CO L W NDI NG METHODS AND STRUCTURES FOR A SLOTLESS
STATOR I N A MOTOR CROSS- REFERENCE TO PRIORI TY
WO\RPBAEHAG ON [ 0001] This application clainms theChes®h1/026312
of US. Provisional Application No. 60/877 ,373 ,
filed Decenber 28, 2006, which is incorporated herein
by reference in its entirety.. FIELD OF THE | NVENTI ON
CPOQOPEINDING MRABD D ANR | SITRIFCTURES af Ok SAf BLOTLESS STATOR
el ectrically powered notdra. MbmOparticul ar, the
invention relates to nmethods for form ng a pol yphase
field winding froma plurality o f coil wndings for a
CRO S + REEEREMCBr TD0oPRADREMYaAPRE ICHWITEON ( AC) and
direct current (DC) electric notors and coil w nding

ol ogi es for, such. stator,s.. BACK ND_CF THE
o RRERRTEN (001Dt SF o CORVERR | ofEl y REVELAR arfifl al’-S-
PEORE O oS4 I oAl DEa i 6! iN6lr i Gl gNeT7 3 ot o4, 1 & d Ik ember
air %ap bet ween the stator and rotor. The stator

28 ypic@A6l,y WVheFDdes ainrergowpRgfindgor Hed bivr oreference in

. £ON ] coil windings. There are a plurality o f
l%%iggﬁiﬁ%ﬁxgs in the field winding for a pol yphase,

e.g., three phase, notors. Each coil winding is forned

F a%@nO%néﬁgﬁ%ﬁggﬁeeeﬁCtor’ e.g., a wre, which extends

and ong the length of the stator.
Al ternating current through the coil w ndings creates

[0802]ot1t & nd releentirmagaehtesf i) dstacblhe hedt owle@ddiemlly
of the cylindrical statqor. Arotor in the stator is
PRURTRY BYCORS -r otat PRG tHiCAIl@ 0002 Aryeatdorcorglates to

mdE i Ng £S5 Cauentipnal l]}ﬁoﬁ%ﬂsgebny‘%QHi N¥iAding from a
conductive coil(s), e.g., wire, around a

plurality of coil windings for a slotless stator for

alternating 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 formed from conductive coil
windings. There are a plurality of coil windings in the
field winding for a polyphase, e.g., three phase, motors.
Each 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.



mandrel ; renoving the mandrel fromthe wound coil (s);
col l apsing the wound coil (s) to a web, and w appi ng

wodaesylket 0 forma cylinder to b e included i pA/US2007/026312
stator. Known topol ogi es and nmet hods for w nding coil
wi ndi ngs are disclosed in: U S. Patent Nos .
3,813,267; 5,197,180; 5, 425,165; 5,619, 085; 5, 714, 827;

[0604355, 893 ro@nc&i V9 Wi2dingThese ctcm\aertm@qatlely feathed by
for slotless stator coil togpologies and w ndin

wifgtiils & ha®oRFeCE &Y Et | GOy (Edsy &nd@ ne%ﬁe‘ﬁ%« ve aygund a

maifeldr M r%% LV dReanehieet i Verdh eliham lRG fobid(s) ;
st at or’. RY“CF THE 1 NVENTI ON [ 0005] Novel coil

cofi Ireh signd opbdaognoetsldarmbnbmbd@f@ wehdi Agdcoitapring the
formthe field

oL, a s].0t] ess. tat
webhi 5P %%“n%t%}’ﬂ%asfb&n (ﬁ’evenlcolﬁled rg cosl"o at\-'/vlgﬁd nlénown
tHEL R e aRdhdrigde foH f adaddhea kil retudings are
ring, and forman annulus around a rotor that i

digsbased t dnthe SEaSor BTt B9 i ﬁgSlélfgéFroln%t t9é,180;
5 LE AP 8L ghQ 1y col | g5 0 f Ehasstabar,  ang
Ve q ang 3

‘e rotdr at a speed t'or que dependent “on the
6 proter22f . theeappliiced claog r bebti neeforfoe: ghetless stator

el ectronptive force is ically a po ase
CQﬂ%gFﬂagﬁﬂglEErﬁgé E§X88I95 ’o@ﬁckﬁgg gre relatively
eddy esn@hﬁ%@xﬁ&y%éa% e ovhat oind igteh MdadhAgeffective
I ncl udes a separate coi mnndlng for each phase of the

fiAQ dovirading [D@062 Thetesil winding topol ogies
di scl osed herein are al so applicable for use as a
stator in an electrical generator. The w ndi ng net hods
SUMMARYNOER | Pie DHVENWMONI ngs, e.g., three (AL B, O,
for a polyphase, e.g.,three-phase, slotless stator.

[08@ Stgge CS&El“‘&Q%@%ig 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 surface 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 torgque 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

phase 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.,
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may b e used in a small notor for a blower in a sleep
apnea treatnent device. [0007] A nethod is disclosed

womigesdsdsor maki ng a pol y- phase field w ndi ng,pcausRo@®26312
a three phase field winding, for a slotless stator

including a plurality of coil wi ndings arranged in a
first coil group and a second coil group, said nethod
t hrerpiohsissy:; fsdpmllega hetétost cBi¢ GtaPy CRilAdi Hinahngs

I nsul at ed re for coil w d|n a n ndre
mayy et églaéﬂ aUrﬁm8 E - olrsg%d;bgc%e raafﬁe% Sleep
apnidan tdfedtheend ra@eviderein each coil winding in the

first coil group has substantially the sane coil w dth
when conpl eted and a separati on between adjacent coil

[O(WJ?E% NSl the &ié@logeal hekeup ifprad ndi]@itr?@C@ poly-phase
stantially equal to the width of one of the

f iedip lvetreti vg ndsngk ; asf sethireeniohgsehd fekdtwieing, for a

axi_al ly shif al Qng h relct
S%%‘Fgﬁ%aﬁ eatﬁ‘nt? fjr%ﬂilégg?%l 1 nﬁFL gaggg?' eclélch%%lll windings
arMa§y andbstrinas: subsl agtricalpl yarefjual seedhidvecéiegroup,

the width o f one o f the conpleted w ndings tq
S%l@@@hoﬂhéqmpr%lé’cg a2 FRERIRG &dGe %%r%*écﬁ%fl HHoup by

wfﬁ ngahn %Eﬁlé% Ang;;GA £ GF olR-n £8L A RE AdiErFeerPBEna a

gr oup vanlngthelnsulated wre for each coil
mamdmhlngsar:hurtchat meadhel tgug h ofhatheaehi teur hsofadjmcent a
wire i s adjacent a,next turn.of the wire, wher |n each

neeantmdpﬁgq tFLT Sec YRGS GdUpCRAY PHEH TS the

£1GQld ebwp é}&ﬁﬁua&fsanéwétanth@m@n&wl ‘saWedtcfbi/meﬂudth
conpl et ed erein a winding direction o f_the

wfwcon@n@dlelte@r oapdi sat MeRAIML BN oPVPIREA t @djgcent coil
w1ncﬁﬂgnsg d' rect 'I%] of 1&%61‘: f'ééllco'drog.{ uplgnd £ 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 around a 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 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 coil windings in the first
coil group is a distance substantially equal to the width

of one of the completed windings; removing the mandrel
3



separation between adjacent coil windings in the first
coil group is a distance substantially equal to the

woNoos/68sede one o f the conpleted windings; renmpomgs:2bive312
mandrel from the wound first and second coil groups;
col l apsing the wound first coil group and the second
coil group to a single |layer web such that coil ]
fromdiing weymantfifsonante fdamid codil gomempstt e¢d bhgpsing

enf STy 06145 001 19 EATEnLs Ol e B8P 201 droup o 3
sigiienderyd® f& s hbr thetdcwindiwiadiPWHdgents from the

pol y-phase field w nding, such as a three-phase field
figisidignil forowp sivEpEssageabetviesrdicsyllogending segments
ompri sing., sa J:uralj of 1w ndi ngs acl bdi g, a
Of?i%% %%??ngr ocgipﬂan%kéxgécgglgi c%fll\%&girrg%p;thtg heéifcl’llg{lget layer
wetiintgr euyInaldel ngo af drmsthspfialdwwinddnggoef an
insulated wire for each coil w nding, wherein the wire
is wound around a mandrel such that each turn of the

[0008]& | BoddiBEABE Af NEXE tHMuidlg t heushr eaein@ atgape-phase
between adjacent coil w ndings on the mandre| in_the
fifglst wdlngoupfPE substahPraPsy e§EAILOTo a S dEhsSeLosed

cdhefildi ndln0 nh NG dY F ol OEBYR: LhRasAEANdiRRTLaing a
glpoup i ncl u |n8a second spiral w nding of the
fiimssul @t edd g oepf andeac s eoohd weadll ngrowper gile thierskr goil

TR LOCLAPRBEN a TRERE 1SS} PREH I, ohndri RoBlERted
wiG | £¥Ndieh | olihe §e8QIHgCOIMhaFOUP @AG theréi iy wound
coil group has substanti al ?y the same coil _w dth when
amsonyl epednandyap beegkerthad; acaeh cbrrnw @fi fdie o it 1S
R0 o RPRen SRR B RELRASe R R Gap petveen
adfsndgnht ageia windiingsdi srecthen marfdndie secahe chitst coil
group is substantially equal to a width of a coil winding
in the first group; the second coil group including a
second spiral winding of the insulated wire for each coil
winding, wherein the wire is wound around a 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 group has substantially the same coil
width when completed, a gap between adjacent coil
windings on the mandrel in the second coil group 1is
substantially equal to a width of a coil winding in the
second group, and a winding direction of the second coil
group 1s opposite to the first coil group, and a
cylindrical web including the first coil group and the
second coil group collapsed such that coil winding

segments from the first coil group are interleaved

between coil winding segments of the second coil group.



group is opposite to the first coil group, and a
cylindrical web including the first coil group and the

wO0S06s384660i | group col | apsed such that coil WwpegjuRg007/026312
segnents fromthe first coil group are interl eaved

bet ween coil w ndi ng segnents of the second coil
group. [ 0009] A nethod is disclosed for nmaking a

(0009 eerphassd il divebhdseg for maXicid esstiste¢ephase field
i ncl udi ng a three coil w ndings, sai

d
wighpa sithy: PorstPgleseoi Ry p@qlq%‘;\'thpeetg&ele coil
w1\94d1 9@8 Dy g Iﬂgtﬂgdaeofnﬂ§HE§h%d Wy ifrRf aea@&pogfoup of

I'ng around a nmandrel such that each turn of
thm rtshzre;e adpatemindingst hwrwindingean dasudtpdred iwkaehfor

' W|nd| in the figks oy a S
eatcﬁ’ecs ?l{}\?d?ﬁo%éngc%%pnfi&%ed sglrﬁzgl Zttiéjega%a'?ﬁ BhkX of
tHeet weea Q.(H ag@phcenit! av pedixwgsturnt kg fthet wiaid, gwhapein
is a distance substantjally equal to the wdth of one

eaéfhthéoéénpl‘é%léﬁlvﬂndl%s thénovi #§Sthe GRibbr 959 has
i r eC | I h n
S‘i‘%ﬁ%%m fégl :thg el qp%{@?ﬁ HaRy goﬁﬁnbtgw%d a

|ng segrrents roma first side of
s drleer atairah ebeitmeenl eadpaben earoichi w1wdn@lgl$g segr‘téfrﬂ sfirst

r.om an opposit of the mandr and t he
GBSy T el FREBCE SYPEAGRT 1 Portithe Ferge Midth
ofWi BHENG £ WaBEEI dbnp Lot dd V\/wfidlldriglg%@gWﬁéﬁloﬁmngnet}&ndmaﬁdrel

the web interl eaves between coil w ndjng segnents at .
from ofspesi VeuBAd ©P11heINREP andE i Jrﬁcmﬂgn%edamw FouGy coil

rt S&TEn F W&gifgw h8if %%‘ﬁ?é 98§1 %fdfﬂest side
‘ g | nder . Blng] A rret% gl g I sC osed or winding a
oﬁ [ ehd fraindaredl en:ntemhgaem (bE{I[WQEHh&SGlﬂiG\WJO’Hing segments
conpri sing: spi raI I a pl u ty of i nsul at ed
%hdﬁ’&t(ﬂ*%’ ndt |tﬁs ¥4 r 8Py PRy the
siGRile Wl"&i}éigs,wé’ﬁ‘eﬁ@itrb a cyllnder 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.

[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 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



the wound coils in the first group is inmmediately
adj acent on the mandrel at |east one o f the other

wowouEssei | s in the first group; shifting a | eegius20§7/026312
the conductors axially along the mandrel a di stance
substantially equal to a wwdth o f the wound coils in
the first group,- starting at the distance o

a stibsihntpal ¢doequd thet héiwsdt londup he@fwogadlcovindings,

f.romthe first group fro trailing edg f. the firs
SPGGup Yof Y¢S ndf n&?,cogﬁ r &YW ﬁgi ngoglgecgﬁd ' Sbame
Wig{da_lll)gl ofig8ktsohn & sagng el nghe rﬁ_(;fé@hg&fbuyﬁedwhétein

the first group, wherein the wound coils in the second
thgr oupotpAnedE Al | mvBdi dtefy 8ECRBENt FFOWRe Fotdied are
. at_J.east, on e hl s n fi
Ak e e T T P
otfreirMm avasinty| ecdidyer edch wetthé ncf ids ng @oohp segrnemosifigonthe

ek o O G BERSPARS R (G BB M & LU Levered

wer ayereth,gyhhndeloiin Wakghef®k! s ffifdyn t BRef | riStrf OUgroup
are over?apped coils formthe second group fornmed by
it lsmwed onduet op sl . SBRMERtBESCRIMPHIGN sFCaME group, and

DRAW NGS, [ 0011]. FI.GURE i i c..0§ f. a s
WHRHRS G Fgﬁge"ﬁ%]%t l%é? hr%eeé‘g%i ?&%Sgg{ingcﬂ V\J?g(rﬁ)%g]dqﬁnn which
cdiv® COidm JEREPT ieRtA JEhds ehre pORI2hpbe@URIDZLd sfarm the

schematic diagramo f the coils showmn in Figure 1 with
sqaendreAW  FermRe dUnERen8aesi FORFAHAFAGS -col | apsed in

a single |layered web. [0013] FIGJURE 3 is a schematic

cross-sectional diagramof an end view of a web of

BRIGHH PEHFWPTHONX @r BHE BRAYAYEE in a single |ayered
cylindrical web.

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

groups on a mandrel.

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

windings collapsed in a single layered 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 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.



[0014] FIGURE 4 is a schematic diagramof an end view
of acylindrical web shown in Figure 2 nounted in a
wof doukfossisurn ring to forma stator.[0015] Fl Gy ®20/036312
schemati c diagram of an electrical three-phase coil
arrangement representing the first coil w nding
arrangenent shown in Figures 1 to 4 . [0016] FIGURE 6
[0®1§]§mlra6i cisli &gr aghembta csedbadramr m@emntebectrical

hyr%%aee coi | dW%JP in s each havi ng%%%%lﬁq le C%E%gﬁlsr& coil

Wlsﬁle@taﬁr&agﬁ@ﬁé}m ostﬁomelﬁepggdragr angemant o f coil
wi ndings with the mandrel renoved and the coils

coll apsed to a single |ayered web. [0018] FIGURE 8 is
o@o@;&%@ﬁc HCEEY S%Ct'soﬁgi‘éméjtf‘@ra@[‘lggfraﬁan Qm VéeWSQEond
b o

coll wndings fromFigure 7 and shaped
arnnergyeneat | aferthre@0199iFl GIREindss eackhbanting a single
cr.0oss-sectional dia Lam o f an end .vi Lew o f a
CAN [ HAIR AF JTT ARR a? ‘ﬁlau?emg A5GAted in a flux
return ring. [0020] FIGURE 10 is a schematic diagram
of an electrical three-phase coil _arran

OQHdFFeE@fﬁE ng’ t hieS se®ontRENELHF ndﬁih@gﬁ?‘gan@ mehpe, second
ndi CEE 45 ¢ &1ﬁdﬁﬁb@dvﬁ&ﬁﬁnﬂﬁﬂﬁﬂén&kéltPéﬁ@ved and

COI w ndi ngs wrapped in tw coil groups on a nandrel
the [@0ZY FIAREAR te a sthehetilaveiredr aete f the
third arrangement o f coil w ndings with the nmandrel
removed and the coils collapsed into a double |ayered
[00E8]. H X023 Bl GdREa 13 disema tsichearbse - sech’.oaec’Ltidn'x@ram of

diagramo f an end vi ew of web of co nsof
ark it eVisWaPtafg &l Ph a8t Ié’&np’&?&seog and

st ]lﬂglﬂ.:q;ﬁlﬁée@ schematic cross-secti onal

[ agram o

[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 coil arrangement representing the second coil

winding arrangement.

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

windings wrapped in two coil groups on a mandrel.

[0022] FIGURE 12 1is a schematic diagram of the third
arrangement of coil windings with the mandrel removed and

the coils collapsed into a double layered web.



an end view o f the double- l|ayered cylindrical coil

winding web o f Figure 13 nounted in a flux return
wOr2oosss469025] FI GURE 15 is a schematic di agr amca/fs2é07/026312

el ectrical three-phase coil arrangement representing

the third coil wi nding arrangenent . [0026] FI GURE 16

is a schematic cross-sectional diagramo f an end view
[0023] FIGWHE 018 dsi la wickeémgsio trBsgusectd cnalandgeagiam of

a single, layer_cylinder. [.0027]_ FI GURE 17 is :
argr §86- s¥LEWonAf d?aé‘?‘%‘n 8[ff %‘Pll%nd"’w P f ?ﬁeFlgure 12
arddi & | ayes edbeyl éadihgabegoi|1 vhading web o f Figure

16 nmounted in a flux return ring. [0028] FIGURE 18 is

a schematic diagramo f a fourth arrangenment o f three

1] o Rdi N apped.j coll, .ar ; ngs ek £
O e LG et P R et e SR b (fldasem o
arcoidrsd showawi noEi guhe 18loakilre-tleey eveetir etyt endvadaindcoil

the coil w ndings collapsed in.a.single |ayered web.
TSI, HARE D TESa SCREHRFFE LPoBefLN FOTAIR Fng.
diagramo f an end viewo f a web o f coils shown in

Flsciure 19 arranged in a flux return ring.[0031] lil GURE
[0025]i BIGURE hdRat 1T @i afFAR®Eian BRPTARWOSf 3P € ectrical

| ndr i cal | | N Ei iy LB A4 coil
t %%(%%%é?ncrglg%g%o %orm a %tg{g%?éé%ré_@rﬁi%;gﬁéj t d
wiDESCRY RAt Ehh @FmdhE. | LLUSTRATED EMBODI MENTS [ 0032]

FIGURE 1 is a schematic diagramof a first arrangenent

10 o f three coil windings (A, B, C) wapped in two

[06Z6]l FoEoRPS 142,is14a (Abhelbhtand cBlos sk dk ibnaB2daadred of
on a mandrel 16. Conductive insul ated wires_are

arg oiemed Hi6WndoE he miRR elOft oCPOL m YHRAYRSBpL bf Feiire 12
af?ﬁﬁged in a single layer cylinder.

[0027] FIGURE 17 1is 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 19 arranged

in a flux return ring.



wi nding. Strips of adhesive tape 18 are applied to
opposite sides o f the coil groups to tenporally hold

wd J06s/68ikdeS t 0oget her. The tape assists in mai NtpitAid807/026312
the di stances between the coils and coil groups after

the mandrel is renoved and as the arrangenent 10 is
collapsed into a web (see Fig. 2 ) . [0033] The
[ooRqetTaRE shappsl &r sehemattcodiagrane firendrend 16idasof a

eneral ly straight_ sided opposite wall sections 20 an
cyglrne'sd@cpqlopccah%: BEbt SR O 251 GuTRe 2nEiRdsed. in 4 Plux

ré{rﬂrﬁgﬁqg}/ f8se &rhexagele §F0ss-section, but may have

anot her pol ygon cross-section, or have two opposite
wal | sections 20 and a curved top and bottom si des 22.

D%’MD %’E‘sd’l@iﬁ%f@ﬁt bP n’§H%0:é BFUEE‘ﬁA@@ﬁd EfBObEMENTS

ave a common | ength and onger than the top and
bottom si des. The wall sections 20 are used to form
(003 micuEREht 1segnents 24chhatser FigagPajp offt heacoiffirst

2 AARETRE L ol Br O SPBt ool tnd it inde cl Pond oo hayzagped
i @hd sybst grblpkl M 2t hel sam®: aset hankengt,h fq the, B2 and

stator coil segnments to b e formed.[0035] The coil
CXlectdrons t mandried oA 6t-he Copglughd visot EBFdpdes 2yiges are

t ndrel .f e r ti.ons e i .
cdi Tl ee S Eh PATGF oL s B FE O Sy OB efh coil
wiheiwegn opgesiipe walfl sanetsone 20apdetd meares wpplied to

width of the end turn sections o f the coils 28. Thf h
ORRRE 1R nS1HESt Ohavdi® FRhbt HTSHPF| &iCerftSHRY tfald the

%Psb Jeem&pPnnepted €9hL 9588PStse. n. MahndBEnAng . th
c en ?%e coils are fl atfglgned into 2 welg. Accgrdi R In;’%I ©

disteamiels h betivedne rhedredibsistansk sofifi coeperso affr the
mégﬁ}gTdi§u£2%ogggeand as the arrangement 10 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 bottom
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.



their needed |l engths . [0036] Wen fornmed into a
stator, the coil segnents 24, 26 are arranged in a

wooybd/gkde of the stator. The coil segnents ar ecparsabd®hbesi2
and adj acent the rotor. The coil. segnents are arranged

on an inside cylindrical surface of the stator,
separated by an annular air gap fromthe rotor, and
[0035] em@ t 861l engidtidng hehaet okie Tha endet urop sendi dosttom
28 of the coils connect adjacent stéakght -coi |
n

sigegneéd Cathogmanggednd g FiecePInE 28 &% Yoitfed® ©F

ch QL PET WisRi¥JANgedet §ikRICOFPAGhe |MaRdt¥Pi cal. £0i | the
w ndi ng, the straight coil segnents 24, 26, and_end
ditstamcsecbeowseR8 opposiateerlile SECE 1O | Alousdetermines

condugti ve e havi ng _an insul ating.s t . The s dt h
ther W tréncﬂf% fi ?Q\élt itg‘lﬁ’gl, See.czt%&ﬁ%eggi tsgtﬁ%ngré) -Iite}’t \Aél/ege'n The
en@PPasiie Makk $eEid ans1afgths ssiffficient to alpasw tie gap

end turns to span the di stance between_the caonnect.ed

begwieleryraupReied FRELcOIOUPS f & dbd. $H0IPF Exonh WHFH the

coqrﬁuré}é@,fﬂa“t&én &' MReobY WeRdi RGJd1aMJI8S, | thé Fidbh of
spiral where each turn o f the wire is adjacent the

theextaridredaciusoi bewsndf ngielhesonddadt thre endrturpgnhave
of, each winding i,s indicated by SA, SB and SC

t%péﬁ?‘i%é?&e '&'%nds at the last turn of each
coilwinding is indicated by EA, EB and EC,

respectively. Automatic coil w ndjng nmechani sns, which
(06363 W kel AE Rl SartatREy: brROUSEA It Geoments 24, 26

ardit apaLieald Yi W nd the WJHS @rouphet hergepdrel ThEhecoil

wi res of "each winding are first wound in a first
sedjnreatts oarewipaiiaigl €l r eod oxd] deehtattd® byohpreowsihe ocoil
o LB A2 PR oA S acT IR (HASH 001 Bl or
the stator, separated by an annular air gap from the
rotor, and extend the length of 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 width 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] Each coil group 12, 14 1is 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



the wire, for exanple 25 to 250 turns. The wire turns
are typically tightly packed together in a
wosi00®0d3¥66Si de arrangenent agai nst the surface pfr/itd2607/026312
mandrel to forma single |layer of wound coils. [0038]
A separate wire is used to formeach coil winding. As
shown in figure 1, three insulated wires (AL B, C))
wiarcb'.nmuri@ aipdagatied nhrdrBh, . Bhe alidr eECar eTPRPEFEANVELY .

JOUAD SghAt 5 R LELT R bl YOI S

ird sle@aaatte syl bk edswd ecdeangomauhdadbguiwitrite the wires
mandrel . Each cqil group . has substantially .the sane

anishr EBE MERETR)s TR PHEES: IRE wPath oindddw coff first

W rgi"plﬁmg tﬂ%@”@?fe@tiohurQﬂrﬂd‘in%aﬁlc&él&ﬁé’u@nﬁicated
substantially the sane. 39] The separation between

byuhmmmwﬁ)cb@lfgrmupsilesg gnﬁupgkﬂ)qﬁaakﬁwmken ghe first
trallln edge of. coil _graou and eadi ng ge . of

ok 5P TR BIPHSED 8 ARG op ShPEh o Fufhs of

tk%gmlé fib segappakl 0ws t» B tﬁﬁg{mmfm@ Wieeseatred are

in the gap with no overlapping coils when the cqils
tyariecdllaf t ehbghERY o §a§kﬁ§Iqu%Rﬁh%%b3F5eé3F|§1d§TbY side

z[éoa%d%rséox‘hétg a&ﬁgtf' ﬁ'%t @fofothev"'n{%ﬁ’idlgagl (& form a

een woun ore the next group (A2,
siBdyle yyaf @ﬁlWOMﬂddCDgiSLS mound t he conducti ve
Wi res extending from each conpleted coil group 12 are
shifted axiallyalong the mandrel. The axial shift

[0038]e5 tbBBacQREUGHIrke VT @%efdomth@rmr aaaldmgc@ﬂgewanfdmg
a conpleted first coil group, e.g. to a |l eadin
Agpgyeown fin §égBRE doi Ithgjfr%pmséﬂ@tew“f%sb 2/ wBunf) are

i e A -
ini alt Bigwg dﬁmmdnmdnvwmdfogmsegaeﬁust group 12 of coils.
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
coil windings is wound, the conductive wires extending

from each completed coil group 12 are shifted axially
11



The axial shift will b e different for polyphase coil
wi ndi ngs havi ng other than three phases and different

wOondiaREfcOf coil groups. I n general, the axi alpcghishbo7/026312
froma conpleted coil group 12 to a new coil group 14
is twice the nunber of coil groups tinmes the nunber o
f coil w ndings, mnus one. This axial shift algorithm
alwind phevindedrelthethmndxéhlcailifti ndprgs tthe cemdbetive

folded intg.a single.layer. sheet. [0041].T : :
W EEREEPDe S o5 TbT LRRL A | SEAT Bl G SRy coil
gridust ngone givecid on, eeBding Oclyeseoft @ f eembad coil
first coil group (Al, Bl, and ) and then in another |
grepposi €eddi r dd.i oR® €. WorsEnt er FOockwitdd @G ol
.S€C coilg A2, . he ~wi_ndj djqr ' :
Wit b SOl BEBpb st SHEtdngtr es A a2 i
fic@ | (Py oupmesanciee woduked (by af eanabiivelwindingy ngeghent .
coils . in clockw se, and counter-clock w se directions

The oafdatheSHaAET eV LndPSi 1t HE S gr diFs BPLIBRAS S sCo1L
wiggfsl‘?fbt§dh%ih%ve{3§h€9 tgam NP digtREdPN sl | BiEherent

I red nunber of groups of coils_has been forned,
nyn0etz] dThecaihhdogioups .r eipveenerah t fhewsurd lcoshsft from

after. the.windjng is_c | et ed. e 1 )S: :
e h(éo%\%lhgg?\ll ?ggg%lg rne@gi%%]th D si%lllohsot ree
tﬂéwgrﬁmb'ﬂexgg@iﬂos cauah ghatupishe tWimess téwrni number of coil .

side-by-side in their respective coil group.and.the .
wigeHNgonalHEt wesf - t he TEGS a%ais.s %fét ad’ijr_@ﬁr\}é*’l“hp@lll
pidyIddl 67 Iohel R L DS BEH ARG AN ARPOBLLE HliPHd Eolded

each of the coil segnents 24, 26. first strip of
iradhesisviendbpelagesesheed. t o the surface of the nmandrel

wi th the adhesive surface facing outward to receive

the wound coil. The second strip of

[0041] The conductive wires for each coil (A, B, C) are
wound first in one direction, e.g., clockwise, to form a
first coil group (Al, Bl, and Cl) and then in another
opposite direction, e.g., counter-clockwise, to form a
second coil group (A2, B2, Cl). The winding direction is
indicated by arrows in the figures. Additional coil
groups can be formed by alternatively winding the coils
in clockwise and counter-clock wise directions around the
mandrel. The winding of groups of coils 1is repeated by
reversing the winding direction until the desired number

of groups of coils has been formed.

[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



tape is applied to the coil segnent after the w nding
process is conpleted and is typically applied to

woee/dssfset he first tape strip. [0043] FI GURE can@ins07/026312
the coil winding after renoval of the mandrel. The

coils are flattened into a single |ayered web 30. To
ensure proper overlapping o f coil segnents, a
tagRgnent pppogiteAlsidem affieesh sifletbef adid ceegmests 24,

24 DoAY L0 R0 LI SIRELEEN, ene

sﬂfﬂaec& bet hacCohhSardne 3ol SRITBAKSsANE AUARgES facing
he web such that the segnents (e.g., A, B, d, A"’

ouc\:v@azzd Bto, rezeige  ti, w:qugd' coBd . aRHecseqong estrip of

araIIeI ri T S t 4

o e o3P, 0L, BT AR TUESROL SEOPREL 1, Efging
pﬂMﬂb§§aistbhpﬂ@mmdi&h@tﬁéoty§ECbﬂstaybku&ﬂntbheverlie

rotor. The coil segnments 24, 26 will b e arranged in
thenef e dFoRYCHEFHRt they are parallel to the

rotational axis of the rotor. [0044] The coils

segnents 24, 26 are arranged such that the w ndin
[00H Y] RIGURE ( 2 eshawpolibeoroddgramding a ger Ilelaﬁaag pt the

GRG0 885 AERERGRe AN U1 SRV, 00hl erea

we¥ ' 3@ndTA2 drizair avasop@tindvenl appingne fM cmhhgsegments, a
direction on the qandrel. Simlarly, ach Palr of 1
sejeittent Séfment’s ‘Bl ' OTB2a CFLISED & si of ptheggoil is

Iﬁh reddd i, daverdde asa%é’ﬂﬂ%rpg 1@1 r eCt i Petween

e coil Is flattened into the web, the coil segnents
sémcnmﬁ oaegmen$sde @fg t heClramaide| A2 e gn atrheorglé@ﬁéﬁﬁs side

b B St Vi BOLTP egndiah Uhce SLLEGS THIDERS e
s&&gﬁ%h&, thed. segméﬂﬂ@yt (@.@ri,mal, B1, c1 al’, A2, Bl',
B2, Cl’', C2, A2’', B2’ and C2') are in parallel and do not
overlap. The coil segments 24, 26 (Al, Bl, Cl, Al’, Bl'
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 for adjacent segments from the same coil
winding. For example, the web has adjacent segments Al’
and A2 that were wound in the same winding direction on
the mandrel. Similarly, each pair of adjacent segments
B1l’, B2; Cl’, C2; a2, Al'; 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



ref erence nunber, fornmed on the opposite side o f the
mandrel . The interleaving of coil segnents positions

wosRM®Rk@ fromone coil group between coil se@@anis007/026312
from anot her coil group. The coil groups are wound in

opposite directions so that when the coil segnents are
interl eaved the winding directions are the sane for
inad] bleent refelresegnemenbens t isdosane oi | Fighee45]2 Theare
. direction of, electric current through a coil .,segnent .
kSRR B U o P FGL A PRETTOBNSof S5 S QUERL & prime
refesidricani pgmeRid, segrpeas bhonthée Eats e | s dfat the
dj acent segnments have the sane winding direction |
maéﬁ%ﬁﬁles t hBRet e eayiner «2f | 6°lils FREMERLS tRPELGACORS

| ARENT £ SEAMRALS 0 he,&Qlders €EBERM! 265 de
ot overfap v\rTA‘c:)([ielltﬁa co %gpég%ulgn%égk%/\eeb. gﬁe an%ﬁ?eurn ron
amortteémnoidf ¢gheupoi Theocpifthgrsegwe e (Whund ' ppBbsite
to Bl!, and d_to ‘). . JThe end turn sections w ||
AN R erhap R ChE W SIBIG Fhe thterleaved
Vel ABRhBY ASréheignst alrd O thike &habl efbNg a@IiRRRER coil
and does not constitute overlapping of the coil
s egmaprer Lrqrood s@ree cepilsegments (A, B 1 and B2 !
and C2 ') nearest the ends of the web are separated
fromeach other by a gap (G . These gaps will receive
(00474 Troe | ddegaaritsy f odm eéhecbpposi tereent ofthitmugleb.a | goil

articul ar egnent Al will fit..in the gap between
s i adhend IR s Wit ok, bipBet iBnd Mt PERLE B ament .
SRS e coeqnend YEeFrepgnents f3ke a8d1Chuch that
when the web is rolled into a cylinder.[0048] FIGURE 3

adipeeny oieIBeRES oRaVevitER FaM] HELWENS cHERES1OR PREUTSS
tﬂg? éﬂef%$§?%ﬂgugi§eéE§BHrfge%ﬁkm%gﬁanhrough adjacent

segments.

[0046] The coil segments 24, 26 do not overlap when
collapsed into a web. Thevend turn portions of the coil
join the segments (Al to Al’, Bl to Bl’, and Cl to Cl').
The end turn sections will partially overlap when the web
is formed. The overlapping is incidental to the
flattening process and does not constitute overlapping of

the coil segments.

[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 between the segment between segments

B2’ and C2’' when the web is rolled into a cylinder.

14



31. The web is rolled into a cylindrical shape w thout
over | apping coil segnents. The coil segnents (A, d")
wodod/dsesgnds of the web interleave with other peqits2007/026312
segnents arid do not overlap these other segnents. The
segnents are arranged in the cylindrical stator field

w nding 31, such that a coil segnent froma first

[ommurdle B, id) ds c&t?bmécﬁlml sefewntof r onheéheweb
second group (A2, B2 o.f the sane coi

seiomeRtsdiofieths e %Hefewﬁﬁdrm&éa et 4T tield%winding
1Su antjy I:YS @19 £F 0 Ofy tHe1 { AELLEST @RI ewifhout

e stator. The stator segment’s are parallel to the
ov@nlamﬁﬁgheccyll segmerifise r ofbe (cwiel r seomenspr eent edl ')

he Nor ut h i.n F S
atco &l Ieyp tqqtg %3}% nd’%rq%al réti%ﬁjo%\fl elvéi%wﬁnd?ggejél coil
sd@femd byrniiheovelo 80.0vc3a49] Eh@séondtlﬁagrrsegmeﬁcsm The
each of the coil w ndings (A B are arranged i

S ecmENiTt O o5 LR FTBRAZEC UTR erithq | %erdﬁ-‘é]d. setcan dheld
de, of ﬁ??& r,a |n@%§ﬁ%g)s digr eef# p

Wlt%r?iglnfr&t hg% S|£1‘ tﬁe stggtor e di rggtgrlnor?L in V\%]c% oup

(aihe BDj | CdegnentadPedcert @Fiapill $egmenmlfrr@nbnth¢lesecond

S bt 5 Ce SR RRE arty GOLECLHRL b &P Hifnerer

ofdi £REt 'c?frllﬁ'ﬁi‘ic%lg weéb) ign Sam Sa Ay ahe Ad:?ametOéh: of
the opposite _side of the stator have an opposite

the nidi ey tH¥ e@tmteﬂcéér ahgglsfatcke cufhenttrpecEPgRents
afgwééﬁghfgﬂnggt fygjékzthé E% %@?‘an <9p98§b£e (see

e curren |rec Ion I n segrre
rolid | s yes éieed Uby enhediNoechi amd cﬂo@gmﬁsscﬁn Fagd 4)

fé%ﬁlééééggigge angaoppgiln%r&%aﬁh%é%ggfnélgiéeggh ing 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 A, 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 1is the same and opposite to the
current direction in segments Al and A2’. Similarly, the
current direction for segments C2’' and Cl is the same and
opposite to the current direction for segments C2 and C1'

on the other side of the stator. Further, the current
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on the other side o f the stator. Further, the
currentdirection for segnents Bl and B2 ' is the sane
wook/aseesite to that for segnents Bl' and B2 pcT/us2007/026312
Accordingly, current flows in one direction on one
side o f the stator cylinder and in an opposition
direction on the opposite side o f the cylinder.
di[re@30]orFl GURE 4edreswts heBLylamdr iBal | yishapke seahgr and
field w ndi 1 inserted into a.fery et Lng.
ORRCAt Y5t ogfjdeq%‘agt méighet T IPERSS r g ur na%gltal%& 'Anﬁgzréggrglﬁaly’
cumerdie FNsest e oo dieeduingt ®erbpbesyidef dihethe stator
cylinder forned by the coil web to establish the ,
cyiligidry andnéfieral | PPPEE RS tFHTRCEFRR t RBr  EReCBRESItE
iU Nse %@fcd%f%?&@f! wi ndi ngs are arranged tightly on

opposite en each segnent (at opposite ends o f
the stator) to mnimze the overall stator height. The

oG e B SR A bRy oo

willii@lg P8ii phes¥roell thersi By ferpohdgngtibe cony t3® that
the ring. The web and_return path forma slotless
PLEOVEHIARS Fh@AGAG T | EAPXSERDIT | BRED W ndMhg 2¥PYRympy be
i rfsd degde bn (e XM pGENSHELYPT AW &1 Ph@bkNgormed
msso %E?é#egggéeﬁ?eegqby er ot%? g%llﬁespl\lgrt h (I\I)é%nd Sout hOrme
by Yhe ¢OOb1Vebl COREsEakd imh dlhectimciadescheamerer (ID) of
di agram show ng t.he conductive_paths_of Ege stat ghe coil

the elSFRFHdi nd BA-BFT Fi gbPE 4 EatWREi 1 2§r 00p,

witlaings I GReeSentagas & ilRilSt Obn34ppddiafd eehdsheof each
slight resistance of each winding in each conductive
segientyr 6ap. oPResdsia epdupef (phe Afarozie tdnREREBHZEN the
ser [ I r ctiv i . i ndi T, e
ovenalT, E§F§g§1(2%§§82°2 ;%E%Qdegl%ndQQe HELPEEC to the
return path ring 32

using various means including
varnishing the coils to the inner periphery of the ring
or molding the coil to the ring. The web and return path
form a slotless stator. The cylindrical stator field
winding 31 may be included in a motor or generator having
a rotating rotor represented by rotor poles North (N) and

South (S).

[0051] FIGURE 5 is an electrical schematic diagram showing
the conductive paths of the stator field winding 31 of
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
(A1, A2) are connected 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



G & C2) are connected to a common termnal 36, e.g.,
a center tap. The opposite ends of each w nding have a

wolBbglisifls 38 connected to a phase term nal of pchfys2007/026312
power source for the notor. The ends of each winding is

corresponding to the first winding turn are | abel ed
SA, SB and SC on Figure 5 (see also Fig. 1) to
sdurdiecatfort heHeocatdtmor of The sémds offt heachi Iwindihg is

hemat i ¢ di The. |
ARG 05 ook BTG IE%al S5 nif GarliPTIES SP

SBE'M9§C5oﬁn@“ﬂgure{ 0952k bl @i 6ri§. SChEmR | indli @gtanthe
showi ng a second coil w nding arrangenent 40 on a
loneidrasl T8 The t bteatcoof withei n§91LA 1B aklieC §chax9@tlc
single [ I n Si n
dig S ng rgfvi\g) oungu?ﬁeaéréan\é\ggl rfﬁ‘%s g@fs%eg.{wels%/ley
edd@pevikiliany oppaeside SmdfeaEQdointheguaadr 8l asdcdr.e t he
coil segnments 24, 26 (Fig. 7 ) . The gap (G between
adj acent coils is substantially equal to the width (W

[0082)%F GRIRE S€INBNscHMR3]c FiAFar showsnyhe coedond coil
wi ndi ngs 40 after the mandrel is renoved and after the .
wigglinhasrbeagenpatt éfedopntd Bapdbedq 16 ThEhpenithege coil

ur.ns. of eac [ a ahel nd
m{ ne%%) S Th%ggt@ Igalglylet %nggng ea?ﬁ)%’ ?%glparélez all
de&hiEI éch EA, EBnafieé EGireespecti Velep. dhmeomdheshveundpethe
not be _renmpved when the coil is flattene

V6 b, S SOF hRECBAREPL VAl 4CREH %rheow?lg%gﬁéﬂ% 20
o@ﬂtlﬁ@l manBte12B8ecdred dHOMONE §b§ﬁeﬁftst e mepgir eFigre7)

fted axially to interleave in the gaps (G) bet ween
Thehegawi (G ebabnesn2edjAcend| cmid <CO)s f30hs taet bppbyi cagual

tose%}% Jsér;h (@Gdrgl {:89J5.4Leaﬂ8n5;m erl eaving coi l

do no

[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 1labeled 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
mandrel 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



overl|l ap. The segnents 24 from one side of the mandre
are seated in the gaps (G between the segnents from

wo dies/esli@r side of the mandrel. The flatten se@faN2607/026312
forma single |layered web 44. The end turn sections
28connecting the coil segnent in series in each coi
wi nding nmay overlap as they are folded into the web.
cobheeanichd urtrtse nego bl e segeened 'smlcrsehfaest h’ely deagbt coil

cessively |nc ease t engt h _or.
Hﬂ?&ﬁ‘ Y‘ﬁ]é A e3°n E§8 a?g ffé)rlﬁ%aetdﬁ ato b‘F
ersE 9Bt Ss 24ma§6- b0 rakte & 0i §8ch A, tBa&nd t@léy eagd not
forman electrical path having a common term nal 46 at

exsssdiitelof tacheaskl thiendiergBEAdoE FERE aPE t&eniwelp much
belford ref8s r6Ql InedledNN 8P S800sRak NS0 | segments

€ Separate term nal I's couple
24.espective phase of a power source for the notor. The
common termnal 46 may b e connected to ground .
[0056] FIGURE 8 is a schematic cross-sectional view o

[0(55521J ebo s f oaMed igHd @ cyhtRdebriorard sl@¢Orical path
RE 9 is an schenatic cross-sectional ViGMIO f the
haydingl4 asheammapunt@enbpat het§ ndér Suef agedo 3t aeacik coil

I et. ' 32, . d Lk ggnt It
“”fﬁ%gggpéﬁ§ %§¥%£§% nggﬁgnéﬁ d§%e¢%ggﬁlﬁ%)1an b€ an
oﬁﬁqsf&éﬁﬁﬁdlwélwhéTmminmtndingegnﬁﬂMS éepaeate term1na1

ndi ng on opposite si.des t he c | i nder.

a8l s GUE LEA e BACESPECE YN B essoeh & Sy RSh; SPgee for

tHY| hBdek .f ofhse@@miorA terfﬁﬂﬁaw g8 nﬁag'l rest ichdedt to
| is opposite to that for Al' (see winding arrows in

gmi@iupnd.7 ) . In each coil, current flows in one
direction on one side of the cylinder, e.g.,

[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 view of the web 44 shown
mounted on the inner 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 and 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 «cylinder, e.g., through
segment Al‘’. Accordingly, 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.
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t hrough segnment Al, and in an opposite direction on
the opposite side of the stator cylinder, e.g.,

wolhogsssisesegment Al . Accordingly, current fl @eid2007/026312
each coil in one direction on one side of the stator
cylinder and in an opposition direction on the
opposite side of the cylinder.[0057] FIGURE 10 is an
[0esActTdurE SOhesmtdrc dlagtaicelf sthembhiee-dikagem of the

stator. wi nding shown in Figure 9 .. The coil w ndipgs .
Che BRAPPASECAF o HHLIRG AROWE i T SUFRs fect | Vary SOiL

w%mt@l reber medahs 4hdseh SBeandabbl ebor gachs and c,

nding are connectable to a respective phase of a
redpect pheke. pofke popplry teTrd nedmohd t 654 naB asdj §C) for

| table to th | : i
e b Re o SHRECFEBLE' (R YpsBlER108 il of a
Pkl ith SA, pSBeanduppl yr.esmens i uinon TherhmBsalt 46nief also

each wi ndi ng connected together and are | abel ed EA, EB
CPE@PI®058] FREURIOWAT | §URPddhen®¥tR @SagVam ¢ ground

cd i Lel .60 'I‘hg' njfjl'dpégt ag(,apgent chai 0a Jee £PL! 1abeled
Wi ndi ngS (A B and C ) each arranged in a fifst coil
sxyyr oyB Sarenhd ST ,secwsbadiiveinoup B Testcoitumgy owds each

R oA B TR LS L T, 5 o

formed by winding an insulated wire around the mandrel
16. The start of each wire is indicated by SA, SB and .
[08%8] FEGYREL Ldeldf FhEDEMATIA FIROTATM eQEh dni Farfaer coil

| 4l St Br%ﬁﬂj , thes@eebh Yehndiftfyd N(&E B and

W%/\I/?(?ierg&t ﬁg%ﬁg*grgrﬁe{lﬁe t rerg&coil wi ndi ngs glfngg ( an

CYt heeehphasmrfged dini redi Hgrat e chiidstgwmumdSRogatched second
ta.each formthe first coi

dth | [ .
G SRR ot BPBUS T S PHY yhpCRe AntoRngnify e same

winding direction, e.g., clockwise (see arrows on coils).

[0059] Each coil is formed by winding an insulated wire
around the mandrel 16. The start of each wire 1is
indicated by SaA, SB and SC, respectively. The terminal
end of each wire is‘ indicated by EA, EB and EC,
respectively. The three wires that form the three coil
windings of a three-phase field winding are first wound
together around the mandrel to each form the first coil
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 Cl is a distance W and 2 X W,

respectively, from the start of winding coil winding Al,
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packed such that each turn of a wire is positioned
adj acent the preceding turn of the wire on the

womeisliseles Further, the conpleted coil w ndi ngectAls2oB/0be312
and ) in the first group are adjacent each other
such that there is no gap between the coil w ndings A
| and BI, and between Bl and O . The starting position
whefret e tAndited Wwodtloiodf va ndomgdeBedamebid wsnding.  The

di.stance Wand 2 X W, respecti.vel from.the start
OGS Wt A SFORRGPESRFFEL He SRR Riafe & cShmon
witefplghed coil w nding. The coil w ndings in each

group preferably each have a common width (W . [0060]

Af_tler conpletion o f the wi nding process of the first

e £Ol L LeS hifted t i

m@lﬁ%&“%&g@lﬁa&%h&% \r%daléngliﬂﬁgtn%elﬂ;i rstgsgrgsi(;ﬁupaee Farst
codXi alirpual 06§ ,t heheandpéll twiseartarge Fhadrag efigemof the

h coil_of t d cpil 54...Th - -
rpd T gash, S pReGent iy Pl E ol Bk by
alWrdt heid hdeaeei! soi &rard otpe M 8ygihhe edigdt o Waehfcoil

one coil winding (w) in a a;oup. After the axial,
ofsHilfe , seaendorcP i 1B eShoundhar cifcRt helihhdiel 3 £ W

or HJPd NESECOAN £01 L, IEQURRSLonHIBal R dbf €Ché 0801 1s
is1nthé sSane ditection as used to wnd the first
in;:@i |%@Lq:uhpsirﬁi’s f066@] AEhGURE bE icsren srhlermatn@ing efwd in
a further winding arran nt after. the mandr el
@ SRS | Mo BORSPOSRTARL Sy IR T rUVR (7 b ound
arld L Aile SRS 24, £86m The GRidord Wdidi ngso@se 54. The
coll apsed into a single |ayered web 56. The coil

wigetjment difActionl 'iandnd the2panonfiKectiios: i |used to
.qr are inte Vv he coil segnents (A, Bl,
W%é)gcﬁqoe &elzrs"\} &%ﬁ%ﬁéé)é %Ef romthe first and

[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, B1l, Cl1 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 of
coil groups, e.g., Al, Bl and Cl 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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second coil groups 27, 29. The coil segnents in the
web 56 are side-by-side along the length of the web

wohos/0f3gseW Ndi ng directions (see arrows) of adicaa@ibor/026312
three sets o f coil groups, e.g., Al, Bl and C 1| wvs.

Al', Bl'" and d', are reversed. The w nding direction
reverses four tinmes along the length of the web 56.
cdiQ062rddgdRE 13rhes mm:trenss kager onmhcbndevi erodl t broups
web 56 wr apped._int ubl e ered st at.or I|nd
sesgentie Pdyer $lof [Q'He 2 Ilﬂa‘:éra%aﬁﬁw |nc(?]u]degtvvo set%s7 and
scfmdidies tRieecql: 05Q4P%:1 ‘Ther okher davendi aelindesreap! 29.
groups segments A, Bl, CI| of the first coil group 27
Thﬂ@lsegned@yem 1n@ﬂudgﬁdcgrlcﬁrQ¢ESsé@6W§QE§IAbrou81
29. The inner Yehgl lu gr,oup qggﬁn $ 1
ClBI of Gt fg]f:%]il g?gu%gld g%}“% é:esgnepglt ssB B gndé%: ol
grQ)pr covl, gronp ierlepmiver| applngapidntsegments,, Al and

e.g., Al and A2, have the sane w ndj di r ect se
AT gﬂa\aq)t%% SABE VRBILHS Qﬁtreaatrl@&.{ﬁ?g‘? s1%e igﬂeg Enat
Uﬁ§rQHQQeﬂ%erh@E@bEgo§ﬁgﬂ§nt§heF@%&Qﬁrthkgﬁg%plbverlapplng

segnents, e.qg. , having an opposite
semmtng dlmzcthen anhef p@mlt Ise ot Scoi ¢ - v ndbhg, agdgA2’,
re_on the o 03|t .Side. o f cy. d
haA’c“&b‘% dF‘HgRPp%%’r‘?% SR %lre%%ﬁtﬂg& |Aﬂ‘{] %RS‘ i Hhgngame
cdlir egtih@Ang) o#ey Si eLe ofréherstaher opyldsides atdei mANthe
opp05|t|on di rection on the opposite side of the

Cyindrie f. [@yyﬂréumihﬁ 1,9 Rt JdOWect i dRal &  coil
m\g{ur AP (#h%rfée QS il dier, P8 RUNIEON tfheth'és' deator

rronagnetlc qux return ring 60
cydyirideter anmdy ibe gh uegpbs itthernr | digr 66t aod  ©Ome ¢m©goap@s1te

cylinder ma g coated with seal ants and ot her
S%ﬁ%ﬂ? gﬁ?%wﬁ%fi%%ﬁfin t he

[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 cylinder may be
glued 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 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 24, 26 that are parallel to the
axis of the ring 60 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 C1l)

and a second coil group 29 (A2, B2 and C2). The start
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art for formng a stator. Further, the end turns 28 of
the coil winding that forns the stator cylinder are

wodoegess al ong an i nside surface of the web tErT/US2007/026312
m nimze the depth of the ring and avoid el ectri cal
interference with the stator segments 24, 26 that are
parallel to the axis of the ring 60 and an axis o f

oft héheot birsnserimding ttherra:yIMSndéabe[Led(s@AFl GREarwl SC,

|saschmat| d|a o_f e co
‘f‘éﬁf %Oﬁaw Wth?%e&co‘?' nélrﬁ%l nqgjﬂgle%Alaﬁt ngipding
tdrreaﬁa adHE0ed iEA,a EBr Hnd@oEl, grespedt {#elyBl fand each
C;I];l and a second coi | group 29 (A2 B2 and C2) . The
casitlarfigid¥nMe- first winding turn is |abeled SA SB and
respectively, for each coil wnding. The |ast
: VVI nd| ng turn is | abeled EA, EB and EC, respectively,
[00@] REEIRE 016 Wendi ngrOSE@f)f’é@}tF@@IREellé vgey of a’ single

Cross:sectio nd. view qQf a erad web
layened ?"’ﬁﬁoo Qg %ar%eer % or rxgjllﬁqéefﬁg 63 W ndlgﬁrsm the
fforg awshatags Ther wab §t2att<$rfornﬂdeof~eb0|6$ qA, Ba:ameld of
C.{ each arranged in tw or nore coill groups, such as .
cils akd AR anth&leoi PECH ATFAPRY dR FHRINGFeIMHRY COTL

g oé‘/ggd L0cA Wb AD thg s magpercdiad h§ed%&€ap§&iﬂ on a

in connection with Figures 11 and 12 .
ma&eigm&ht andf fidresdi in ar ewélb atinerde t samer matrmamvebhexz is.

h, .t t th d rl 006
TSR A SSATERL R0 0L US4 OOOF] ELSURS . one

s&othdrider o84 dringgdian dihe EMétd@nédf ftaszefﬁfma the web 62
ferromagnetic flux return ring 66. The cylinder may b

sucly| thak tohe heegnagtsafe PRE PVRGLaRd cylinder may b e
coated with sealants and other coatings well know in
t he

[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 cylinder.

[0067] The web 60 is arranged such that coils segments
formed on the same side of 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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art for formng a stator. Further, the end turns of
the coil winding that forns the stator cylinder are

woigesed al ong an i nside surface of the web tp@T/US2007/026312
m nimze the depth of the ring and avoid el ectri cal
interference with the stator segnents that are
parallel to the axis of the ring 66 and an axis of the
Simdtlar liynsethed opposhieecyd egoents | O@G@] ,Theel webn@0 A%’ , of
arranged su h that coils ments forned on Hﬁg sane.
the R FRE ik FETFRARRE tgrRRBAC BT s e oY FLnder
64€- ébpaﬁﬂe@% P@ de8tBedr FaBECERPRRIH {8 d® EBCHhe coils
othér in the cylinder 64. The current direction is the
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opp03| segnents e.
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i nder 64 ted by 9 f t h,
2 Ao CBhPs SR FRERRETE |0 BnioRb Seamerbs it Dulihder 64
ist 1%@'5ﬁftaombtﬁega the PR e ST by t%e four

I's opposite to the current direction
potllasoug\vsmsw)e skgwentis Ailgumel ¥2. . The acdargdvermf op four

nment.s_ i i nder, .6 u e f
péi ﬁﬁ%ﬁ?r(ﬁ eﬁ?%g%ﬂf%%4%¢§%ﬁeé¢§g% po égngSﬁgfh of
tkfé&fé’wbdlréé:lgélrgeﬂaraﬁh@ pol a0 degrdes. f amm cpohErastor the
i s North-Sout h- North-South, where each of hese po

Sqast@epé‘rﬁtléai%‘ils QCﬁWee%n I gheFast: tHe %"f‘gtofL
o?’% (? %%?e r' twd BEES $otod aﬂgvlﬂgarf %Q'?fdlgé”ﬁgrth

I a two-po otor having a single North Pol e "and
PalienglamdSouat h spalgd.e vvlsem;hbopblpol evhere sbpghat 9@1I@§3 are

180 degre se oIe rot.ors are ted b
SRSk oo ed0d aedBrRS1s | [t i B o Iy abqare
r s SUE asy ed ﬁ@,FI@uﬁég by 9 and 14

[0068] The single layered web, such as web 62, formed Dby
the coil wrapping 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 equal one half
of the number of poles. For example, 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 Figures

18and 19.
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the coil wapping and flattening patterns shown in
Figures 11 and 12 can b e used to create field

woMosldgdgs for stators to operate with rotors hpawiuk2007/026312
nore than four magnetic poles. For rotors having nore
than four poles, the nunber of groups in each coi
shoul d equal one half of the nunber of poles. For
[0GO9AMMIGIRE hi e icoi & grahupmt(ixtic@iagrah, o 2aarfbur)h coil

should b e wound on mapdrel if the correspondi
winghiglo nakr angepsres.’ 6bTo oFAF§Eatc* o‘f”r%g ﬁgg eQUse%I )

wr‘@ptp{]éd qtrpféw@aé’bm gebapkhan fqur Al es1 thea wendi agaoaz,
stator coils on a nandrel and t'he flattening of

B2 handou) conl s2i meadradeblfmy uShet Heoware miaddedyiading
descri be above.in npec th Fi gur :
IR AR BT s o8 SO PEE (i GUaTg shown in

iagramo
FifRitrd 1 CO'blxcwblﬁditrrgatar thagerenhd/ @il t greapcoia2, B2 and
vvlndlngs (A, B, C) wapped in tw coil groups 12,

c2(m ispwourd G &he Asazme BAraticr) 8 at%nofﬂeqstlecoﬂ
Toyt thoéxdeth' Ng AIJRARISBNL {ife SLLELRE Eeﬂ.h%roup

ee coil ing shown in Figure 1 , except that t
(psaaccmz:l aond| CgnowsE (HAe BﬁrandCGZ)l sl ngoiurgl anralh@e@arr@ 10

di recti.on, as the first _coi A_, B2 and
G oNPREGL i1 nEnoCRBRAS T SR TR TRy B ATy v ling
dlfﬂéciél&m bf Wehdi NG ¥ tf apgelreir ol i @ wound lalihdarCl) The
opposite direction to the coil wnding direction of

fquretrfw@xl coindgpeuprAnIentants CPyL1LalbRe ffqn thse as a
atqf({ gmﬂ&ldg.'?xg;enfgf 'S t%ﬂxt +fef otIE dphéreas the
S at or I W n

d or a four e rotor, 'whereas
fitdeer ftosl Gﬂtnldl\mmdangazagemegtenast dwsi sablabferf orsaisas a

as a stator fjeld winding for a two le rotor. [0070
S ERe oﬁﬂr?llffic‘@rrlldwl%dgﬂﬁ gr F‘dﬁg@ﬁ\iﬁt rggancl udes Evvo !

[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
coil being spaced by gap (G) approximately equal to the
width (W) of each coil. Adhesive tape 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 to be used with a four pole rotor. For
rotors having more than four poles, the number of coil
groups should be set to be equal 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 around 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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groups of three coils (A, Bl and C| - Goup 72, and
A2 , B2 and C2 - Goup 74) wound on a mandrel 16 with

woeRnssisl being spaced by gap (G approxi nat oy igde)026312
to the wwidth (W of each coil. Adhesive tape 18 is
pl aced on each side o f coils to hold them together.
Coils Al-A2, B1-B2, and Cl-C2 forma three phase field
adNaulng tinet nbet drstesach toil evirskichgu t Bhe femdls pot ethe

rotor. For rotors havi nore than fo les, t
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rédfedtalfeBf. t hernuimbansofa Pok@eCoUnés. thiin eyamash acoil

stator for a six pole rotor should have _a stator field
wimididiang ifsor ipdiehterr ebycofd, grifupand | ERpunBcapsghyvely -

t.he ndrel ., n _t.he,. i Lon.  [Q0.7 h i
R o T S g
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next in each coil  w nding. The ends %t% the start tur

arspunghc @i HEPRG Sils i TR cHLEEShP Is/CaeR Higdaay are first

ect i velps. t NG &bt Bged €Ak d
W vhﬁﬁi(;i %té :As ﬁ?iﬁ(i@éi%%ﬂ@%t}:/%ﬁ hg%bgﬁgllgtEgl réfs%ect i vel 3 care

byAonews & toi fomnndi figrsecisasivems,2 Wi oh @@kl wel The first

known in the art,. may b e used to a maf. i i N
e WEFBP aFBURA-ENS rndrarecc ettt f e uithy Y "urns,
e.ng.n,di g ares fizse, wosd thea kifst drhectwbhpe(wendisg are

Irections indicated by arrows) to forma first group )
tyziep¥ly ceightive Pfi%ﬁdcoiqogg?r%{?ﬁf cotfpri desSyde-by-side

1 N er f g 25 4 0,+0of
R e N e i i i
sirgket heayen af svoendycesiidle.arrangenent agai nst the

surface of the mandrel to forma 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 around 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
c2), and (if the rotor has more than four poles)
subsequent coil groups (An, Bn and Cn - not shown). Each
coil A, B, C corresponds 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 groups 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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[0072] A separate wire is used to form each coil
winding. As shown in figure 1, three insulated wres
wo(2008/85466C ) are wound around the mandrel . TheTwd2687/026312
are wound in the same winding direction to formthe
first coil group (Al, Bl and d) 72 of coils, the
second coil group (A2 B2 and C2), and (if the rotor
a hlﬂﬁadﬁﬁ{gs é¢ddaa b6uropdl @&)oxmjkisleqmm/ bei Ith@' ovipdc i Afy) of

Bn and - not shaqwn) Eac 1
a c%PFésp%ﬁﬁH%el?tb aTg’éﬁargf"E ‘?‘@Lﬁ‘ﬁ et? w P be| g HLnde Pe
%%q the pROdrpl, Raeh CAbl cgsfé?xullapﬁn@g, AilBl warg the
as substantially the same nunber of w ndi ngs such

caiixt &he vﬁ]onmteme@amt@o.a grigigl andayRE nteBer(Sge Fig.

19turns in each coil group is substantially the sane.
§|mlarly the width and nunber of turns for each coil
in one coil group is preferably the same for all coil

s in the o|I wi ndi n 0073 The ra n
OB B a i aseELrEs SRS Soh, ViReiiey (gt B, cD)
nRetNEsn Rotihdl bhad I%Eﬁ:@ftwlhegtog&oﬁpl ama Bzadcny of

edge o f coil group Bl, %bethe width (w o f a .
cadidi | wiagines. T#i grogmsi,w FBRs GORGIFELEFNERT & BXESnding
seated | h 0 a Oichs pmhep
fro(51|1I ?ag:he %?a %g% %]l ag% ng IgaFa;r/%{egrr&vvestl;l%'( See %ggally
allﬂig th@OYn%]nd‘ke‘JI erThheafxmaSt s 0fip mofvesmtthavl ndndgstlve
(A, d ). has been wou (?R#emd before t Xt grou :1
wimes égom c;tz‘l% BrRildng \FIRE ngs i3 ®OURG: Ly Peot

LAQuctd e wi hes exgendi ngf3ieny e@@l@ecoﬂm &f ee¥rdd coil
group 72 are shifted axially along the mandrel. The
grxiral shof.t Md¥es tichebeomduerd ve idesaf rgegmphase coil

trailing edge o f a c e t Goi r
wigh { ° cPégdugEé’ué’c?g Ot@‘lf’ ‘t%fgte‘f":‘%ﬁg ok |éheg 2kPal Pshlife is
five (5) 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 layer

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 coil segments. During the flattening
process, a segment, e.g., Al’, on a first side of the

coil 1is shifted axially towards a position 1in a gap

between selected segments, e.g., Cl and A2, on an
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group, e.g., A2, to b e wound. For a three-phase
coil with two coil groups, the distance o f the axial

woshd/ssies five (5) tinmes the width (W o f a eeus2007026312
wi ndi ng segnment. [0075] The axial shift will b e
different for polyphase coil w ndings having other
than three phases and different nunbers o f coil
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2zl B OHP /2. 8B BELORLL OTOUP Tl i P8 SN a1, 1,

coil "groups tines
cIwi rwfln,gsAzm B1S orw Th[Ls ax12al zsm'l fteal gahldthmw l&re in
prow de wi ndi ngs that can b e fol ded |nto a sin

parRldielneBng fdeoof | OyBH¥8P - FI'RRECPS Ls HouE™EH co%‘% 26
(A ngl?fg cghowy i n Bhourg,d8r1alt efrd ey abotfidfie of the

The coiis are flattened into a single |ayered
wakeb that Twiddsurferpr opdie | statbesavergtdohiscopdjacent the

ST e B ML AL BESSE, SR e ene

sticY | SudoWensds enposhiricOmpadrala dapdeiveerosat eohel axis
segnents, e.g., CIl and A 2 , on anopposite side of

&FdHILRT The coil segnents are arranged in the web
such that the segnents (e.g., A, B, d, A', A2
BI', B2, d', 2, A2', B2' and C2 ') are in
O@b?r]érllcmendZQjo inaot aovemoaps SHd icgidl se@mt@fmth% web

Bl ' t he rii
Setgﬁ‘éerb%so ?g‘a ChG I"I’el? 07r6n {ﬁoémﬁaat %)rrlggegt |é3(rjllsl% a%%lnt stator
i1y r @i ainghe7 g 0i rheegr@mt $s24c0l 3 Wihkob ae aylandedcal
in the stator such that they are parallel to the
shapaitwbral 1akes leayethe bt ofeoredly} FITRIREC2DL | segments

r 0sg1 5eCt] onal VieW O £et he WP SegIRRLS cBvle thEtHeBLher
B L g S naf i o

Into a c I ndri st at or
coil segments (A2’, B2’ and C2’) and do not overlap these
other segments. The segments are arranged in the
cylindrical stator field winding 78, such that a coil
segment from a first group (Al, Bi, Ci) is adjacent a
coil segment from the second group (A2, B2, C2) of the
same coil. 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 rotor (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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field wnding 78. The web is rolled into a cylindrica
shape with interleaved coil segnents. The coi
wosRMssics (A, A') at the ends o f the web ipatrard26@uae3i2
with other coil segnents (A2', B2 ' and C2 ') and do
not overlap these other segments. The segnents are
arranged in the cylindrical stator field w nding 78,
theuc Iprdeitdes c@umagegnrem fluom e FUrRt DIEBup BN amEpOr may
dj.ace oil .se nt_ f t co gr
e bnbsRUECEoR ERL! SRUENG/RANP S900L0I AP naer
fofrntdae Jova tnér ceal welb ito sebsanbikhl thet Hendidaret @iaveter
f the interior dianmeter o f the stator. The sta

I@glﬁfnt@%r%t?)%@’él | BrrEBerhe thei €16 FUTE AA i e‘;he coil
wi aPal &y éS%@lgmw 5@%%%%@1%% banage of each

rt South Soufh poles in fits
segmnnuﬂ(qt|oppheltylem@acnﬁ ShetetatpéDdbmrmﬂnﬁpﬂ%E the

f or med b.76, The coil seg fro
OVﬁﬁéﬁgo %ﬁ}ﬁalﬁgglggﬁ T‘e3 SPé grr%%%e %%ﬁ? %o the
rethdirdr Saeh tbahgcursroentuéi@gvs war&bassameeahsr ecihobuding

on opposites side o f the stator. [0078] FI GJRE 21
mogishivag h%h%ywehdapéamesﬁ%p%t%t SPEM € &1 P $RF ngLFBoT -

T].'{ens’c‘;)é{r fﬁdﬁégl a eI aﬂﬁgi% vhn'&ﬁr%m et nRLoOdesnaluded
nmag I'C ux return path. arbor 'may b e'inserted
iﬂlﬁcmd&mxi@ﬂegeperapberyavhngh@.mpuaumngfiwmedpbyethetor

| web to_establish t der " d D
SRSy PHor O BRACEUNR: 58 dPuneoBBrD Wi nigrth

(0P &R renpesd fdohtly on opposite ends o f each segnent
(at opposite ends of the stator) to mninmze the

overal | stator height. The coils are secured to the
06"3}]%&@@%@ fzgvéga!ﬂéhnglaﬁarﬂ s pde! ¥qi B8nnection
and return path forma slotless
wisilat owhat 1is presently considered to be the most
practical and preferred embodiment, it 1is to  Dbe
understood that the invention is not to be limited to the
disclosed embodiment, but on the contrary, is intended to
cover various modifications and equivalent arrangements

included within the spirit and scope of the appended

claims.

28



The cylindrical stator field wwnding 78 may b e
included in a notor or generator having a rotating

wo DusoBfee rotor represented by rotor poles Nachuda7/026312
South (S) , North (N) and South (S) . [0079] Wile the
i nvention has been described in connection wth what
is presently considered to b e the nost practical and
wHpIre fTey e R did®ent, it is to b e understood that the
invention is not to b elimted to the discl osed

enbqdi nent, but on_the contrary, .i s intended._t over ..

var i'ous r‘%d‘i‘?"%&%‘?i S Qﬁglgauﬁvﬁh&ﬁe'zg’ﬁ} ege%le%]fé winding
fornchudgdowibleisn thaetsri rihcandingopa oplukalapgended coil

claime .WHAT IS CLAIMED IS: 1 . A nethod for nmeking a |
windiewspravenged din adEagstoFoa 1siosoues 16 4t ofecond coil

i ncl udj [ i i| windings arranged in a
I 4Pgt %caz)l?? q{ée?éo%gp&an%e{%ﬁs%%g%d coil group, said nethod
conprising: formng the first coil group by w nding an

insy ated wre f ch.coi |l _wi ndi r_O4MH
B R R
witder nfot tdwechn el lwheiefiimgadrwoid wi ndhmdreb tshech that

first coi I%{igroup has subst an‘i&i,all the sane coil wdth
cagentesipl Bt edPendVE S edSr af 6ﬁcBéFwé3enn§&ﬁtac‘éancé? the

wikiddi pgsr bt ke lrc%ifojﬂhngﬁ_g?lp irs endi $t3R’&e coil group

substantially equal to the widfh of one of the

hasonpliss ezh i atingsheafsasre for il ngidhl fWhent eonpleted and

rou axi al shifting alo t he, mandr.el h .
= Giea Slofi pETRsm 20T g b Bl OGN qgf the first
coMINd e P shaneetaubst anbisalanyt iequat dqudl veot theswidth

the width of one of the conpleted windings to
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 around a 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 group has substantially the same
coil width when completed and wherein 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;
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position the wires at a | eadi ng edge of each of coil
wi nding in the second coil group; formng the second

wo20bd/0s8fgeup by winding the insulated wire for peanaly26@joke312
wi ndi ng around a 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
coi Iragraoti;mdhashes ubahdnel alfirpmt Hdies avpredi fi wé dt &andhercond
Og&npl eted and wherein a separati on between adjacent
CQloi I9Hfi'ngs in the first coil group is a distance
substantially equal to the width of one of the

conpl et.ed wi ndi ngs; r enovi the mandrel fromthe, wound
£ O AP e oM PUB RS o S0 A SAPH TP MG Second
cdillr S&r&@%l £8F QUPs 8RE1 ENQ a8REONGLIS O licH @UR ! Cc @i Bi Weheing
we

| ayer such that coil w nding segnents fromthe
sedmegttcoifirogr otipei nf e¥$ baveo bkt WBEWR ol NtErAGEYg Petween

segnents. of the s nd. cpj i.n
%) nd’flerl$l§)rgers%%ge$§$ogfa g?%l %%g?ﬁgoéﬁg%‘%@?ﬁéﬁbf,?&hge
winding. 2 . The nethod of claim1 further conprising
nount.ing the | i nder an_Ji nper. rt o) .
anndfraar&??a"b%eﬁﬁ? fFﬁ&lg?gt uir]%y??néﬂ.e Sﬁgﬁe matacﬁlol sier o
fdmithd mher@iwitndengnt erl eaved coil w nding segnents
in the web include adjacent coil w nding segnents from
the sane coil winding. 4 . The nethod of claim3
wherej n wirpppi Rethba Welx posiaimns 1paiferttiend] aoaptrising

coil w nding segnments fromthe sane coil w nding on
nQPpoisid etBedey1omdae eyl PRdeINer | SYREARBt IYd ®f annular

nfd il d QL e O YWEAPPiAG the veb

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.

4. The method of claim 3 wherein wrapping the web
positions pairs of adjacent coil winding segments from

the same coil winding on opposite sides of the cylinder.

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.
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i ncludes interleaving coil w nding segnents from one
end of the web with coil w nding segnents from an

woRiaRkice end of the web. 6 . The method of clpairis2007/026312
wherein the coil w nding segnents from opposite ends

of the web are interleaved such that the segnents are

adj acent a coil w nding segnent fromthe sane coil

Wi ndi ng. 7rhe Theetkblod off cébaiml fur tthertlnpr cenpgising
electrically connecting _an

| ndi t
%%ﬁﬁ'\l]t%r?@]ﬁ%?cﬁﬁﬂgcgﬁne%ﬁjnﬁ a%g% pg:g)lltle "@rrjrbélgr?g % a

cdifidh CoErmWhAdI NEhd O cBnh@IHiRGY 5@”W&t@na of each
respective phase of a three phase power supply.

cofHe wenAddgofte| ai marniea ki FOANSVEMNSE dEPec | éﬁSBﬁctlve
theseondC|I p to a wi nding
PhETeNY ¢h © P?%e&gé’é‘é’ ﬂ;éwa Qﬁééfy

i TSt COl . The met hod of
claim1 a winding directi on of the second coil group

and i ng di ctlon the. fir roup, ar

t he @arren]gl??ec?‘l gd 1(5) cf‘JT:ree p ase |e wi Adi ﬁ’éhﬁlng
diffr¥cei o otdfesghst aseboﬁanpebsunggr@upl ursal idppadfitomi lto a

wi ndi ngs_ including a first coil group and a second
Wlébilln@r%kﬂbec‘%h%nf‘i’?s’t’rh%ofFrﬁFoﬁﬁlﬂngFQ&Png a first

spiral winding of an insulated wire for each coil

wi ndi ng, wherein the wire_is wound around a ngndrel

such t hat'I'liie%lcﬁ‘etttljltoﬁ1 oPLtKdak eli & ajBddRE LHiesgrion of
tﬁé” o€ ?%ﬁe 4 ) Qﬁﬂib%t“@?ﬂd@ﬂbaQEﬁfe@€H$n. of the

|n S on drel 1n the first Coil group is
fmshstemtl ajtquecanaé i thei deheofliaecoiilongi-ndi ng in
the first group;

10. 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;

the first coil group including a first spiral
winding of an insulated wire for each coil winding,
wherein the wire is wound 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;

the second coil group including a second spiral
winding of the insulated wire for each coil winding,
wherein the wire is wound around a 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
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t he second coil group including a second spiral
wi nding of the insulated wire for each coil w nding,

woMaes/68siet he wire is wound around a nmandrel syeh/tdas7/026312
each turn of the wire is adjacent a next turn of the

wire, wherein each coil winding in the second coil
group andthe first coil group has substantially the
theanéicel @pdlh Fwewp cdms etseds tangad blef wede adpii€entoil

coLl W|nd|n mandrel in t nd up
Wlid%hSUb"gf%nt Pﬁg %g‘é’a to a Pt B%F‘S@%%m I%éncd&%@ i goil
wilhdg rggcore gehep, mandralcylimn ndilieals emrind ndaidi ngrtohn@ is

first coil group and the second coil group coll.a sed
subsdiential 1obi TN hditRy 3 eheRts Ofr éin ‘?ﬂéy i @A%&
ntgLd eaved between coil winding segnents of
eg{?gllaggg{a(ﬁl ‘coi | group. 11. A three-phase field w nding

as in cl al m 10 further conprising an annul ar nagnetic

f1 U [&) 10l 0gh 28t DU A ed) Ak ScopLNGegugnana

an inner sur ace the ri 2. A three-phase field
the ndeagnds dai k| giroub0 cmblmmedi heuaht ethehveapichi Wwinding

wi ndi ng segnents_in the web in Iude adj acent Coi
SR SEnt EhPr o ERE. sl loodE Aind: R . T3rerheaved
bddWREr RSSE i @ithy §8bRenes bh chal gea;an\ahebe_uln RAULS.

of the adjacent coil w nding segnents fromthe sane
00| | winding are on opposite sides of the cylinder.

A thrge-gihase Jupdd Wididng vdhdihg! aign it tkeaim 10
vvherel n coil w nding segnents fromone end of the web

flardhemt eppakednagi tan cahnuhandinmprighentd v offawrn ring

(qufltgyllndrlcal web is mounted on an inner surface of

the ring.

12. A three-phase field winding as in claim 10
wherein the interleaved coil winding segments in the web
include adjacent coil winding segments from the same coil

winding.

13. A three-phase field winding as in claim 12
wherein pairs of the adjacent coil winding segments from
the same coil winding are on opposite sides of the

cylinder.

14. A three-phase field winding as in claim 10 the
wherein coil winding segments from one end of the web are
interleaved with coil winding segments from an opposite

end of the web.

15. A three-phase field winding as in claim 14

wherein the coil winding segments from opposite ends of
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end of the web. 15. A three-phase field wnding as in
claim 14 wherein the coil w nding segnents from

wohp96Isige ends ofthe web are interl eaved such gdiats2bdvze312
segnents are adjacent a coil w nding segnents fromthe

same coil wi nding. 16. A three-phase field w nding as

in claim10 wherein an end of each coil winding is
theonRedd ecired dromewmioraved ni siath anchan oppesi segwadtsf are

each coil w ndiing i.s connected to a tferm' n g L1
GGG alfl e CPGLa MEQFRCS v & SHHESE Sof 5°f“hrg €phggee cot
wilkR¥elg supply. 17. A three-phase field winding as in

claim 10 wherein a wi nding direction of the second

coil group is opposite to a winding direction of the

firste coid gipuRe-pihsd tirers PhasRide! dani Adi nglasm 10
in claim10 wherein the second coil group is wound in
whereiganendierstt Pn ea@ungoiie wipdiey 45 tRENPPEEEd to a

coil group, 19. A hao | ndi ng_.a.fiel : P
ccifion ot 2Bl Thhas it Soelansh Sacl it opipaine
iaM pghAgcaell Wal bt v @fmimsul afoeshecandilet ots abovespective

mandrel to forma first group of _coil w ndings,

Phafs @ & HOERRIRPRDT | BOVAT t REPPLY st group is
I medi atel y adj acent on the mandrel at |east one of
the other wound coils in the first group; shifti n%

| ength- ofA t HOXRATRRAD? s TG | Y AIBHP t RS matidr & ag.m 10
wﬁgf%fﬁmg %Hg%ﬁﬁg'éﬁfgcgﬂ&ﬁld@?éhé“gééoﬁ& g Woghgup is

coils inth st group; starting at the distance
ornist tatti@ld wiendiahg t 31 thetipdt hfothehdimwstngoddi Iggoup.
fromthe first group fromatrailing edge of the first
group of coil w ndings,
18. A three-phase field winding as in claim 10

wherein the second coil group is wound in the same

direction around the mandrel as the first coil group.

19. A method 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 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
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spirally winding a second group of coils in a sane
w nding direction as used for the first group, wherein

wo 206s/084gad coils in the second group fornmed amr/us2007/026312
i medi atel y adj acent on the mandrel at |east one of

the other wound coils in the first group; removing the
mandrel and flattening the coil to forma single
tridyemed welye nelfuditige ccﬁllrsﬁegmerwaof r@fn t¢eifireindings,
interleaved with coil msnt %gltlge gcogd same

Spgnr Y a3 D5 fy SREORSH gﬁt ered

w19ﬁdl|ri§dealf€c%bﬁh &1 L1sefir oma thEI rﬁir@t otgrroajpe wherein
over | apped coils formthe second group forned by the

thegmewewhductarisls 20N A th8 ho8S5§870n FEPWP 19 fqur“ter‘?er are
n&%'m“t%l Cyg{;éﬁg the ayd i Rdakran At 'fésgtsweac&f the

ux return ring, wherein the coil
otsm;umrmm&rcmjm&r alnl ethe¢ of rsengeoupxi s of the
cylinder. 21. A nethod as in claim19 wherein the
plurality of insulated conductors is three. 22. A
net heth@sirid cheai maddraheasdn flke tepiing egrentsi ¥ oraedorm
on a first side_of the nmandrel in a, |rstgﬂgrou§ £ th
a ofePPaR WIYeEed Vﬁ%@wéﬁ? UAdnFedCOhl t IREFTTRYS sifd s the

£ithe mpdngl iihddie sacond B ONP. c3B1- degRbhed asrbf  the
claim?22 wherein the coil segnents forned on a second

segiagel frave reardirel in a first group overlap with coil
segnents formed on the second side of the mandrel in
the second group.24. A nethod as in claim19 wherein a
f| r stragpine |Eyer wedf timgocyki ndep-dpyeredmedyByngeiry in

nﬁgtSQ%Tnﬁgﬁhhéﬁg E%% aggoépse%ﬁgd63é£ﬂEbAéWeEalls

form the second group formed by the same conductors.

20. A method as in claim 19 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.

21. A method as in claim 19 wherein the plurality

of insulated conductors is three.

22. A method as in claim 19 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.

23. A method as in claim 22 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.
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are formed by coil segnents of the second group. 25. A
nmet hod for making a three-phase field wnding for a

wosloddhs3s@ Sstator including a three coil w ndi ngsyuged 6312
nmet hod conprising: formng a coil group of the three
coil w ndings by wnding an insulated wire for each
coil wi nding around a mandrel such that each turn of
the 24 r e A snedpadent dmexdaimrhd ovheheini ee, fisher eph the
each coil wi ndi n_the first coil has
Lol 404 1 GRE Yo DR eOEs! IEREED S e ot PR EnaEa the
fl%esttaféﬂaeﬁ Reidvegn sadioheenNé £ Cehle AW NYSoiEN die Eilshder
coll group is a distance substantially equal to the

ang didrmsfd dne @il heegbeptet el WhadFAgend PERMPI-ng t he
mandrel fromthe wound coil group; coll apS| ng the
wound coil group such that coil w nding segnents from
a fidst A deedhodhéormmakéng mt dhireg®baqebietd winding

£ 1) MASRAIED 8 L AL 0PARPhY ® o) EA-OL | 1B ngs,

J PYh& S ngl ayer a cy nder to
sdiat ﬁﬂétﬂﬁ)dlc&brﬁbﬂ\i@ﬁn@g wherein a coil w nding segnent
on one end of the web interl eaves between coil w nding
segnents at an opposite end of the web and w ndi ng
segnmivsi g ofn (el Isagieoapi o fwi ik nghaee midppo:isﬂldi':‘ngs by
sides of the cil i nder.26. A nethod as .in claim

Wlﬂlﬁﬂt%ral@ohﬁﬁil PRGNS nECT heagl crddr W%n? nﬂEP‘md a

gfcha {RgheaCH | Lt el ntﬁéngmv@e&gl hd{¥cent a

COI I ng segnents are para el to a center axis of

nexte tytnndxfr t12y. wAreet herasin reathai gp25 wherding t he the
ff%gé 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, and

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.
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segnents do not overlap when coll apsed to the web and
interl eaved between coil segnents. 28. The net hod of

woSlodd/epsés further conmprising electrically connpegiide@Re12
end of each coil winding to a comon term nal and
connecting an opposite end of each coil wnding to a
term nal connectable to a respective phase of a three
phagé .pover metippoidy. as  in claim 25 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.

27. A method as in claim 25 wherein the coil
segments do not overlap when collapsed to the web and

interleaved between coil segments.

28. The method of claim 25 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.
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