfettive
drive the r%%%?da%igdiﬁgeg 9ng Eggggg dependent on the power of the applied
el ectronoti vé TOr CE. electronotive force is typically a pol yphase
alternating current (AC) voltage, such as a three-phase AC voltage. The
stator fiel d whadin Fi@ﬁgugﬁ§E§T§gﬁarate coil winding for each phase of the
AC vol t age. The coll Wi ndi ng topol ogi esdi scl osed herein are

[0005] Novel coil winding topologies and methods for
winding coils to form the field winding, for a slotless
stator in a polyphase motor have been developed. The coil
windings are mounted on an inside surfa_ce' of a flux
return ring, and form an annulus around a rotor that is
coaxial to the stator and return ring. Electromotive
force, applied to the coil windings of the stator, drive
the rotor at a speed and torque dependent on the power of
the applied electromotive force. The electromotive force
is typically a polyphase alternating current (AC)
voltage, such as a three-phase AC voltage. The stator
field winding includes a separate coil winding for each

rhase of the AC voltage.

[0006] The coil winding topologies disclosed herein are
also applicable for use as a stator in an electrical
generator. The winding methods form multiple coil

windings, e.g., three (A, B, C}), for a polyphase, e.g.,
2



al so applicable for use as a stator in an electrical generator. The w nding
“methods formnultiple coil windings, e.g., three (A B, O, for a

pol yphase, e.g., 2 three-phase, slotless stator. The stator coil w ndings
may be usedVPROW/O8IES | notor for a blower in a sleep apn@QT{USNTHB6AI2

devi ce. [0007] A nethod is disclosed herein for maki ng a pol y-phase field

w ndi ng, such as a three phase field winding, for a slotless stator

i ncluding a_plural]j of ' i ndi rr dJ i L.t cai and a
second coi | COFBaoNERRE MELTOL OmSIerhg: To mtie e Fride werfiadB o by
wi ndi-ng an magulisd edsedr exf oa el lcandtad ndiony ar dlodexr nbmdeel s3aeh t hat

each turn of the wire is %dgacent a next turn of the wire, wherein each

coi | wi ndi n§PPR2t RECRIPSEECBRV*GPoup has substantially the same coil width
when conpl eted and a separation between adjacent coil windings in the first
coil group | di stance subst.anti al ly equal to the w dth of one of the
Compl ot od wiREThBsTeERAE: HoPiEfg FRe MSTEe g™ JRES &i BTy BhrPE! ng

al ong the ngpdigl wiheingsukalcad 2w me Hhr@w pHa= |1 g @dgendingachoeoh!

wi ndi ng a di stancesubstantially_equal to five tinmes the width of ogne of the
conpl et ed wehatAgsst cSHREIE i SACLREIREr & RAVZALALYi R eF§E lof WEREANGE coi |

wi nding in sgﬁaﬁs%anqrpoai £9EQHP cof 8 ity Hen$e50ReeRid &BaUPgRYuW, ndi ng
the insulated wre for each coil w ndi'ng around a_ mandrel such That - each
turn of theswide rethnd] scenprisiest tormiop tthe wiestweeddi oxieh Byl

winding in th (o] :Ql %g)‘gﬁget f Is | ; S antially
t he sane cowﬁﬁgggh%\?\}]g%éc%l%p ete andggﬁlzuerlaé?%]‘1 g:%v:tiln |l(r%*g!ﬂ I re%tclyg%&og t he
second coi | mgndupli ssudte shrt asaah bpposidfke tbheawiimali ng didiestemwn ef the

(1758 corl SRSt A % PoPRLRY:h DGR AR oRS' blefl B0 L0,
the cqnpl et gd reicndidios; gtrenPVitigs t Babeeadeeéhldy the same coil width
when completed and a separation between adjacent coil
windings in the first coil group is a distance
substantially equal to the width of one of the completed
windings; after forming the first Coil group, a:éially
shifting along the mandrel the insulated wire from a
trailing edge of each coil winding a distance
substantially equal to five times the width of one of the
completed windings to position the wires at a leading
edge of each of coil winding in the second coil group;
forming the second coil group by winding the insulated
wire for each coil winding around a mandrel such that
each turn of the wire is adjacent a next turn of the
wir_e, wherein each coil winding in the second coil group
and the first coil group has substantially the same coil
width when completed and wherein a winding direction of
the second coil group is the same as or opposite to a
winding direction of the first coil group and a
separation between adjacent c¢o0il windings in the first
coil group is a distance substantiallly equal to the width

of one. of the completed windings; removing the mandrel
3



fromthe wound first and second coil groups; collapsing the wound first
coi | group and the second coil group to a single |ayer web such that coil

wi ndi ng squ§260§m§5r496m the first coil group interleave be},%ﬁ]@m%%ki ndi ng
segnents of e second coil group, and wapping the singlé l'ayer we |nto a
cylinder to formthe field wi nding. [0008] A poly-phase field w nding, such
as a three-phase field winding, for a slotless stator is disclosed

conpri si ng: 80! ¥hal Wonnef £Didt Wandi Reondc|atlinggrobbEst ceQilargsiagp and a
second coi l 1grou the first coil group inc| udi ng a_first spiral w nding of
an i nsul at eBRRi veuRrd, fiesh €81l Wﬁﬂpnﬁndv\ﬁaﬁe?ﬁ PRE ®Prid PXONBUTP & ound a
mandrel suchihbhet £ %;@rwéﬁ Shchhen¥tr eois adhacagt ségﬂ\@ﬁttst YidrPfeddhe wire
and a gap betvveen adj acent coil windings on the nandrel in the first coil
group is suﬁ%?%ﬁt?@iiygé@mﬁl 1t1‘éea1ﬁpaﬁhb@f:wae@opplw Wanelg nigh SeeEeTitSst
group; the SECRRd Gdondl A1 n&ga&gng RG2S [ahe WeBHRAG Olaydie
insulated wire tor eac coll windn erelnthe W re i s wound around a
mandr el suckebhimteaxhcylimdef toefeimeths Hidlatemndimext turn of the
wire, wherein each coil winding in the second coil group and the first coil
group has substantially the same coil w dth when conpleted, a gap between
adj acent cojdo08} Adlprmgy—@haislee fhatdelwindinige sseomd acoi & grlogeiphase

subst anti al ual .tqQ.a width of a co ndi n t he .secaq r ou and a
wi ndi ng di rg??‘gn Hf‘n B9%sec &V cdt @1’%5#3 %B%g?fe £5 tﬁd;d%?ois E:“%cml
group, and gomprisiligcala wellumedlitdi ngft heotlr stimdihggr olgpcndihtde ssecond
coil group c¢coll apsed. such that ¢oil w ndin gnents fromthe first, coil
‘group are | htEFFeS0al BEPWReRT¢oid %\??ﬂ?‘% 9%’e§n%ﬁ?‘§l’of t?‘ﬁe EndFdi |
group. [0*g8bdpmaiadidiisgdi Sclfased fopireki agnaihbr aef phaseidd@ldted ndi ng
for a slotless stator including a ,three coil w _ndings, said nethod

conpri si ng: W#-é?mfrﬂjf ae2eh | SRidupwnRding. t KEE i | ERendiiFR BY WISg an

I nsul ated whEg,Lar £aglnERkLh V\s;aéhngu?a@uegca nBpgy elo SUghd hgt rgachy turn
of the wire 1s adjacent a next turn of the wire, wherein each coil w nding -
in the firsadgacengr cup next s@bgmanefal tiyet lwireamandoi B wielph hetsreen

conpl eted an a on 4 ] n wi ndi i rst coil
group is a ?hg 5%%@ su%gta EaJ1 i% e%a?ﬁg %%el ]f:fg Fﬂ%neﬂogkt Gt

conpl et ed V\gndupgss sehsuanglahéymmiaél thr arrmkiehv\mﬁch cmdl gnmrpz;ng
col I apsing the t q% ‘-’éf gglh that c nd| se ne r\[;%.lﬁfroma
first side of t ﬁﬁ? I 1 eaV& BETWRE ‘(:‘811 %g 5‘53’ '€ % om an
opposite si d@cehdt bpifandwehdiand ofr appl rigasmhetwngiﬂel ayer owdh i ddil a

cylinder to formthe field winding, wherein a_coil w_ndi r}%s rrent Qn one
end of the WeBdiR€er WB&V@%“bé‘@\ﬁeéﬁ“ﬁ%l-'rs\/\)i"%ﬁl‘ﬂga’s’@t}ﬂ@ntas n PPt te end

of the web apd:WeBdhNgusRIBENER AP e SRRACERIH MG 2F @ @f‘ @pposite

sides of the cylinder. [0010] A nethod is disclosed for winding a field for

_a el ect r omayhsEH c“’b@l‘?ﬁﬁﬁa% Gl copiing ngn §BPr SlEOPNA Ry SrPHRIral ity
| nsul at 3% nBORUCIANS A a?ﬁaﬁgrﬁast QubQEahe; hh g HPWhd ?@ii

vmndlngs erein the wound coiTs I'n the first group is Imedi ate

adj acent onwibdghnamiiesl atorpdastechne af ohp obktwegounddident n ¢¢uelfi rst

group; shifti engt h of t cnductgrs | ong..t;he rel a

di st ance su%’%’? n??%l I&Jieqt%la ?‘gna qu'dt ft}?%e@ec)ér@ ccra):lg)lls} i ﬂ%ﬁg 1% st

group; starsubgtahtiakldi setaede tsubat antichl lof equabil owtimeiwigdtin ofh4 he

wound coil s fromtheflrst oup m .trajling ed of the i rsg. group
of Coi | wi nBPRGSS SEPPRIT i i HoPaiRE AHEEEFER CoF Ed = dead siit
wi ndi ng di rgebupn as usegobttet haed i ngie gridupt \Ahﬁﬁe. n P uppungngoids in

the second group forned are i mmedi ately adjacent on . ,the nmandrel at |east
one of the BYhapdRAGAY MM slPﬁlPﬁén‘Pl rdie g oEPt COidvi BHOPRe dRghdFRee and

flattening theonal | cb@1f OpFoRESI R 18 daed] edudd ididwidi 883 £Oi i S@PRENt S
fromthe first group interleaved with coil segments fromthe second group,
and wr appi ngeeReniEb £EE® atbfo- IHyrEted WAL nd&CYh wikFeh EBFesleavedt he

first ofoUPpateeeeEbaRPREnaohls skohlhitheozeeaRlsgEaHa LesTPgrlp! he same




BRI EF DESCRI PTION OF THE DRAWNGS [O0011]FIGURE 1 is a schematic di agram of
‘a first arrangenent of three coil w ndings wapped in two coil - groups on
a mandrel . OOlZ%FI GURE 2°is a schematic diagramof the coils shown in
Figure 1 wiWf20088834ehdrel renpved and the coi|l wi ndings BETUEHEE263%2 o
single |l ayered web. [0013]FIGURE 3 is a schematic cross-sectional diagram
of an end view of a web of coils shown in Figure 2 arranged in a single

viow of o ol fRRLE pelBla, 8 SkTLEHR oy Selust S ke AU AT Plef B
to forma swahding [D65]sF| GURELESES statdensral udiiay am ofhaeseel eettical
o paoe Soul e Shr SMUEIER SR SRR At Y |cdt T bl o
the three coil windings by winding an insulated wire for

each coil winding arocund a mandrel such that each turn of

the wire is adjacent a next turn of the wire, wherein

each coil winding in the first «c¢oil group |Thas
substantially the same coil width when completed and a

separation between adjacent coil windings in the first

coil group is a distance substantially equal to the width

of one of the completed windings; removing the mandrel

from the wound coil grbup; collapsing the wound coil

group such that coil winding segments from a first side

" of the mandrel interleave between coil winding segments

from an opposite side of the mandrel, and wrapping the

single layer web into a c¢ylinder to form the £field

winding, wherein a coil winding segment on one end of the

web interleaveé between coil winding segments at an

opposite end of the web and winding segments from the

same coil winding are on opposite sides of the cylinder.

[0010] A method is disclosed for winding a field for a
electromagnetic polyphase device comprising: spirally
winding a plurality of insulated conductors about a
mandrel to form a first group of coil windings, wherein
the wound coils in the first group is immediately
adjacent on the mandrel at least one ©f the other wound
coils in the first group; shifting a 1length of the
conductors axially along the: mandrel a distance
substantially equal to a width of the wound coils in the
first group; starting at the distance substantially equal

to the width of the wound coils from the first group from



[0016] FIGURE 6 is a schematic diagramof a second arrangenent of three
‘coil windings each having a single coil group and w apped around a nandrel .
[ 0017] FI GURE. Y i/s a schematic diagram of the second arrangenent of coil

wi ndi ngs Wi R 4%&8hdrel removed and the coils col | apseBCTES2020§1%

| ayered web. [0018] FIGURE 8 is a schematic cross-sectional diagramof an
end view of a web of -coil windings fromFigure 7, and shaped into a

cylinder. [Q03YFhGHRF adir;;s_ 2o $CHeMAL EEr6f OSH-ARF! benatodi agratathgan end
view of a cylindrical” coil web of Figure 8 nounted in a flux return ring.
[ 0020] FI GUREpipaldy a wigkdig | @ disfand obratpel et réedlst hike-phasemeoi |

a”ange”e”Fw%S&{ﬁge@iir’é%ﬂ%ﬁ SECONM LGOI Eo M gﬂ%”%&@@”gg%ﬁtp w2 1, FI GURE
11 of a third arrangément of threée coil W ndings Wappéd In"two coiT groups
on a nmandrethe[ 0622d GURELL? | dna sthenmasieccoddagramud t flermeid d are

o AGCE o8 kabl NI e PR TRV EL AN LIS < B
‘other wound coils in the first group; removing the
mandrel and flattening the coil to form a single layered
web including coil segments from the first group
interleaved with coil segments from the second group, and
wrapping the web into a two-layered cylinder in which

coils from the first group are overlapped coils form the

second group formed by the same conductors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]FIGURE 1 is a schematic diagram of a first
arrangement of three co0il windings wrapped in two coil

groups on a mandrel. .

[0012] FIGURE 2 is a schematic diagram of the coils shown
in Figure 1 with the mandrel removed and the coil

windings collapsed in a single layvered web.

[0013] FIGURE 3 is a schematic cross-sectional diagram of
an end view of a web of ceoils shown in Figure 2 arranged

in a single layered cylindrical web.

[0014] FIGURE 4 is a schematic diagram of an end view of a
cylindrical web shown in Figure 2 mounted in a flux

return ring to form a stator.



.[0023] FIGURE 13 is a schematic cross-sectional diagramof an end view of a
web of coil windings of Figure 12 arranged in a doubl ed |ayered cylinder.

Eggzggug: G,]Figz‘;ﬁm@%@l schemati c cross-sectional diagram pé,i@gz&gﬂ%tﬁy&ew of

e-layere indrical coil w nding web of Figure in a
flux return ring. [0025] FIGURE 15 is a schematic diagram of an el ectrical
t hr ee- phase coil arrangenent representing the third coil w nding
ar r angenent {00l SP26¢URE CBRE 46 a Ssahashelat i diagyess- sECt annalladitagicdn of an
end view of a web of coil ,w ndi ngs of Fi ﬁjre 12 arranged in.a single |ayer

cyli nder. [BD59F PREERECTFL| 8T Lo GRFTRE S ahiiBf TdRSEnditew of

the single-LaM8iRY s¥iNskn&d £06In MR Ngured Dfcdigure 16 nounted in a
flux return ring. [0028]FIGURE 18 is a schematic diagramof a fourth

arrangenment of three coil w ndings wapped in two coil groups on a nandrel.
[0016] FIGURE 6 is a schematic diagram of a second

arrangement of three coil windings each having a single

coil group and wrapped around a mandrel.

[0017] FIGURE 7 is a schematic diagram of the second
arrangement of coil windings with the mandrel removed and

the coils collapsed to a single layered web.

[0018] FIGURE 8 is a schematic cross-sectional diagram of
an end view of a web of coil windings from Figure 7, andg

shaped into a cylinder.

[0019] FIGURE 9 is a schematic cross-sectional diagram of
an end view of a cylindrical coil web of Figure 8 mounted

in a flux return ring.

[0020] FIGURE 10 is a schematic diagram of an electrical
three-phase colil arrangement representing the second coil

A winding arrangement.

[0021] FIGURE 11 of a third arrangement of three coil

windings wrapped in two coil groups on a mandrel.

[0022] FIGURE 12 is a schematic diagram of the third
arrangement of coil windings with the mandrel removed and

the coils collapsed into a double layered web.



.[0029] FIGURE 19 is a schematic diagramof the coils shown in Figure 18 with
‘the mandrel renoved and the coil windings collapsed in a single |ayered

web. [0030]&%%@%& is a schematic cross-sectional di agngE)Hg#OF/n end Vi ew

of a web of own in Figure 19 arranged in a flux
[0031] FIGURE 21 is a schematic diagramof an end view of a cyli ndr| caI coi |
web shown in Figure 2 nmounted in a flux return ring to forma stator.

DETAI LED DE?SaI’Jgibj;H@b‘RQ: 18HE d %%@B&H&&EW@QEME@E&E%%EJ R b8 a

schematic d mof a first arrangenent 10 of t-hree coil wndings (A B,
C) wapped &n tewrdcoiiewr ofipsa 127€h 4 of Al co8l anndingsn®IA2Fignrendlen) on

a mandr el grr%%%ﬁcﬁhvg hgﬁg\%ghega%ggtar%glg?bked around the nandrel to

formthe groups each col ndi n adhesive tape 18 are
applied to opposite sides of the coil groups to tenporally hold the coils

t oget her. i St,S t IS etyeen the, oils
and coil i@o&té?g Fggé-"t ;Le4 niaé]dggl[selhghrgg?rg e%%sg %Zlag'rrangerrﬁt O0is
col | apsed i Bho andeb Wisee Kifg. @D)e -double- 1ayered cyllndr:.cal coil

winding web of Figure 13 mounted in a flux return ring.

[0025]) FIGURE 15 is a schematic diagram of an electrical
three-phase coil arrangement representing the third coil

winding arrangement.

[0026] FIGURE 16 is a schematic cross-sectional diagram of
an end view of a web of c¢oil windings of Figure 12

arranged in a single layer cylinder.

[0027] FIGURE 17 is a cross-sectional diagram of an end
view of the single-layered cylindrical coil winding web

of Figure 16 mounted in a flux return ring.

[0028] FIGURE 18 is a schematic diagram of a fourth
arrangement of three coil windings wrapped in two coil

groups on a mandrel.

[0029] FIGURE 19 is a schematic diagram of the coils shown
in Figure 18 with the mandrel removed and the coil

windings collapsed in a single layered web.

{0030] FIGURE 20 is a schematic cross-sectional diagram of
an end view of a web of coils shown in Figure 192 arranged

in a flux return ring.



_[0033] The racetrack shaped cross-section of the mandrel 16 has generally
'strai ght sided opposite wall sections 20 and crested top and bottom si des
22. The mandrel preferably has a hexagon cross-section, but nay have

anot her polwQamseeHsE- secti on, or have two opposite wal | PEERSRWE262E and a
curved top and bottom sides 22. [0034] The wall sections 20 of the mandrel
tend to have a conmmon | ength and be |onger than the top and bottom si des.
The wall sections 20 are used to formthe straight .segnents ‘24, 26_(see

t
Fig. 2) of 31LBIBURERS} ndSt fafChrBatd ChEiaRFaRg84 EX R RA face

the rofor i p,a:1RBleta1 The: valkss aidanSLR0F hgwee 2 vinduhtedbdiant | Sl t he
sane as the Tength of the stator coil segnents to be fornmed. [0035] The
si des 22 thoeguirh disgakecter® i 8FRtEHd turns coil sections that lie of
the mandrel formthe w ndings, The w dth of

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0032] FIGURE 1 is a schematic diagram of a first
arrangement 10 of three coil windings (A, B, C) wrapped
in tﬁo coil groups 12, 14 (Al, Bl and Cl, and A2, B2 and .
c2) on a mandrel 16. Conductive insulated wires are
coiled around the mandrel to form the groups of each coil
winding. Strips of adhesive tape 18 are applied to
opposite 'si_des of the coil groups to temporally hold the
coils together. The tape assists in maintaining the
distances between the coils and coil groups after the
mandrel is removed and as the arrangement lO- is collapsed
into a web (see Fig. 2)_.

[0033] The racetrack shaped cross-section of the mandrel 16
has generally straight sided opposite wall sections 20
and crested top and bottom sides 22. The mandrel
preferably has a hexagon cross-section, but may have
another polygon cross-section, or have two opposite wall

sections 20 and a curved top and bottom sides 22.

[0034] The wall sections 20 of the mandrel tend to have a
common length and be longer than the top and Dbottom
sides. The wall sections 20 are used to form the straight
segments 24, 26 {see Fig. 2) of the coil winding that are
to be arranged in a cylinder and face the rotor in a
motor. The wall sections 20 have a width substantially
the same as the length of the stator coil segments to be

formed.



on the top and bottomend turn sections 28 of the mandrel, i.e.

“span the gap A2, when the coils are flattened into a web. Accordingl

wi dt h of t

, the The

Y,

t he

must be sufficient so that the end ve their
needed Iengtﬂ%%%g%] When fornmed into a stator, the co%&@@@%’ﬂ%@um 26
are arranged in a cylinder of the stator. The coil segnments are paral
and adj acent the rotor. The coil segnents are arranged on an inside

cylindri cal Wg,&; L@ﬁg Aoitihegstat Ghs SGRAT al 4 h aghanrid@r aalr WP dh
tend the length of the rotor. The end.turn sections 28 of

the coils cendest 2adjodcdite gtandngk fom BegynBAds tYAN FECtimseRB 1o n
sections 28 _are fQal de‘gllg(%%lq%gerwhge WAN0sE e bensRaratt - il R a typl

t her ot or,

ng, St e st ra

| el

om

cal

segnents 24, 26, and end turn séctions 28

will alterndaistance Mwe&muspmud&et jwesl Wi rSéBQta-\nrﬁig an.i r@@t%ztmngesheat h.

of . the sectl e. d t e t op
ohB® ZUlatg‘ ?tﬁ P’-l}@ eef’ﬁ Ifl%:“\}\?lf%e enéﬁt g?%s C?)gl\gg?r%; t hgﬂgl st ance
bet ween t heeganneeined maid wavdpa \Melnlgthh&;mfiﬁic:tmﬁ otdeo;tpapOO:’}Vé Esah coi l

coil w ndi
The w dth
wal | secti

group 12,

14 is forned by winding the wires in a Ja wher each
turn of thePREFESRs C&B‘]“&&?ﬁ’fi e @&O"rq‘?'ea%hgtbl ﬁlﬁll ﬁ‘g

'Tﬁg‘eéhd PGt the

start turn gHi€achrw FdiafGen®d AAILeA Y. SRscoSﬂlaftﬂLySC ties petdtveby. The
ends at the last turn of each coil 10

the mandrel must be sufficient so that the end turns have

their needed lengths.

[0036] When formed into a stator, the coil segments 24, 26
are arranged in a cylinder of the stator. The coil
segments are parallel and adjacent the rotor. The coil
segments are arranged on an inside cylindrical surface of
the stator, separated by an annular air gap from the
rotor, and extend the length ¢f the rotor. The end turn
sections 28 of the coils connect adjacent straight coil
segments 24, 26. The end turn sections 28 are folded or
otherwise arranged to be compact. In a typical coil
winding, the straight coil segments 24, 26, and end turn
sections 28 will alternate in a continuous conductive
wire having an insulating sheath. The widtﬁ of the end
turn sections, e.g., the distance between opposite wall
sections 20, is sufficient to allow the end turns to span
the distance between the connected coil groups with the
coil is folded.

[0037] BEach coil group 12, 14 is formed by winding the
wires in a tight spiral where each turn of the wire is
adjacent the next in each coil winding. The ends at the
start turn of each winding is indicated by SA, SB and SC

respectively. The ends at the last turn of each coil
10



W nd| ng is indicated by EA, EB and EC, respectively. Automatic coil w nding
mechani sns, which are well known in the art, nmay be used to automatically

w nd t_he V\n‘,{,‘gﬁm%%ﬂ&d the mandrel. The wires of each w ngg HIS?OrO?IOI ISt

wound in a Tirst rection (wnding directions indicated by arrows) to form
a first group 12 of a coil. The first coil group conprises a predeterm ned
number of turns of the wire, for exanple 25 to 250 turns. The wire turns
are typi cal{yynbigft s pauldedategetbgr Ex, aE@i denfly-BC de Iaersr&:rgeimeityagai nst
the surface of the mandrﬁ orma S%‘ a} ayeE1 vvound «29 %OOBB]A
separate w PBEPR2EEEJCPS fd’flrﬂ TEFEPERE BT g™ shao\/\?l i fll gu

three insul ahedne r8%,( layB, b&) vaka vwr@hwmam mafdaelthelheivésg es are
initially wound in a first direction to formthe flstggrou 12 of ,  coil s.

Each coil gesapndathepmangneleo The pyrdes: fta easfar 4Rt RSu et v ke bei ng

wound about , Lhggmandrel 55 £ac hdf@éi:tﬂbﬁuRw’ﬂﬁalﬁg‘b%.tl%%t@]drbé t hea sageea@unber
of wi ndings such that the width of each coil group and t he nunber of turns

in each coi bygrlGUpWB?s §9b§@§ﬁt palfiysthereoame 12] 0639 'F}‘iéﬂsepa?}a%l Bhr%‘ét ween

adj acent col| ?aj%%ﬁg ecgn&’e 4 gépp(r@detﬂ;%é‘éﬁﬁ@dar% ngfe |I

group A and a col | “group e wdth (w o
coi | segrrentheThﬁ_segaﬁoal Iemp&ecéﬁl t@eé’:ﬁ@nttmr@Sbe T&mtﬁ'@d’-‘ﬂ! nte¥mes gapevm t h

| . COli fI d.int
(See F o DFBiGahoY Al ernbng §Prckell onsoBkhElT) i oS PR BYRISE, o0 s
been wound argahgtaestt hgammst gl AP cdBhf Cﬂ)eofr’landlrlelvmrtdlfngsms

wound, the conductl ve Wres extgndi ng fromeach conpleted coil group 12 are
shifted axi gfpgle)layer of wound colls.

[0038] A separate wire is used to form each coil winding.
As shown in figure 1, three insulated wires (A, B, C) are
wound around the mandrel. The wires are initially wound
in a first direction to form the fist group 12 of éoils.
_Each coil group (Al, Bl, Cl} corresponds to a separate
insulated wire being wound about the mandrel. Each coil
group has substantially the same number of windings such
that the width of each coil group and the number of turns

in each coil group is substantially the same.

[0039] The separation between adjacent coil groups, e.g.,
the gap (G) between a trailing edge of coil group Al and
a leading edge of coil group Bl, may be the width (w) of
a coil segment. This gap allows a coil segment to be
seated in the gap with no overlapping coils when the

coils are flattened into a single layer web (See Fig. 2).

[0040] after the first group of coil windings (Al, Bl, Cl)
has been wound and before the next group (A2, B2, C2) of
coll windings is wound, the conductive wires extending

from each completed coil group 12 are shifted axially
11



along the mandrel. The axial shift noves the conductive wires fromthe
trailing edge of a conpleted first coil group, e.g., A, to a | eading edge
of a second coil group, e.g., A2, to be wound. For a three-phase coil with
two coil groups, the distance of the axial shift is five (5) tinmes the
width (w) of a coil w nding segnent. The axial shift wll be different for
pol yphase coil w ndi ngs having other than three phases and different
nunbers of coil groups. In general, the axial shift froma conpleted coil

group 12 to new 0|I rQup, 14 stwi.c t he urrber of 0|I r s _tines
a?lccgl’gh n8 Ql Ti’le axia skhfﬂ'l: %lduf:ﬁﬁhﬁnll

t he nunber W n |ngs i nUS oRe 2 Thi's axi‘a “alg

provi de on tiweramndreh cakl mnaldmr@s édpt AN abecdrmldzaﬂad ntorst: skcogle | ayer
sheet. [0041] The conduc%xI ve W es gr each coil (A C) are wound first
in one directi¥R: &-¢ -7 ElockRi 8elCPB FOrME 19T & S(%iqndgﬁ?&& GAPYPBI , and

C) and therejq. anet hetooprosidendl r e6ti @n,tire@-phe@ent@iricl Rk Qo tO
forma second coil group (A2, B2, and C2). The winding direction is

i ndi cat ed by"dry oWEOHRT 1t WG |%‘cﬁ1é%nc%dﬂ‘lc t?rb%a?xjc%]i | SytBlupss chhvee (Pormed by

al ternativelyindnding theccoidhs bp 6l eckw s@nanfgceughentCl 08K Wk$81
directions around the mandrel. The w nding of groups of coils is repeated

by reversi nghHe Widdi kg GiiESEERBR GAEI PofveharssiGoid mimsengst hgrengs of

coi I's has begn,d,0r RRdy t{rﬁ%@] pﬁagegara%el al Brd Aapy edyhEQpst hee waynd coil's
after the winding is conpleted. he mandrel is renoved, the adhesive

t ape 18 ret aireuashe Jpodarnan lof ttﬂ@e aG@all ghadps feaoh at W@Enptl%ew lceslr emai n
si de- by-si de h esp Vv i up,a t ap e peen the
coi |l groups. %eé g%eg{jv% ?gépde (?%ﬂt') %lrglé}ﬁ E4t%%’ s%c%s %fle( { e on opp03| te
si des of eactrof q]fmmﬁoltllmegrtém smﬂ@er?@f Adiilr stingltingp, ofnladlaesnue t ape
is secured tg the _surface rel h _the.adhesiv surfa aci ng
outward to r@?:el i ve 't he V\D&%& ahfqor#hq%“ s"é\(l:\%indpr?wg oft a%é i & 3§5FifLed to
the coil segmeEntwiafdieryst hdawi pdhnbeprotéssd ist«anpliaicdd dmreeirs shgptcal |y
applied to overlie the first tape strip. [0043] FIGURE 2 shows the coil

wi nding after renoval of the mandrel. The coils are flattened into a single
| ayered web Bfh4ilo BfsULEnPLOPRFe ONEFEAPPbAJe@thCablilSeged,s, cp segnent,
e.g., Al', on afirst side of the coil is shlfted axially towards a
position in YOYHp betileel selBctedesky®nt §; 9o gSLloefWisiy A0 SAAN2
opposite sidg;jeftt B@lwglr@upThmlcm 131$egmnt@1 )ar anar r@i&edm naheen@@b such
t hat the segnents ( 8 B, d, A2, C2, , 82
and C2') ar eOH’I?PSdatreal éreahaorao fotd oveFP%terl‘HélQFdinS@egnE%t sfozfllll 76 (A,
B, 4, A, sBindndh@ 'Jrilf e R tiang c@f t%ewantdfl%tg \eﬂlrgcfc%mthe
stat or sections adjacent the rotor. The coil segments 24

arranged in ihelstdaceredudly tdexovheynartdepaf edynds toA@lﬁetim?ah Gﬂall axis
of the rotor 44177 IS 48 r s that the
wi ndi ng di re%t |]%95 ?t]seeﬁ%r %g)\frs%gnggggg‘gérga?%g%%sﬁ%%%g%g gggﬁﬁaggl | el

for adj acentCE@cgmarﬁes fandmftdlm‘@an'e?l@@l}d wi-seli Wg refoiopgampi@ind hehaeb has
adj acent segnen t re wound in th sane WI nd| n dj rectl on
on the nand?ﬂel? &rf i'm | ar ,wAég(l:ﬂgpé:‘Yf O%Pds aggnt sggmansts Bl %ﬁ b C2;
A2, Al': B2're®rsiangd *@he @thhayedihecsmm whndl ngheli rieslire@ nAmbéhe c0|I

flattened into th h bl . asbehe
mandrel . 6. o7 TG FaBRT: PRER LI prime (n )

[0042] The mandrel is removed from the wound coils after
the winding is completed. As the mandrel is removed, the
adhesive tape 18 retains the position of the coil groups
such that the wires remain side-by-side in their
respective coil group and the gaps remain between the coil

groups. The adhesive tape is typically two strips of

12



.13 in the reference nunbers shown in Figure 2, are interleaved with the
coil segnents, e.g., without a prine reference nunber, fornmed on the

opposite s%@sz&&mggginandrel. The interleaving of coil Sﬁ@ﬂ?ﬂh&mﬂg§.tions
m anot he

segnents fromone coll group between coil segnents fro r cort group.
The coil groups are wound in opposite directions so that when the coi
segnents are interleaved the winding directions are the sane for adjacent
coi | segmentgpkr em tdp AR coides [ 694Bhchhefdivieet tobl obeemesitsi @4Lurrent

t hrough a coil segnent depends on the winding direction of the se nt .
Posi toni ng26oi 1A SEGHBH S 4Tdm Phe LIRFR | L8REN 1 ha® SEahntSsdgiont s
have the sagg ¥hpdi G HHEChhRArENSWALS IRl AdMCesiNeéeBLrGakeCtiliis the
same t hrough adjacent segnents. [0046] The coil segnments 24, 26 do not

over | ap wheputwhrdpsed HaReive vidle Waen@ngoidrn e 8ASOBE & i®0idf j oin
the segnmentg {ﬁé' {0 é%bl'é& 4 Blhe and Gsé%n&'ﬁ) afid eRfle! Uih$Red i ons
F overl a mh T

w ll partial en the web ts forned. e overlapping Is
i nci dent al poothesf iat tcomipmigimdocusd bndtvipesahby eppdiietutte ovestlippi ng of

the coil se nts. [0047 .coi |l segnents (A, Bl and B2' and C2')
near est the%g%dng?Ltggpmegpg% "separated fromeach other by a gap (G.

These gaps will receive the coil segnents fromthe opposite end of t he mep.
|0 P2 1o Bl BSCRRE, 4 il Eh SRS DSSERRRT ISR, YRR 2 e 7
the web is gmehbedli nthea ephilsdeire 18lattened into a single layered
web 30. To ensure proper oirerlapping of coil segments, a
segment, e.g., Al’, on a first side of the coil is
shifted axially towards a position in a gap between
selected segments, e.g.; Cl and A2, on an opposite side
of the coils. The coil segments are arranged in the web
such that the segments (e.g., Al, B1l, ¢i, Al’, A2, Bl‘,
B2, Ccl', C2, A2', B2’ and C2') are in parallel and do not
overlap. The coil segments 24, 2% (Al, Bl, Cl, Al’', Bi’
and Cl') are the portions of the web that will form the
stator sections adjacent the rotor. The coil segments 24,
26 will be arranged in the stator such that they are

parallel to the rotational axis of the rotor.

[0044] The coils segments 24, 26 are arranged such that the
winding direction (see arrows on segments in Figs. 1 and
2) are parallel fpr adjacent segments from the same coil
winding. For example, the web has adjacent segments Al°
and A2 that were wound in the same winding directicn on
the mandrel. Similarly, each pair of adiacent segments
Bi1', B2; Cl1', C2; A2, aAl’; B2', Bl, and Cl, C2' have the
same winding direction. As the coil is flattened into
the web, the coil segments formed on one side of the

mandrel, e.g., the segments identified with a prime (“’'*)
13



[0048] FIGURE 3 is a cross-sectional view of the web segnents of the web 30
formed into a stator field winding 31. The web is rolled into a cylindrical
shape wi thout overl apping coil segnents. The coil segnments (A, C') at the
ends of the web interleave with other coil. segnents arid do not overl ap

t hese other segnents. The segnents are arranged in the cylindrical stator
field winding 31, such that a coil segnent froma first group (A, E, )
is adjacent a coil segnent fromthe second group (A2, B2, C2) of the sane
coil. The inner gliﬁarret er ofnthe %X}n%ndri cal _web i.s substantially the

di aneter of the FRter For SHFARRt eF 8P the SPRFBr. ‘The st&tor stgmeffs are
paral | el to titecmdasrcaf wike eyl rdarl. sEhmen@bor e(§ee wathoutepr psenéed by
the North and South poles in Fig. 4) fits coaxially.,in the cylindrical
stator fiel FSHHRENG 32VFBThed %fm[ fBb B PBBLEE CTheS 1T 1 LeghBRts from
each of the gpidrad.ndiThgs (AreBleb&¥inge &f ranged idedieetst abekisiehst hat
current flows in one direction on_one side of the stator and in an opposite
direction orfYFEVhet Yt deN®f CPAE SRS Pefieedi retit] ofePReHhT chz?he coi |
segnents 24,526 Rl Goil) AlRpiound %itlh%r%aglgr gredebanAl AES oﬁ?_ﬁg?f‘é flow
direction. In coil A for exanple, segnents Al' and A2 have a Tirst w nding
direction (SEeEFRGon®) send-hedgmgis the &ivd LAZegg8tRe agppasites1spedof t he
stator have afk OpRASLLE WG oLl 6eld ORneACEOidli BALY oA Il TRt L
direction through segnents Al' and A2 is the sane and opposite to the
current dirextdmanisn fgegnbhessAheapell A2' . Sinmilarly, the current direction
for segnents C2' and O is the sane and opposite to the cur-rent direction
for segments C2 and CI' on the other side of the stator. Further, the
current direxd4on Tlor dégeenicn BéfardeB2rics dureesanmetandighpposcdelt o t hat
for segnments Bll %nd BZ.éﬁccord,idQ l%i gurrent fltows in ogﬁ direction on one
si de of the STAIGr c?ﬁl?er{l &r Fhd-i annolplﬁ)%s Ton di't e%fi o SPRE™ pposite
si de of the myditidering 0850] Fk&dREnds sifews titee cyhmnadrodal | stzchapedt st at or
field winding 31 inserted intgo a ferromagneti,c ring 32 that provides a
magnet i c 11 TGN R AN "E Bor ey BE (HOGHTEd THEGTLRE. PRABFSS
periphery oftidwe eyéi aderchor aeeéebyibhe igoidharebah® emtabbh shdheehnsi der
dianeter (ID) of the stator. Further, the end turns 28 of the coil w ndings
are arranged$94Ht9S on opposite ends of each segnent (at opposite ends of
the stator) to mnimze the overall stator height. The coils are secured to
the return path ring 32 using various neans including varnishing the coils
to the inner[%ﬁ]phgh? ofCthe FEHGSE ndfdi P t HE coPt tWHAEPr i WgenThe web
and return patf S a3l otd e, St ahar enfne i i iCals sTAt ok fLel d

wi nding 31 may be included in a notor or generator having a rotating rotor
represent ed byin oty podreentor (A () Bhd Suthe (B}, [9031F1 FEGURE' b-i s an
el ectrical ' ' ShQw t ti h tor
field windi nfgﬂ%l@ﬁo‘% Cilﬂgxﬁ%&ﬁl%égcﬁl% fb%grftgﬁg?ge?éf%ﬁ%ﬁ §P§Br%§§e§%}%t ed as
a resistor 3is tipmedd.efhet beeslbghingess sianotendfaledch tiendilagtenieach
conductive coil_group. The coil . groups .(A., A2 re connecgted in series in
their respec‘frl?/ceeqscsoi 1Fl'c\i/vi ﬁa?%g.““fheccﬂ%f%(etu&%i Io‘g/ﬁrng‘lpﬁglgg( ﬁ%t & ;31 & 32,
and 0 & Q)saymeercennected to a conmon terminal 36, e.g., a center tap. The
opposite ends of each w nding have a term nal 38 connected to a phase
termnal of the power

[0047] The coil segments (Al, Bl and B2' and C2') nearest
the ends of the web are separated from each other by a gap
{G). These gaps will receive the coil segments from the
opposite end of the web. In particular, segment Al will
fit in the gap between segments A2' and B2', and the
segment Bl will fit in the gap between segments B2' and
C2' when the web is rolled into a cylinder.
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.source for the notor. The ends of each winding is corresponding to the
first winding turn are | abeled SA, SB and Sc on Figure 5 (see also Fig. 1)
to indicat ion of the start of the coil in the I agram
The | ast tﬁ“r“r?l @X\ %E%t and EC, respectlvel y, of each w ndi E(ng&g{sg?’bﬁ?’ﬂ
indicated in Figures 5 and 1. [0052]FIGURE 6 is schematic diagram showi ng a
second coil wi nding arrangenent 40 on a mandrel 16. The three coil w ndings
(A B and Quohgyer@usend e £0i la grotps Ax addiomnd vieva smgleadli Regd i on
(see arrows) around the mandrel. Strips of adhesive tape 18 on orgoosﬂe

" sides 20 ofseﬁ!@eﬁ’éﬁd@ﬁl thecurk BRe fosMEdséFhenss SE2L0%G f(’ﬁltji % gap
(G betweensa ‘ﬁ.ptg) L1kt aatd abl Yo piuddr it henubdt mﬁeﬁoﬁ a

coi | segnent ggl%ns] GJ%—??:‘ 7 shows the coil CWI ndi nlgs 40 afw?er the mandrel i
r enoved andoaéréapphlegcgphlhaﬁmsf 1 at Theedraist ocseomepta4 (Athe Gliikti al
turns of ea in e |abel agg[:, espag) i Velner angihhe | ast
turn of eac%}ew’ nﬁ%ngg%(?ée Ia%e d’éi Aé%B% % réesg'gctlve y. rTherLQDal esi ve
tape may orsesyenot bedr efi’EDVBdtWhBJEJﬂh@ cohésé s obthett esrginencs. welfheAs t he
coil is flattened t he coil nts_2

d f
the mandrel SSPRRHFT (3RF a?lrﬁf_" *Fo tHhte eeasé'llﬁéfﬁgg&apgz?%lg \%@éf\' tﬁeO
coi | segmenysndbngAbl, Buamd €Rat f aomotine suppasit efséreaoffitise rgmdrml .

[ 0054] The |nterI eaving cojl. segnents 24, 26 do not oyerlap., The se nts
24 from one (8tdeBdf e dREI 25PBEs Bttt P AP RS T PR ViEETP
segments frgmphpe ((Atzherszsl de2 pf oEhe el . cdie. f rakt Qli\uﬁigr&rﬁrﬁetféﬁm a
single layered web 44. The end turn sections 28 17

of the cyllndrlcal web is substantially the diameter of
the interior diameter cof the stator. The stator segments
are parallel to the axis of the cylinder. The rotor (see
rotor represented by the North and South poles in Fig. 4)
fits coaxially in the cylindrical stator field winding 31
formed by the web 30.

[0049] The coil segments from each of the coil windings (A,
B, C) are arranged in the stator such that current flows
in one direction on one side of the stator and in an
opposite direction on the other side of the stator. The
direction in which the coil segments 24, 26 (Fig. 1) are
wound on the mandrel determines current flow direction.
In coil 2, for example, segments Al‘’ and A2 have a first
winding direction ({(See Fig. 2) and segments Al and A2’ on
the opposite side of the stator have an opposite winding
direction. Accordingly, the current direction through
segments Al’ and A2 is the same and opposite to the
current direction in segments A1 and A2’. Similarly, the
current direction for segments C2' and Cl is the same and
opposite to the current direction for segments C2 and Cl°

on the other side of the stétor. Further, the current
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_connecting the coil segnent in series in each coil w nding may overlap as
they are folded into .the web. The end turns nay be arranged such that they
do not exces,sivel9 increase the length or area of the web h _beyond t he
area needed'P3d'® ¥§4ﬁ he stator coil segnments 24, 26. [00%%%%@0 g%pgz (A B
and C) each forman electrical path having a conmon term nal 46 at one end
of each coil winding and a separate term nal 48 for each coil, at an
opposi te end;ob tRenCoEhrW seiméntIheasepaiat a1 er mighaltds isamouphed to a
respective phase of a power source for the notor. The_comon term nal 46

may be conneppedits diduRBat| 056 TIMIEEB P’ a WheRtr i AGYERRLY| onal
view of theyebede abIRA sinidhd dirlddiden I dnétaige. ol GUEE Srdgoan

schemati c cross-sectional view of the web-44 shown nounted on the inner
surface of ayfllioderetamdh ¥1ngn32prrPséténd chitedd@ren?s CAe, WPYsite in

t he gaps (Gé. et ween, Bl ', ac " and between Al and El, respectively. The
two coil se ﬁgﬁt \élgf gPeeSX%ngd%png are on opposite sides of .the cylinder.
For exanple, segnment Al is on the opposite side of the cylinder for segnent
Al'. The w pdj ' ti,on,f [ Is t r N Lndi ng
arrows in Fﬂgj.SBgf?bpﬁ‘gegc%hggﬁrsl ',%lhgur% gﬁ?’ %%:ltg\%é' l&nts?)%(%)eféf rset(%ltt-ioolgl %ﬁe%%e si de
of the cylipdading 31 tihsewgkedsepnent aAl feandmagnaniopposig e3di rebaton on
t he opposite side of the stator | i nder, e.qg... through segnent Al' '
Accor di ngl yPré’Hllséﬁt i I%e\%n?ﬁl‘éa%?{lui‘oirletiuﬁno%%aﬁlrect nagﬁoﬁnéna { dB®0f the
stator cylinpdeeragd il HPOBiéONpdEiBitétPnodn thize opasidre Sbemedf the

cyl i nder. 0057]FIGURE 10 is an el ectrical schenntic_diagram gf t he
‘t hr ee- phase byt &b6r cRitddivey HoishaPiEsiurtd® 1 CoiF AT gt Pbr 8ach

phase are | abel ediAroB angubrneespeshbvebya ThErRoVesst epfi nghs 48065A SB
and SC) for each wnding are connectable to a respective phase of a

t hr ee- phasewjoddngsuppry. aThengsfnoi ghddy nan  ApPHosidiesoerdanéd aBREPt o the
power suppl %’egﬁéﬁg da(%l&?”%g?oa%g%gn&ém&'fc{:h‘gnsty&% fe)' S AR oL eaeh

wi ndi ng are”l reapectively | ast turn of each
wi ndi ng coneeetredlt ogedher drd.ghte | alBied cBAlsEBanad EufaD58) Rl GURE 11

is a schemati ¢ diagram.of a.further col.l w ndi rr nt . i t hree
coi | windi ng§PAR B O €4eh g?raﬁﬁéagi nvgr?l?jru%t %lgl groﬁ%égﬁagﬁg a
second coi | v@rouRhI4g Tilee CObL1gr @upshar eireach peubdhenyt ke siine windi ng

direction, e.g., cl.ockwi se (see arrows. on coils). [Q059]_ Each coil i
formed by - GEnANGIRT i & SoEH Wr&ﬂgr Baﬁa-tﬁ‘?%#?%r eéflqu:‘:'e BsP of
each wire i gdrpdi gatadbdessA sBBrard SCrneeseeTindel ¥al Thadwymi falkelend of
each wire is indicated by EA, ES and EC, respectivel The three wires that

! , y.

formthe thméadéma 34 mahdee oinal  dfdelipiasBOtPE| 9 WRBFRBtAFeAVISE wound

toget her ar %U'}%ttahadﬂt%%dr tfé;ﬁ&fébﬁe&anﬁ erdisStpsPes R6PLR 38y Thg coil
nd and tightly

group is spirally wo packed such that each turn of a wire is
posi ti oned &juaderitSsit.-he preceding turn of the wire on the nmandrel. Further,
‘the conpleted coil windings (Al, Bl and ) in the first group are adjacent
each other such that there is no gap between the coil w ndings Al and El,-
and bet ween [E51ARIGURE Theist ant iedggsadicailorsarenatel ¢radélegramoshepiiing

oo e o B Condielige S baMES WANng XeledPoPEARY UhibaddP BN St At
Figure 4. Each coil group, e.g., Al, is represented as a
resistor 34 to reflect the slight resistance of each
winding in each conductive coil group. The coil groups
. (Al, A2) are comnected in series in their respective coil
winding. The three coil windings (Al & A2; Bl & B2, and
Cl & C2) are connected to a common terminal 36, e.g., a

center tap. " The opposite ends of each winding have a

terminal 38 connected to a phase terminal of the power
16



. 19 where wis the wdth of a conpleted coil w nding. The coil w ndings in
"each group preferably each have a common width (W. [0060] After conpletion

of the w nq‘w%g&{g&%ss of the first coil group 52, the Cpé#m%&?%ﬁ‘%@ée

shifted from railing edge of each winding in the firs ially
along the mandrel to start the | eading edge of each coil of the second coil
group 54. The axial shift is 5 X W or nore generically twi ce the conbi ned

Wi dth of theogstds fdr a tHOURMJHIHS TR Wedids (B Okaehe edindiwgndiisg (w)
in a group. After the axial shift, the coil wres are wound aroynd_the

mandr el to FOFRESPRNADNEL cbhe Jrigips WANOHRE GRS (AF Rl BRELBH 24 n the
same directggnaag séef@nt @i gl & heshbbr ah s60iFi gdr AUPSLE2inh9eEtE FEhEURE- 12

is a schematic view of a further w nding arrangenent 50- after the mandrel

16 and the heotetiore tpetderi psarg apé reheve® ¥ oA hdhdi SXEFIRAC 24, -

26. The coi L ndi re.coll apsed i i il e LaysLed; wep,,56.5¢The
coi l segnen%gg%%ﬁj ?g§ %51%&: C#u?RZ%%f’r(r)En?t %gafi rst coigﬁ gr%up Ae-

i nt er| eavededoh nwih@impiils ssignemsdigdted in @igunksaAl a8« ahd C2) 26 from
the first and second coil groups 27, 29. The coil segnments in the web 56

are side-by-side along the Iength of the web 56. The w nding directions
(see arrows)0062] BIfERENS fbr echestadicf dicidragy osipswierg ga, sAlcond coid d  vs.

A oo ne T HihieT <ERRSUERREE 1ce A cHRadhF s RYCKRER! St s
vi ew of thewheBih§s Ww(appe antio & dhabke d ayigle statidr gydumdde 8.1 The
wound in a single direction (see arrows) around the '
mandrel. Strips of adhesive tape 18 on opposite sides 20
of the mandrel secure the coil segments 24, 26 (Fig. 7).
The gap (G) between adjacent coils is substantially equal
to the width (W) of a colil segment.

[0053] FIGURE 7 shows the coil windings 40 after the
mandrel is removed and after the -coil has been flattened
into a web 44. The initial turns of each winding are
labeled SA, SB and SC, respectively, and the last turn of
each winding are labeled EA, EB and EC, respectively.
The adhesive tape may or may not be removed when the coil
is flattened to a web. As the coil is flattened, the
coil segments 24 (Al’, Bl’ and Cl’) from one side of the
mandre_l are shifted axially to interleave in the gaps (G)
between the coil segments 26 (Al, Bl and Cl) £from the

opposite side of the mandrel.

[0054] The interleaving coil segments 24, 26 do not
overlap. The segments 24 from one side of the mandrel are
seated in the gaps (G) between the segments from the
other side of the mandrel, The flatten segments form a

single layered web 44, The end turn sections 28
17



_layers of the cylinder each include two sets of the three 20 coil groups.
‘The outer |ayer includes coil groups segnents A, Bl, O of the first coil
group 27 and segnents Al', Bl' and G' of the first coil group 27. The

i nner | aye™Q HFUREE coil groups segnents A2, B2, 02 of PSP HRR3129 and
segnents A2', B2' and 02' of coil group 29. The overl apping coil segnents,
e.g., A and A2, have the sanme winding direction (see Fig. 11) so that the

current dirggtion n°gt%esar@oﬂhr%@%e%erIl%ppls@&ﬁ%gn%tsea@vt Bgsa the
coil segnents, e.g and A2', having an opposite w nding direction and

fromthe safmnctmg mmmcﬁ‘r@rl@pgas Athey cave fobdedpbstoetbedwebtl t Abe

on one s aly (KoY n BV oy P et RnlR e BN OBl 6 ARG e e

on one side I nder fonon the
opposite smteeeﬁsit\rﬁ}cyinodease[ (&D&B]ldﬁg@ﬂ?&)ﬁ%reaaocfr oslse seebi omgh end

view of the stator cylinder 58 nt ed onth |n5| esurfa of - a
ferrorragneﬁ?%ycm‘gxtlt%t Br e irhege%g%j TRhe RPN & %% ﬁPﬁgd SEFERESri ng 60
and the rimpuamgk cylinder may be coated with seal ants and ot her coatings

well know in the art for formng a stator. Further, the end turns 28 of the
coil winding that forns the stator cylinder are arranged al ong an inside

surface of [phss]weh: te@oii®i fh7ert haadept hedh thermi 88 anedcavaicdiebestr i cal
interference with the stator segnents 24 26 that are parallel to the axis
of the rind®BOLRHd2anCaRineNof LeHBIRG 046 ndEr tWE | F1he &y | $3eRr C010064]

FI GURE 15 i35 9acdeqBll @ @@gﬂiﬁﬁéﬁ%éﬁ&ﬁ&i | g BN K aagfﬂenta&%maw ng
three coil windings (A, B and C) each arranged in a first coil group 2

(A, Bl andm@p9sifrl endeedndhenidoigr stimding A2, TRe sepagatre tﬁx@ls*taért

48 is coupled to a respective phase of a power source for
the motor. The common terminal 46 may be connected to

ground,

[0056] FIGURE 8 is a schematic cross-sectional view of the
web 44 formed into a cylinder for a stator. FIGURE 9 is
an schematic cross-sectional wview of the web~44 shown
mounted on the imner surface of a flux return ring 32.
The end coil segments (Al, Cl*) fit in the gaps (G)
between Bl’ and Cl' and between Al an_d Bl, respectively.
The two coil segments for each winding are on opposite
sides of the cylinder. For example, segment Al is on the
opposite side of the cylinder for segment Al‘. The
winding direction for Al is opposite to that for Al’ (see
winding arrows in Fig. 7). In each coil, current flows
in one direction on one side of the cylinder, e.g.,
through segment Al, and in an opposite direction on the
opposite side of the stator cyli.nlder, e.g., through
segment Al’. Accoxdingly., current flows in each coil in
one direction on one side of the stator cylinder and in
an opposition direction on the opposite side of the

cylinder.
18



of the first winding turn is |abeled SA, SB and Sc, respectively, for each
‘coil winding. The last winding turn is | abeled EA, EB and EC, respectively,
for each coil w nding. [0065]FIGURE 16 is a cross-sectional end view of a

singl e | ayHEYOHRAF*E2 shaped into a cylinder 64 to formEHEUFIORTRRSH2ndi ngs
for a stator. The web 62 is forned of coils (A, B and C), each arranged in
two or nore coil groups, such as Al and A2. The coils are wapped on a

mandr el and ina in.t n 5&%- S i-b abgyve in
connection @?ﬂ%%%slﬁggn%nlga e sc'regslrrer%% 0 lt%edg%‘?%ha?% flattened
to form t hethebefghsse hsthadrt insEgwersowto ot Fogerkad - [ 0086 RGIRE 17
is a cross-sectional end view of st a i hder 64 noynt n the

i nsi de surf‘ﬁt’ééb?g% ng?onﬁaﬁgti thlgl(asﬁ?'x ?aerf%rﬁyérl%ér%e 6.ATheHcy%?1r¢(;eré'nay be
gl ued to thgegpagtivdlyt heThengoasd cplrinddalsmag HeACo@Bednd tICsefdant s
and ot her coatings well know in the Zgﬁ_r‘%for for m'%?ea St at 0{). Fur?;er, t he
.end turns of2FReVaBAENG fdiehgceHARCE FRe 3t N RP2EPe %Hr rAnged
al ong an i nghdgeSyhiaEepaletNgupBlbytl 0 Mhai Moadiohhe cgaitalofsd hies rangoand
avoid electrical Tnterference wth the stator segnents that are parallel to
the axis ofconeertables tandtha PAETof SHRRLY ot FUGhs@Ft stEd nat HEE YR nder .

[0067] The “@Bnﬁggiéfoﬁtr%%edfﬁw Lhohs CRiE eAQUTRLE £ BBE Olabltegane

side of the nan romtwo groups of the sane coil, e’g Al and A2, are

arranged opfBsi t€Bt camdcEht heresbeatiyeadyl i ndae 6lasthetetnr epf deaeBtion
is the same through each of .t 0sl.ze d t gut ner in
i o e cu kPR SRR Bl DB ARE ShACREPTERL Peq i, B! DR

rel. " Siml the opposite segnents,
e.g., Al' and A2', of the sane coil are arranged at positions in the

cyl'i nder 64, £eRAL 36 bY ;90 degr ees from ! he Rosid 0B of 4fifieal | sospoments

Al and A2. MY he Saie ditect1 o rough 't he opposite

segrment s Al wiaddnd2'arrshiceihent Oppasid etlhoed heotlr wéntiidigsectd ,onBt Brdugh
the segnents Al and A2. The_arrangepent, of coil se“&)ma s_in ¢ IinderdG4 is
suitabl e fofF'a §&Y -PoFEFSt or By éagr YERE e§OBy (HE BT p8PEs %/I\Eﬁlgfnshown
in Figure 1%ciThgrpabaniat.y 10fe &diQuigrales rateoredch Nagidhd Somt bhdosaheSout h,
where each of these poles is separated by 90 degrees. In contrast, .the
stator cyli Wad8AdngheHmechirPgufed-4, CéO&i{ﬂi’lfﬁ AFESCBREPYSEr 88 £67 18 )t wo- pol e
rotor having a single North Pole and a single South pole, where both pol es
are separated by 180 degrees. These two-pole rotors are represented by NS
in Figures ﬁ905§¥§ﬁ§h14¢0{¥)08§] fReEngdnghe WAPELEE b, iRFHILhe1IES
formed by the G@id %gpph?ﬂd?cgig fygttenifg paldsids cxhowadnn Figw egsll and
12 can be useéJ to create field windings for stators to operate with rotors
havi ng nor e inddicatedr prgiSési Shokad. Ior FEEPRSTA¥SANg e CRAMINGr

pol es, the nuglber f arqups . eag cqjl(lg-égl@é&d ua,lﬁAoneE al %Izlaf E}&e
nunber of p(‘5:'1n s. For egixcglnplﬁﬂe%{% hre{: coi lgroups l?)guc as Al, and A3)
shoul d be waathean iwraigndrehei fthiree coirespahdicngf oot othikastlsiee paledd. To
form stator QOi!.StOb us %d:with rotors. in re than four, pole t he
wi ndi ng of H& orogo?‘l % BTG efl% W%gg?flgt taer%’i n%l 57t t Wgu\%gund
coils into aomhnEmy assuddetrhammapideedduiesedenCFokad whoveirstcamiact i on
with Figures 18and_19. . . . ]
group 52. The coil group is spirally wound and tightly
packed such that each turn of a wire is positioned
adjacent the preceding turn of the wire on the mandrel.
Further, the completed coil windings (Al, Bl and Cl) in
the first group are adjacent each other such that there
is no gap between the coil windings Al and Bl, and
between Bl and Cl. The starting position on the mandrel
for coil windings Bl and €1 is & distance W and 2 X W,

respectively, from the start of winding coil winding 21,
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[00'(59] FIGURE 18 is a schematic diagramof a fourth coil w nding
“rarrangenent 70 of three coil windings (A B, C wapped in two coil groups
12, 14 (A ', and A2, B2 and 02) on a nmandrel 18 i h coil
wi ndi ng ar‘?vgné]%f’?}@g‘f‘sg s simlar to the three coil w nding sﬁ%gv%ﬁo'iﬂﬁy‘l{—‘l&gure 1,
except that the second coil group (A2, B2 and 02) is wound in the sane
direction as the first coil group (Al, Bl and Cl). In contrast, the second

coi | groupyiAe B2 85d:82) wafadmhecfi bStcsiilesdddbayl awtadderent Thei s
wound in an opposite direction to the coil_wi nding direction of the first
coi | group COAR, vEBINGim@sCIP eATd fAh REgTenahal it ch ﬁaﬁb%n%ni”f“g‘o?ui tabl e
for use as .8 SN field winding for a four pole rotor, whereas the first
coil winding arrangenent is suitable for use as a stator field wi nding for
a two pole rotor. [0070] The fourth coil w nding arrangenent 70 incl udes

two groups [ ' ionBh @ ; F3cedfloA2cnB2 FaRgd 02 -
G oup 74) mGr%%fﬁt%gcqngr%rlgglfg v%th%egc%l%ﬁr%lg%i n e_spaced by gap (G

appr oxi mat elojleq@aloupo BRe wilde h QW1 ofwiserth &g . SRdféside frape 186 s

pl aced on gach.side of coils hgl d st hem.t o : | §Sotb- A% aBh:B2, and
01-02 for m%gaﬁ%rlélg pehé e (# e?%&\}vi %ﬂﬁ%g ni:L{n ﬁ$?%€%oé ?toﬂ)be t}s?edy\l?vi th a
four pole ralicerg tHoe madrel hewi sgambr éhiehdreaddmy polass, of heaabnised lof coi |
groups shoul e set to.be equal to hal f of r. ole.counts.
For exanpl é’,fda‘?%? af BFORGr €82 i?rﬁblpe%hg"t o%%%oﬁf%gﬁa\%gqtaﬁstla o$ #{i gqlc’d

wi ndi ng f orgednfe tduraer @il greeipse athe woorilth med untidtheofiantieelcdid st he
sane direction. [0071] Each coil group 1%, 4 1is for.ired.bé.vm' nc{i r}g .the -
‘wires in aif ghtISHR SMnikerd et Wb of @i FeLfsWinding (wi=in

a group. After the axial shift, the coil wires are wound
around the mandrel to form the second coil groups 54. The
winding direction is in the same direction as used to

“wind the first coll groups 52.

[0061] FIGURE 12 is a schematic view of a further winding
arrangement 50 after the mandrel 16 and the adhesive tape -
strips 18 are removed from the coil segments 24, 26. The
coiled windings are collapsed into a single layered web
56. The coil segments (Al‘, Bl’ and Cl’') 24 from the
first coil group are interleaved form the coil segments
(a1, Bl, €1 and A2, B2 and C2) 26 from the first and
second coil groups 27, 29. The coil segments in the web
56 are side-by-side along the length of the web 56. The
winding directions (see arrows) of adjacent three sets df
| coil groups, e.g., Al, Bl and C1 vs. Al’, Bl’ and Cl°‘,
are reversed. The winding direction reverses four times

along the length of the web 56.

[0062] FIGURE 13 is a cross-sectional end view of the web
56 wrapped into a double layered stator cylinder 58. The

layers of the cylinder each include two sets of the three
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adj acent the next in each coil w nding. The ends at the start turn of each
winding is indicated by SA, SB and SC respectively. The ends at the | ast
turn of each coil winding is indicated by EA, EB and EC, respectively.

Aut omatic coil w nding mechani sns, which are well known in the art, may be
used to automatically wind the wires around the mandrel. The wires of each
winding are first wound in a first direction (winding directions indicated
by arrows) to forma first group 12 of-a coil. The first coil group
conprises a pr.edeterm ned nunber of turns, e.g., 25.to 250, of the wre.
The v rot urd T BESE BT APy CRr G 13 hokisd 5o ERe PROIPS: SRl de
arrangenent gagaimgist ¢heosuthacgiektt heinmandicelp t2o faidn segdidle Amyer of
wound coil s. ['0072CJA separate wire is used to formeach coil wnding. As
shown in fiddr'e a9tk ee®t nEifatddshi FeLL( ATOBP @ -arlde IRfT WB¥ind the

nmandrel . Theiﬂ@lﬁi%l%sarc%iwﬂ'é@gu%@ b@gméﬁf@ b Ndsng @ir@ﬁt&@ﬂl_tfrcf@ ng he
first coil group (A, Bl and %&)7 of coils, the second coil group (A2, 32
and C2), andind f SepBeRbt 0Rr2Nas Bor e aanCRourchoresd) simsEsluéft c8id groups

(An, En and {ny1ap8kinghewn) - sEaRBne0i l e Ay, B. AL £QUTRSPORLS. & Sqparate
insul ated wire being wound about the mandrel. Each coil group, e.g., A, Bl

and O, has walssngnt faregtiore samre ndier 1) wisrli igetsuéhet haer et wi dt h
of each coilygroup . and;the spumber, af ttwr!zsg " %ggmgg%ingroyg hénts.
eh tg and nu r of tu?nsl%or each

substantially the sane. Simlarly, the w
coi | in one Roithegrourel scqprlefsrgising st hee .sane Hldr axld Dl hgoues 4m t he

coi | w ndi n%pplo%qzc?’e] Lg?ldjs_reuga&%‘%égglcpﬁté%ec?rfr%% %%%ntsa gi lcogioilq'ljt_)gdineq,g' ’
e.g. A, are on the opposite side of the cylinder.
Accordingly, current flows in each c¢oil winding in one
direction on one side of the stator cylinder and in an

opposition direction on the copposite side of the cylinder.

[0063] FIGURE 14 1is a cross—-sectional end view of the
stator cylinder 58 mounted on the inside surface of a
ferromagnetic flux return ring 60. The c¢ylinder may be
gilued to the ring 60 and the ring and cylinder may be
coated with sealants and other coatings well know in the
art for forming a stator. Further, the end turns 28 of the
coil winding that forms the stater cylinder are arranged
along an inside surface of the web to minimize the depth
of the ring and avoid electrical interference with the
stator segments 24, 26 that are parallel to the axis of
the ring ©0 and an axis of the rotor inserted in the

cylinder.

[0064) FIGURE 15 is a schematic diagram of the coil

winding arrangement 50 having three coil windings (A, B

and C) each arranged in a first coil group 27 (Al, Bl and

Cl) and a second coil group 2% (A2, B2 and C2Z) . The start
21



.the gap (G between a trailing edge of coil group Al and 25 a |eading edge
‘of coil group Bl, nay be the wwdth (w) of a coil segnent. This gap allows a
coil segnent to be seated in the gap with no overl apping coils when the
coils are MO0 nto a single | ayer web (See Fig. CT/VB87263 8 t er t he
first group of coil windings (Al, Bl, d) has been wound and before the
next group (A2, B2, C2) of coil w ndings is wound, the conductive wres

extendi ng_fyomegachs compl glieficR) | cAFAUPL Y 2180190 f 580 s aldna akeng the
mandrel . The axial shift noves the conductive wires fromthe trailing edge
of a conpl etesbddtriselyoi | fgroupack. §oila winding} edtheg iédfe WENE1B8cond
coi |l group, 4 , un F a r egz <Gkl W t oi |

gr oups, thetl%i‘rgt éﬁééaéeqt e ggrathShl ?iés&figgg?%ggtl{i}r%%g'thfe&w %?ﬁﬁ(w of
a coil w ndtoigl seigwimg. [0075] The axial shift will be different for

pol yphase coil w ndings having other than three phases and different
nunbers of. coil groups. In general, -the axial shift froma conpleted coil
group 72 tdoeciiemuGuRE If olp #4 crosswisecttibvahuee wifewodf grsdpglei nes

t he nunber of coil wndings, .mnus one. This axi shift, al .t h ]
provi de wi Hﬁ%e‘{ h%{?gcaér?bghftgﬁ ed TRt 0% %%’%lg%‘(g%a;yégr \t/:\ébg%ﬁ%og}lg
[0076] Fl GUREIY whadsngbe foai | awisnditeg .(Shohe iwed-i g2r d sl8fomhédr ofenoval

of the mandrel. The coils are flattf%atged into %usi ngl e Ie(%ered web 76. To
ensure propefitsit éfi e@\/i?@gop)coi?a gREREEI®BurihgttRe T4 aPPERI A8 Pr ocess,

a segment, &e&ups Al suchNad AT séngi de.of the e6ilsi arfhiwiasbexi ahl v

towards a position in_a gap between sel ected segnents, e.g., Bl' and d',

on an mandrel and formed in a web in the same manner that 1is.
described above in comnection with Figures 11 and 12. The
segments of the coils are flattened to form the web 62

such that the segments- do not overlap.

[0066] FIGURE 17 is a cross-sectional end view of the
stator cylinder 64 mounted on the inside surface of a
ferromagnetic flux return ring 66. The cylinder may be
glued to the ring, and the ring and cylinder may be
coated with sealants and other coatings well know in the
art for forming a stator. Further, the end turns of the
coil winding that forms the stator cylinder are arranged
along an inside surface of the web to minimize the depth
of the ring and avoid electrical interference with the
stator segments that are parallel to the axis of the ring

66 and an axis of the rotor inserted in the c¢ylinder.

[0067] The web 60 is arranged such that coils segments
formed on the same side cof the mandrel from two groups of
the same coil, e.g., Al and A2, are arranged opposite to
each other in the cylinder 64. The current direction is
the same through each of these opposite segments, due to

the manner in which the coil is wound on the mandrel.
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opposite side of the coils. The coil segments are arranged in the web such
“.that the segnents (e.g., A, Blr, A, d', Bl, A2, d, B2', A2, 02', B2
and 02') are in parallel and do not overlap. The coil seqgnents 24, 26
(e.g., A, WE2008485468 * B11 and C') are the portions offYTHEXRHHHAt wil
formthe stator sections adjacent the rotor. The coil segnents 24, 26 wl|
be arranged in the stator such that they are parallel to the rotational

axis of the,rotor., |00 0J 10Ssg sect i gnal yiewof the web
segnent s of S 1 & '76€¥%r %ﬁ&gﬁ;é ésleg{l/.'i [ ?ltg?l q%ls.&s't atg?ir faiﬂgled wi ndi ng 78.
The web is ¢i0d | esméntoid ayd ramiaaied hapepwstltionserireavee cylindegnent s.

The coil segpent (A t ot nd_of the wep, i S_ Wi o]  COI |
segment s (B%1 %?RF‘W%G‘}M %geie%?e%v%?népp?ﬁgégg%ﬁﬁéﬁ cs)eg{r:rgﬁt g& Se i nner
di anet er ofgédigerced | AOr dgal aAReb icursehst dflidvad | in t tiee dbamet di ref tiilos
interior dianeter of the statqQr. The stator gnment re, paral.lel to the
axi s of thetR¥AYFRIetReThEPPISH Fol EEPHED 5(3§§ ro?%$ r’esé"%’[lé%—bf/'" % he
North, Soutll,nNof¢d cSoutd PFesnt Nati@ct2dn Ehisughakxhel kygmentle Al
cylindrical 'stator field winding 78 fornmed by the web 76. Tge oi | rGsegmsnts
from each oindha2coi Thei paraggepants ofo)CAl” SPPRFREY 1R CHL1BEST 0P Such
that current_f Lt S LL i,0 oppRskEearelde ok hEnE sirat or .

[ 0078] FI GURE J;Z‘%\_/\g%%g\% ? e %ﬁ?ﬁ%riﬁgg Igogﬁgpegﬁstator field winding 78

i nserted i npoles f €XEWHRgABOVE Ahngigoret Bat- prBve deslarkbynefi @ AN return
path. An arboy may be inser It > el itpher, t | ipder -
forned by tH?2 %oi]%/o%%% to egfogrbqrps%l%%gl\:‘nm deﬁ%rgmt%%@{? D;ancﬁyt hdt;Ej
stator. Furthese pbreenilst separ@sedf byh@0cdelgrgiesdi nda arxataiesdngddhei ghtly

on opposite ends of each.segnment (at .Qppass ds, of 4 h at-of )
m nim ze t hWBtBYRY al Y 51AETT heﬁr}b%“?r.‘ 'IJhIg (?%é'gr%]e %’ecu% e?r?éo toie rée]fo%rn
path ring 8Q9uHSiHarya@rifyss Aeafwn-pulaidirbgonol Waving Tke séhgaed Netthn pat h

forma slotless stator. The cylindrical stator field WiE'%i n§078 may_be
i ncl uded i nPalfotaRd ord g&iddior SRRFINgPR ot atPRES ot? *Pol BOTER ord e

represented by rotQ5 RAFes aor BgEdks, SoutthdsR , terbieN) resdrSoudte (S) .
[0079] Whi | e"t'he I nvention has been described in _connection with what is
present|y coepresentedobyeNshen nbigupeacti c@l 2BAd pref erred enbodi ment, it
is to be understood that the invention is not to be limted to the

di scl osed enbodi ment, but on the contrary,_ is intended to cover varjous _
nodi f i cat i of968h@hequiivsilent LayeredeweRt s $¥eR u@8d WAk hPA: t FOTERY i PY and

scope of thghgppgggﬁd %Ir%bg&ng and flattening patterns shown in

Figures 11 and 12 can be used to create field windings

for stators to operate with rotors having more than four
magnetic poles. For rotors having more than four poles,
the number of groups in each coil_ should egual one half
of the number of poles. For ekample, three coil groups
(such as Al, A2 and A3) should be wound on a mandrel if
the corresponding rotor has six poles. To form stator
" coils to be used with rotors having more than four poles,
the winding -of the stator coils on a mandrel and the
flattening of the wound coils into a web may use the same
procedures described above in connection with PFigures

18and 19.
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WHAT IS CLAIMED 1S: 1. A nethod for making a three-phase field wnding for a
slotless stator including a plurality of coil wndings arranged in a first
coil group and a second coil group, said nmethod conprising: form ng
the first coil group by winding an insulated wire for each coil w nding
around a mandrel such that each turn of the wire is adjacent a next turn of
the wire, wherein each coil wnding in the first coil group has

substantial ly the sane coil width when conpleted and a separation between

adj acent c0|ﬂod% ﬂﬂlf$e%%géit o ?thO&Pa E@a gksta@ouagﬁbstagtlally

equal to the W one rm ng
the first comincgzrrﬁ;JparzaaugﬁdIﬂe;ntshidtoﬂgtalreag cohe nandrielgst hes,i nspl ated wire

froma trailin e of each .coil mnndl dIS ance substantially equal to
five tines tWﬁéhﬁ%fh”bf“ﬁhéﬂ @W@u@SWﬁI tgd dlﬁg a8 Hdsi 8P6ntehe wires
6

at a | eadi ngedgedofceachhn a mandrel 1 The fourth coil winding
arrangement is similar to the three coil winding shown in
Figure 1, except that the second coil group (A2, BZ and C2)
is wound in the same direction as the first coil group (Al,
Bl and Cl). In contrast, the second coil group (A2, B2 and
C2) of the first coil winding arrangement 10 is wound in
an opposite direction to the ceoil winding direction of the
first coil group (Al, Bl and Cl). The fourth coil winding
arrangement is suitable for use as a stator field winding
for a four pole rotor, whereas the first coil winding
arrangement is suitable for use as a stator field winding

for a two pole rotor.

[0070] The fourth coil winding arrangement 70 includes two
groups of three coils (Al, Bl and Cl - Group 72, and A2,
B2 and C2 - Group 74) wound on a mandrel 16 with each ceoil
being spaced by gap (G) approximately equal to the width
(W) of each coil. Adhesive tépe 18 is placed on each side
of coils to hold them together. Coils Al-A2, Bl-B2, and
Cl-C2 form a three phase field winding unit for a stator
tc be used with a four pole rotor. For rotors having more
than four poles, the number of coll groups should be set
to be egqual to one half of the number of pole counts. For
example, a stator for a six pole rotor should have a
stator field winding formed of three coil groups all wound

arcund the mandrel in the same direction.

{0071] Each coil group 12, 14 is formed by winding the

wires in a tight spiral where each turn of the wire is
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.of coil wnding in the second coil group; form ng the second coil
‘group by winding the insulated wire for each coil w nding around a mandrel
such that each turn of the wire is adjacent a next turn of the wire,

wher ei n ea™ ¥8¥85¢®ndi ng in the second coil group and MG/ 20EH 02612 | group
has substantially the same coil w dth when conpl eted and wherein a
separation between adjacent coil w ndi ngs In the second coil group is a

di st ance sub ant | aI @(reﬂg% ta té"‘uae {'l H?n f e compl eggd Wendi ngs;

removi ng tHBe e Wound Sec nd coi | ~groups;
col I apsi ng éi@rw)uﬁlfhfof séachl W1gddn|g alsd mmmca;ﬂﬂdalco‘ﬁk, gSBupmioSa: single

| ayer web such that ane re c | segnments fr first coil
gr oup |nter’F‘°e%E?/%C"b"e‘f?(/)3éé' %D aFn tsngPr@ &S Ylﬁﬁnsé)gfg]naae%ll dﬁoup,
and wrappi ngi 4&@engi N elhay@atmb byt @ Cehi nged Re f oresder tivalld .

wi ndi ng. 2. The pethod of claim 1 further corrprlsm unting the
cyl i nder orPaFCT#HEF SO add PR Ngh BRRRAR: SRgNERLED 13RE r%?gg qﬁ"’l‘“‘g‘

in the art, may be used tc automatically wind the wires
around the mandrel. The wires of each winding are first'
wound in a first direction (winding directions indicated
by arrows) to form a first group 12 of -a coil. The first '
coil group comprisés‘ a predetermined number of turns,
e.g., 25 to 250, of the wire. The wire turns are
typically tightly packed together in a side-by-side
arrangement against the surface of the mandrel to form a

single layer of wound coils.

[0072] A separate wire is used to form each coil winding.
As shown in figure 1, three insulated wires (A, B,-C) are
wound arcund the mandrel. The wires are wound in the same
winding direction to form the first coil group (Al, Bl
and Cl) 72 of coils, the second coil group (A2, B2 and
Cc2), and (if the rotor has more than four poles)
subsequent c¢o0il groups (An, Bn and Cn - not shown). Each
coil A, B, C borresponds to a separate insulated wire
being wound about the mandrel. Each coil group, e.g.,
Al, Bl and Cl, has substantially the same number of
windings such that the width of each coil group and the
number of turns in each coil group is substantially the
same. Similarly, the width and number of turns for each
coil in one coil group is preferably the same for all

coil grouﬁs in the coil winding.

[0073] The separation between adjacent coil groups, e.g.,

the gap (G) between a trailing edge of coil group Al and
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3. The nmethod of claim| wherein the interleaved coil w nding segnents in
the web include adjacent coil w nding segnents fromthe sanme coil w nding.
4. The method of claim3 wherein wapping the web positions pairs of

adj acent coil w nding segnents fromthe same coil w nding on opposite sides
of the cylinder. - 5. The nethod of claim1 wherein wapping the web

i ncl udes i Bt &relasHVion s 10w ¢l h P Eegpreht s Fe¥nPBnehenyi8Eht HE)web wit h
coi | wi nding fram pesit e £, 9f St he, web £ 0 he nmet hod
of claim 5%\/\/?1(2(?%?‘;%%%@%&1 ag\llhj(l:)lgl %Ipse%rrentés) Pr on? oppggig%ngnendso of the web
are interl eaagddsuch tthat the sedgirenhs aremrdigoent aoddsl wherdi hgesegnent
fromthe sane _coil w nding. . . 7. The nmethod of claim 1_ further

conpri si ng @ rital Egaégﬁﬁéét ijr{bt%naer‘?&ngleea AYEHi "SR ntF HY ﬁ-”&ga common
term nal andyconnecting an opposite end of each coil winding to a term nal
connectable to a respective phase of a three phase power supply. 8.
The nmethod of claim1l wherein a winding direction of the second coil group

I's opposite o 4 WMAdiNg dLreGtiQn of the ki ek 1cQbdn QWP (a1, B1,
Cl) has been wound and before the next group (A2, B2, C2)
of c¢oil windings 1s wound, the conductive wires
extending from each completed coil group 72 are shifted
axially along the mandrel. The axial shift moves the
conductive wires from the trailing edge of a completed
first coil group, e.g., AL, to a leading edge of a
second coil group, e.g., A2, to be wound. For a three-
phase coil with two coll groups, the distance of the
axial shift is five (b)) times the width (W) of a coil

winding segment.

[0075] The axial shift will be different for polyphase
coil windings having other than three phases and
different numbers of coil groups. In general, the axial
shift from a completed coil group 72 to a new coil group
74 is twice the number of coil groups times the number
of coil windings, minus one. This axial shift algorithm
will provide windings that can be folded into a single

iayer web of coils.

[0076] FIGURE 19 shows the coil winding (shown in Figure
18) after removal of the mandrel. The coils are
flattened into a single layered web 76. To ensure proper
interleaving of <c¢oil segments. During the flattening
process, a segment, e.g., Alf, on a first side of the
coil is shifted axially towards a position in a gap

between selected segments, e.g., Bl and Cl’, on an
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9. Athree-phase field winding for a slotless stator conprising: a
plurality of coil w ndings including a first coil group and a second coil
group; a cylindrical web including the first coil group and the
second coil group coll apsed such that one or nore coil w nding segnents
fromthe first coil group are interleaved between coil w nding segnents of
t he secondoppidsigroupideherdi nthke cplilsdri Eak webils Sepmeatisn &rfrocess
conpri si ng: form the first coil. group i ing irst.spiral

wi ndi ng of 3&¥3FE a]tr?adp]a?r gePorS%cgbhgfé%T'l t\gmendﬁenqﬁg%eqﬁgyﬁw(%d% hg %\‘%e’wi re
around a ngndrelpsuchithatgigackp t urgiof gohe waze ce'adjprendna gexy turn of
the wwre and a gap between adjacent coil windings on the mandrel in the
first coil ageodp irgraidslamnialdy RRuaPveblabwi GEf 6P14 E6PMSREAdPAg in the

first group, d ormng the sgeond,gokh rgroup i-pel vudi-igassecond
spiral wi n%GnS(%dfg't’héﬂl’ns% ’atr%i(} vng?e' for each coi ? w ndi ng, i‘il)by W ndi ng the
W re aroundfa teandweb shel twioll efichmt ghe oftatur weeetignadpddenend next

turn of the wire, wherein each coil w nding i t“Q@f cond_coil group and

the first &&9 Grdlpy hHLe suBitartPBERY St Ké s dfh™#hER™compl et ed,

a gap between adjacantscH ltandings SRet PeraRNELekol Rhkhe csataBHaCoi |
group is substantially equal to a wdth of a coil winding in the second
group. axis of the rotor.

[0077] FIGURE 20 is a cross-sectional view of the web
segments of the web 76 formed into a cylindrical stator
field winding 78. The web is rolled into a cylindrical
shape with interleaved coil segments. The coil segment
(Al") at the end of the web interleaves with other coil
segments (B2’ and C2’) and does not overlap these other
segments. The inner diameter of the cylindrical web is
substantially the diameter of the interior diameter of
the stator. The stator segments are parallel to the axis
of the cylinder. The four pole roter (see <rotor
represented by the North, South, North, South poles in
Fig. 21) fits coaxially in the cylindrical stator field
winding 78 formed by the web 76. The coil segments from
each of the coil windings (A, B, C) are arranged in the
stator such that current flows in the same direction on

opposites side of the stator.

[0078] FIGURE 21 shows the cylindrically shaped stator

field winding 78 inserted into a ferromagnetic ring 80
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. 10. A three-phase field winding as in claim9 further conprising an annul ar
"magnetic flux return ring and the cylindrical web is nounted on an inner

surface of_the ring. 11. A three-phase field w ndi r_}%‘éas in claim9
wher ei n t KO 298484y ed coil winding segnents in the wel SN S H P acent
coil w nding segnents fromthe sane coil w nding. 12. A three-phase

field winding as in claim1l1l wherein pairs of the adjacent coil w nding

segment s f 9@t hg-SAMRCY Indiduti 19 81€x0RcepPAShhEnSi dem chrbbe ewhi nder .
13. Athree-phase field winding as in claim9 the wherein coil _w ndi ng

segnent s f kem dpeeshgdofintfe alBRER PPEERRRN OF c&Pe WP¥dRGSTegnent s
from an OD%%%iz&e%%ﬂ e L8 Yefeh to esthbliAn Niee- thaseefi glidmaicedi ng as

in claim13 wherein the coil wnding segnents from opposite ends of _the web
are interl damd slcthe (ettatde Fagrdms dike epdcemna 2% PEwWFRE f@idegnent s

cl ai m 6 whaPRIGI AP CRBC of LEEBRoSo TR LY g™y S adt el 18 & Sonesy |

term nal antkegrerapptst tepmoelind eadd odi lthe rdiatpi)s tomesivgzeo the

rter m nal COerneerCaflalbl gt‘égo% rheesipﬁ'% .i ve 'Fﬁgsecooiflsa %I}Eeesg‘l_:@égdp%r 'f:sl'hL'_DpI y:
return path ring 80 using various means including
molding. The web and return path form a slotless stator.
The cylindrical stator field winding 78 may be included
in a motor or generator having a rotating four pole rotor
represented by rotor poles North (N), South (S), North
(N} and South (8).

[0079] While the invention has been described in connection
with what is presently considered to be the most
'practical and preferred embodiment, it 4is to  Dbe
understdod that the invention is not to be limited to the
disclosed embodiment, but on the contrary, is intended to
cover vwvarious modificationé and eguivalent arrangements
included within the spirit and scope of the appended

claims.
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16. A three-phase field winding as in claim9 wherein a wi nding direction
of the second coil group is opposite to a wnding direction of the first

coi | group. 17. A three-phase field winding as in claim9 wherein
the second coil group is wound in the same direction around the mandrel as
the first coil group. 18. A nmethod for winding a field for a

el ectromagneti ¢ pol yphase devi ce conpri si ng: spirally winding a

plurality of insulated conductors about a nmandrel to forma first group of
coil w ndin [el he first group of coil w ndings includes a w nding
segnent %@Bﬁf@%@ﬂgﬁwﬁiéﬁ%f the wi nding, and wherein the wound coils in the
first group is imedi ately adj acent on the mandrel at |east one of the

ot her wound cpils Anmtied ffbf akeipoupthree-phase Sihlidf winding foreaglatless stains
conductors axially along the mandrel a distance substant| to a
Wi dt h of inchdingpluratiod afoil windiags Franged St sol gmu%%dk ?e%éll“g &?'#gﬁ%i st ance
substanti ally..equ .0 t.he wdth of the wound coils fromthe first group
froma t?aé‘%lfr%éﬂggé%%igh%?ét he first group of coi| windings, spiral {nﬁ wi ndi ng
a second gr ouforeingcibic! first coibgmapeywwindinggar inseletedowirg 407,€8H LY VIS j r st
group, wherein the seco roup .of L S, t-DG A Mhadithe SetkeRirefrom
each phageusd %W@W%ﬂ%cﬁg}lgta??&ﬁvﬂ‘%r éfnmetwgg%égf%é%oi s in the second group

formed apg.idaresinaddl wirki@eti fast téib groupdies| substartadly tthe seme ol Heddt her
wound coils 1 h the second grou

oup; . renoving t.he .mand f tenin
the coi | whentoempletedand giseparaiipsrhetesaidjasenisPi I‘ig'?‘i‘llégsg ”g’%epﬁlg#c se%%%‘%?tsa f romg
the first, coil s&rs&HJ?alg}péqEEHO%@’iﬁegm stitglecipléteewiralinpsel are interl eaved
bet ween fif’f ¥ I seghent

oup o s fromthe first coil group formed.on the first
side of the mafielr fkmimgdhe fiestgot igrour, asisyshifing ?leﬁgmf‘eg@%%‘a’n C&‘aﬁ“iattﬁfoup
formed Or\];vixt'ehf?'oéllar t%éﬂnfg' Qfgeoc‘;f LC PO e 2 ARfince substantially equal to five times

the width of one of the completed windings to position the wires at a leading edge of each

of coil winding in the second coil group;
forming the second coil group by winding the insulated wire for each coil winding

around a mandre] such that each turn of the wire is adjacent a next twn of the wire,
wherein each coil winding in the second coil group and the first coil group has
substantially the same coil width when completed and wherein a separation between
adjacent coil windings in the second coil group is a distance substantially equal to the
width of one of the completed windings;

removing the mandrel from the wound first and second coil groups;

collapsing the wound first coil group and the second coil group to a single layer
web such that one or more coil winding segments from the first coil group interleave

between coil winding segments of the second coil group, and

wrapping the single layer web into a cylindér to form the field winding.

2. The method of claim 1 further comprising mounting the cylinder on an

inner surface of an annular magnetic flux return ring.

3. The method of claim 1 wherein the interleaved coil winding segments in the

web include adjacent coil winding segments from the same coil winding.
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wrapping the web into a two-layered cylinder in which coils fromthe first
group are overl apped coils fromthe second group forned by the sane
conduct ors. 19. A nmethod as in claim18 further conprising
mounting the cylinder on an inner surface of a magnetic flux return ring,
wherein the coil segnents are parallel to a center axis of the cylinder.
20. A nmethod as in claim 18 wherein the plurality of insulated conductors
is three. 21. A method as in claim 18 wherein the coil segnents
formed on a first side of the mandrel in a first group overlap with coi
segnents fornmed on the first side of the mandrel in the second group.

22. A met hod ds i Thel metod ofntleine| h whsesie ovtapriag e tveetf ppsieersonalss ebcond

side of the ndrel jn a fi 0 k- [ d on
he secdiieanaeib il fegrhfelf o95° R SERLLAE Whilly W boRERESRS grARATEC 7
i n cl ai pylifidswherein a first of the layers of the cylinder are forned by
coil segnents of the first group and a second of the |ayers of the cylinder
are fornmed by coil segnments of the second group.

5. The method of claim 1 wherein wrapping the web includes interleaving coil
winding segments from one end of the web with coil winding segments from an opposite
end of the web.

6. The method of claim 5 wherein the coil winding segments from opposite
ends of the web are interleaved such that the segments are adjacent a coil winding segment

from the same coil winding.

7. The method of claim 1 further comprising electrically connecting an end of
gach coil winding to a common terminal and connecting an opposite end of each coil

winding to a terminal connectable to a respective phase of a three phase power supply.

8. The method of claim 1 wherein a winding direction of the second coil group

is opposite to a winding direction of the first coil group.

9. A three-phase field winding for a slotless stator comprising:

a plurality of coil windings including a first coil group and a second coil group;

a cylindrical web including the first coil group and the second coil group collapsed
such that one or more coil winding segments from the first coil group are interleaved
between coil winding segments of the second coil group,

wherein the cylindrical web is formed in a process comprising:

forming the first coil group including a first spiral winding of an insulated wire for
each coil winding, by winding the wire around a mandrel such that each turn of the wire is
adjacent a next turn of the wire and a gap between adjacent coil windings on the mandrel
in the first coil group is substantially equal to a width of a coil winding in the first group;

and
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24. A nethod for making a three-phase field winding for a slotless stator

I ncluding a three coil w ndings, said nethod conpri sing: formng a
coil group of the three coil w ndings by winding an insulated wire for each
coil w nding around a mandrel such that each turn of the wire is adjacent a
next turn of the wire, wherein each coil wnding in the coil group has
substantially the sane coil w dth when conpleted and a separati on between
adj acent coil windings in the first coil group is a distance substantially
equal to the width of one of the conpleted w ndings; renoving the mandrel
from t he wounfdrminiglthgsaopd coil groupcinthudingi angpcoink spical mdndiog lof greompulateth t hat

coil w nding se nts .froma first side of the mandrel interl eave bet ween
coil wi nﬂ}fﬁg‘”sf‘@gﬂgﬂlﬁ ip 185?1%%‘”6’&5’@3@? &V ?fg"“ﬁfa gﬁ‘?gﬁ"lf:hgf‘attega} é’r‘?no singl e
| ayer wefpe waflis adjacent aMekP RirR Of tHeewRé, \theReih RUEH coMPRindMOinathé€ ¥édondesilt 0 form
the field wnding, wherein a coil w nding segment on one end of the web

i nt er | eagresp ped thedhsteeil|groupisis sabstagiabn the same gail sridibovhen coppleted, e8P web and

wi ndi ng n . cil_wndi: ] |t ' : t he
oyl i naar RENEETidacshO Byt U ARort e mill NIPLEoRE OR BN € sibliitafly |10
t he cyl i agel toerwidth ofrimil windihg drethefse@ndggngt i ¢ flux return ring, wherein
the coil w nding segnents are parallel to a center axis of the cylinder.
10. A three-phase field winding as in claim 9 further comprising an annular
magnetic flux return ring and the cylindrical web is mounted on an inner surface of the

ring.

11. A three-phase field winding as in claim 9 wherein the interleaved coil
winding segments in the web include adjacent coil winding segments from the same coil

winding.

12. A three-phase field winding as in claim 11 wherein pairs of the adjacent coil

winding segments from the same coil winding are on opposite sides of the cylinder.

13. A three-phase field winding as in claim 9 the wherein coil winding
segments from one end of the web are interleaved with coil winding segments from an

opposite end of the web.

14. A three-phase field winding as in claim 13 wherein the coil winding
segments from opposite ends of the web are interleaved such that the segments are adjacent

a coil winding segments from the same coil winding,.
15. A three-phase field winding as in claim 9 wherein an end of each coil

winding is connected to a common ferminal and an opposite end of each coil winding is

connected to a terminal connectable to a respective phase of a three phase power supply.

31



26. A nethod as in claim?24 wherein the coil segnents do not overlap when
collapsed to the web and interl eaved between coil segnents. 27. The
met hod of claim 24 further conprising electrically connecting an end of
each coil winding to a conmon term nal and connecting an opposite end of
each coil winding to a termnal connectable to a respective phase of a

t hree phase power supply. 28. A nmethod for making a three-phase
field winding for a slotless stator including a plurality of coil w ndings
arranged in a first coil group and a second coil group, the method
-conprising: 16. A thisepiasd fieldfwindihg aoinl clamotwhérying wisiding divectionsofitiad ed wire
for each coil winding in a first direction ound a, mandrel such that each
“turn of SCFRAAGOH W 15 APRASER 0 AVHGRES Wﬂo%?F%ﬁng?‘égmﬂPrerei n each coil
winding in the first coil group has substantially the same coil w dth when

conpleted and a separation between adjacent coil windings in the first coil
group i s a dil§t ancé thigbphasstiichd imnding e intcdpimHbwhgrgintthe second coit gromp is

| et ed windings: . .. aft i ng the. Eirfst: CQi Caxially
SoPE P atan S e dirccrion Yrdla hORRBAIGL AR Bl 8l gl 9T ovR, An Ay

coil winding a distance substantially equal to five tines the width of one
of the conpl eted windings to position the wires at a |.eadi ng edge .of each
of coil windilfg it &8 dorna b agﬁeﬂép%r a clectrompghetig RN RS oi |
group bysopiprdingg the insulated wire for each coil winding in the same first
direction around the mandrel such that each turn of the wire is adjacent a
next turn of sphallywindingwmpluedlity ebingulgisil condustirnabaut a mppadesd sofrmcofiist gr oup

and the gfringps bt %811' windings, wherein the first group of coil windings includes a winding
| segment from each phase of the winding, and wherein the wound coils in the first group is
immediately adjacent on the mandrel at least one of the other wound coils in the first
group;
- shifting a length of the conductors axially along the mandrel a distance
substantially equal to a width of the wound coils in the first group;
starting at the distance substantially equal to the width of the wound coils from the
first group from a trailing edge of the first group of coil windings, spirally winding a
second group of coils in a same winding direction as used for the first group, wherein the
second group of coils includes a winding segment from each phase of the winding, and
wherein the wound coils in the second group formed are immediately adjacent on the
mandrel at least one of the other wound coils in the second group;
removing the mandrel and flattening the coil to form a single layered web in which
the group of segments from the first coil group formed on a second side of the mandrel are
interleaved between the group of segments from the first coil group formed on the first side
of the mandrel and the group of segments from the second coil group formed on the first
side of the mandrel, and
wrapping the web into a two-layered cylinder in which coils from the first group

are overlapped coils from the second group formed by the same conductors.

32



group has substantially the same coil w dth when conpleted and wherein a
separati on between adjacent coil windings in the second coil group is a

di stance substantially equal to the width of one of the conpl eted w ndings;
removi ng the mandrel fromthe wound first and second coil groups;
col | apsing the wound first coil group and the second coil group to a single
| ayer web such that coil w nding segnents forned on a first side of the
mandrel are interleaved with the coil w nding segnments fornmed on the
opposite side of the mandrel; and wapping the single |ayer web into a
cylinder to fism tAendihe gk ind ¢laiin@8 further comprising mounting the cylinder on an

inner surface of a magnetic flux return ring, wherein the coil segments are parallel to a

center axis of the cylinder.

20. A method as in claim 18 wherein the plurality of insulated conductors is

three.

21. A method as in claim 18 wherein the coil segments formed on a first side of
the mandrel in a first group overlap with coil segments formed on the first side of the

mandrel in the second group.

22. A method as in claim 21 wherein the coil segments formed on a second
side of the mandrel in a first group overlap with coil segments formed on the second side

of the mandrel in the second group.

23. A method as in claim 18 wherein a first of the layers of the cylinder are
formed by coil segments of the first group and a second of the layers of the cylinder are

formed by coil segments of the second group.

24, A method for making a three-phase field winding for a slotless stator
including a three coil windings, said method comprising:

forming a coil group of the three coil windings by winding an insulated wire for
each coil winding around a mandrel such that each turn of the wire is adjacent a next turn
of the wire, wherein each coil winding in the coil group has substantially the same coil
width when completed and a separation between adjacent coil windings in the first coil
group is a distance substantially equal to the width of one of the completed windings;

removing the mandrel from the wound coil group;

collapsing the wound coil group such that coil winding segments from a first side
of the mandrel interleave between coil winding segments from an opposite side of the

mandrel to form a single layer web, and
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wrapping the single layer web into a cylinder to form the field winding, wherein a
coil winding segment on one end of the web interleaves between coil winding segments at
an opposite end of the web and winding segments from the same coil winding are on

opposite sides of the cylinder.

25. A method as in claim 24 further comprising mounting the cylinder on an
inner surface of a magnetic flux return ring, wherein the coil winding segments are parallel

to a center axis of the cylinder.

26. A method as in claim 24 wherein the coil segments do not overlap when

collapsed to the web and interleaved between coil segments.

27.  The method of claim 24 further comprising electrically connecting an end
of each coil winding to a common terminal and connecting an opposite end of each coil

winding to a terminal connectable to a respective phase of a three phase power supply.

28. A method for making a three-phase field winding for a slotless stator
including a plurality of coil windings arranged in a first coil group and a second coil group,
the method comprising:

forming the first coil group by winding an insulated wire for each coil winding in a
first direction around a mandrel such that each turn of the wire is adjacent a next tumn of the
wire, wherein each coil winding in the first coil group has substantially the same coil width
when completed and a separation between adjacent coil windings in the first coil group is a
distance substantially equal to the width of one of the completed windings;

after forming the first coil group, axially shifting along the mandrel the insulated
wire from a trailing edge of each coil winding a distance substantially equal to five times
the width of one of the completed windings to position the wires at a leading edge of each
of coil winding in the second coil group;

forming the second coil group by winding the insulated wire for each coil winding
in the same first direction around the mandrel such that each turn of the wire is adjacent a

next turn of the wire, wherein each coil winding in the second coil group and the first coil
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group has substantially the same coil width when completed and wherein a separation
between adjacent coil windings in the second coil group is a distance substantially equal to
the width of one of the completed windings;

removing the mandrel from the wound first and second coil groups;

collapsing the wound first coil group and the second coil group to a single layer
web such that coil winding segments formed on a first side of the mandrel are interleaved
with the coil winding segments formed on the opposite side of the mandrel; and

wrapping the single layer web into a cylinder to form the field winding.
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