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' S € pJo thAsas<tRrough the apical pomt36 of animaginary conical blockform o
45 R2= THereaftetbending lines 38, 40 are prescribed which pass through the equal division points 24 26at -
(7) Whngies diy, toitheséspentivd imagisare referéhGe Iinle281301 s seergfromeFiguresd tg3, dpadjecnf r om t he
third ltem!rm;'mee@ 'wmleta-he(br!thgplrmqumﬂehdnm@tmglqa Gy s@ctivelydhussthed t hird
tr un1§alﬂfeé ingling %fo%\fl erPa'P'“ﬂh"‘ﬂ'Eﬁ"WngQ12§ ipyFiguressi o3 1"&3&91“"'3?9&%@?' dl 1%0

def i ne i”ﬁf I G 562tz o Al U eYacSlaicir .

api cal W ndﬁr gﬁzngS t%gs gg% g ig chaﬁ‘naaﬁé angle -

defi nemlatlwa bbhuamga nesa&ab &Marﬂmhe(béhdm Ine nd ddjadénbtol(shi@ bé na me'—383Fbjéitsn

( [ ergp] ihaary, it fe, the @atwdrd &)d iswand wrodjedtions are alternately repeated. With the second flat 24 8)
ring-shaped original winding 6 p(egswre i} dppliedin such ampfgnepthy tﬂmbnn rn¢ ?8 nz913=ctt os The

|| efPwardsnihg penginadine 40 geliagentn 7 digg eéﬁpro Vg wordjand
o oy s e

rd projections are alternately repeate original wmdm ave ub]ected to
Expr e \%; re fitted wi
60 dz% ich h£!; a ﬂ erof K2 and an outer diameter of K1 and a center 45 and wherein - :
megraéﬂm A4%x1BAYIgHg iRIDuURE pdribRoryid e OthedondeRtAt Lifial B thd1fne efond
st ar srieapwafmelouehxemtnc&n&lc&aovm in Figure 6 or 7. First, an even nunber

or a nuﬁ@'eﬁppefemzfr? the %!@m)'tﬂelyloaw mw@gemngefepaﬂfzt Rigne gf the bap d-gffap aﬁmaruﬂzu si on

B e

euneewa in%ivﬂﬁliuﬂbglzr\tz%lt paéaeom cOok @n per i phery
of t h EeldriuiveTS a8 EHb wamrmgm& w.&itﬁledaybrb.ndrtnmhg%mbnaied\ffom@hmgaal Wth the
s econdwihdiad 6 ofiFiggre 2 tbepapieraind hivarcsurfavesxt saidjorfinat wiadisgp rad explosed slteﬁfatepod)nﬂﬁs 24, 26

) drng a flat jig and are again pressed to be bent. As aresult, a corl element 18is

ar e @e‘mpﬁ'@dd bwe*tme'o %‘Fflt Ne"' noEt 16hbe band-shapgd mP@?"WaS%ﬁ“*’PQS ed35
ori gin ’Pe’ "'6’"% Poin F?T°F1 ‘Pr@hify°Wf’PF9t’ﬁé’°t'ﬂ|?‘rséu‘?§‘ﬂﬁﬁ?f @(!fteﬁ‘éﬁ'n cal
origin T@%z @ﬁf L e e e ‘#ﬁ AR

per i ph\e e@a"ﬁmn@sfha .raum sq 106 fHom 8l oqg.nabv.amn ﬂshl,%n

shovg .hn.g gwrﬂ333spect.ve|yhaSeaT&iareeag‘nieafsAz |4mag| nary reference lnes

passi ngFdritabotagbn éfite ceitpiahentiBshavrdn Fipaks R @hd 2Ahefignaieviings 2, ) HdhouWrbdrett he

first 'b pridauirenticried teavigpments. Basqmdtl diveniofthe iesnrctiva tvpss % @ fl29ferigieal indiag. 28, 30

are ‘tfﬂbﬂéﬁé ndfla *&l‘qpé‘l’ %!neleﬁ' °f559i“§ °§9rfef§' 'i‘ﬁ&° érﬁ"ﬁahﬂs@ ja Fergi nal
fo

W nd 5n§d§uw ;Frigﬁg@mﬂg emu '"e : ﬁ%‘e “‘5{"' % g .

| maglngy )E-‘%‘J&E.&{}ﬁ&ee BIS wilHE dnl Béﬁ‘é’r\t Qnd%%%, ¢
ring- smmm, original w nding 6. th the f"n rd truncat ed “coni cal
ori ginal w ndi r;a‘g“;%w';)he [ magl nary ref erence linés are chosen to 10 -

convergent | ydpg gh the ‘apical point 36 of an |rrag| na« Y11toni cal .

bl oc38f or m Therea%ter “bendi ng l'i nes 38,40 are prescribed which pass 50 S

t hrough the gtmadzsndl(nln)5| on points 24,26 at angles [err] to t( respective

~imagi nary referessoadines 28,30. As seen from Fi gures 1 to”3,  he adj acent -
bendi ng Iines 38, 40 ﬁ inclined in the circunferential direction at angl es

[ er rgs2 respe@{énae’r‘ —the 15 bending |ines 38,40 divide(13he ori gi gl

wi ndi ngs 2,6, 12 shoy cosrl-—)Fl gures 1 to 3 into a 2n nunber of equal 15
band- shaped segnents 42, Ra. _ o _ :
' gp=r+n SRR S S |
60 ' : - . 60

~ Where the second flat star-shaped coil element 18 of Figure 6 is prepared from the second flat ring-shaped
original winding 6 shown in Figure 2, then this original 'winding 6 should have an outer diameter R, defined
by the following equation (15) or (16), and be bent at angles ¢1, ¢, defined by the above mentloned
65 equations (13), (14). . . . . ) 65



Prelimnary hending is applied to the original wvindings 2,6,12 along the
bending line 38,40 neans of a jig. Wth the first and third origi nal e Y
wi ndi ngs 2,12 shown in Figures 1 and 3, pressure. is applied in such a LY
manner that the bending line 38 projects outward and the bendi'ng line 40 _
adj aceng to said bending line 38 projects 20 |nward t hat sGB,‘;%g {Po ward
and_inward projections are_al ternately repeated. Wth the setontrt

ri ng-shaped original winding 6, pressure is applied in such a manner that

t he bendi ng |In§ SR @sOiart s upward and t he. bending line 40 adj gg nt to

sai d bending |ine 38sipé0) ect downward, .that is, the upward and” war d -

proj ections are alternately repeated. The original wnding 26, 12 which

have begn subj ert-e¥2%BRAL] i ni nary bending are fitted with a flaejig and
are again pressed t FMY bent. As a result, a coil element 18 is 25 provi ded
whi ch has an inner diameter of K2 and an outer..dianeter of ‘KL and a center

45 and V\/neT jinper djameter Rejand M%ﬁ HWE’S“M@'Hﬂl!d'éﬂ‘éfﬁﬁurz&lzé ePHE‘?“é'b‘t sglected.
pQrI pher8y0n in Iwmdlr?cqgtg{a ,Efge F‘T

algr te (Blfcalt he
th|s OI"I na w avgala | fined
outer ¢ Io in F tg §¢1, E@db?%& gr %%(13)
manuf act U(|i4)ng Ste at p ane of- the apea segnent 4

exposed on the out el'qsug CeeR the coil elenent 18 shown in Figures 6 and:
7 corresponds td in G, 2ce of the -original w ndings.2712. That
pl ane aé the band-s aﬁed segnent "44 which is exposed on 30 the outer 15

surface of said, coi k2ehgnmpah (528 corresponds to the inner surfac 3 of the
original w ndi n§s Rinkigsin {en)sinte@} and | nner surfaces of the orrg’ hal

wi ndi ngs 2,12 alternately appear on the outer surface of the coil eI enent
18 .as %omeiaa.cﬁhwuesrﬁmmd.a?neté%;dndWim E&titHe tildiiRdited tohidafl orlginglWitding 120f 5
f abri cat efpufe3ouan béptionaligehosdn. Wi ndi ng 6 of Figure 2, the upper and | ower
surfaces oPessfmtld" I8 nowydivenl of the methadiofenanyfectering @ thid %Idwn@&oévgﬁtmmvvhbets@e
upper and °6 6?’t9F’BH’§"‘B'I'9 gropnd PF""QP'@;‘ﬁﬁ?ﬂmi%“a'\ttﬁ’écaﬁa’ﬁﬂ'“%ah%{%d”@émt s
42,44 " aﬂnb% QR 0BG on nurit s o A B U R o818} llaRlebh Boifd 27 %
set on Thy za«a . h@ﬂo\‘mgftﬂ@&ﬁélngivhﬁdlﬁgs @, fA0taABIN 8 an qaid.ashc@w

di st ance. thérmacﬂmu.adal hdithZ 8 eqUal diigiondfoint28, 26 Gie s&tn th wRENd PEHPhry Siowain

i magi nar yFigure 1 With th8 secaiftaguiigishbdey odginahwindiagi@shodh BitFipo e, thddypalsivipive noists 22, 44
of the coiblaregravidedion th@pesipheFy of theou®r diarhatérofthedngfshann Wilti‘ethﬂ“'rr%lfunem?ONw '

wi ndi ng!02°’ ae'év"ad'ngﬂﬁéaereqbaﬁu's‘gna%s24r PRaresstan the hapenerihent the winding 1 228 shevim 30

the origi™ ere@%&qz%ia rlreﬂe?en%%lé‘é‘zs% abeLpdctridiivhich fasdtRBush the's) ﬁ%&isuoﬁ'pé’.m@%’ €

arcuate Sﬁ ical original winding 2, the i |mag|nary reference lines 28, 30 ar &¥d in parallel
fabri cat i vath 18 axisbfanGRidinad) &iifRintal B ém&mvw.m the FocHAMIBING-sRIPEd Jng.ﬁahanmg ediheal

Wi ndi ngg idagindiPretents lthes8E0 atdtbosanepivemENtlypes thrauph the@aner34 of sbid Bog-shppedon 35S

gi ven of ariginalmindina®t leethet}'pégur@atédmlcdpﬂ!m' indiab mmmfen cew&%mm second
flat staram P?é‘bmg ?&' e F‘éffe gg’ﬁ"r@ ?fﬁgg’ g? ?h§f‘§‘n{;%$ rg%%f’%‘rfmﬁ‘r rcle
has a di : u K24i'S

i Ziﬁ I}' Sibed St i Zﬂ it i E“'"Egbzakhewra fé?aﬁ’. o t.es R nthel a0

fabric

t hen, ?.hltﬁnémdlﬁksﬁ@ldwdethﬂdﬁ gind Winding 2,1 2&h6\VAViR Figured ATEIn6a 24 nGhilb érBﬁan

f ol | ow nghamdadgnrents@3d,3y. 45 or (12), and optionally selectable width B and
be bent at Pra'r:%hamb ném sapmsdtod@freqne@v iginalwinidingds 8.6 12d eqemtOfamsW(ﬂltB;flrsv( 14)..

n Ki nHt gures 1 and 3 pressure as a %lf?
d K e befr,tdlng line iﬁg‘ﬁ/ cent to saldﬂ)encj’ g lines 38 pro;ects in w;rd lftwarZi 45
li m e

and in
LA ( 13)pressure is app! anﬁé? n lﬁﬁ fire 38 projects upward, and the bending line 40
adﬁc o said bending Ime 38 projects downward Upward and downward projections are alternately
60 V\her e refeated Joaorpiral witdisgsay 6, thetiahthawstietn stbjeni@itd thi 8bavé-miehtipnedprimisary
pr epar ed Henpding aréreack fitted miith A trericated epge mp egpirgnTe Ohahe 'wnhd# Frgsul, aghibelemény20 50

Fi gure 2,soresd whesesegpe 43664 exip g FY teingaiad conicahleckforey
defi ned. 5§}9§!§'hg ?:{f% gll O whiehhae  Rraerdgmetert fE’fﬂ’ A 'de‘B’ePzB'B gy es [err]
2 d efin ap R Vi BBVl ARG R ﬁémﬁm% Q613, that Bllne df #&segment 42 which is
exposed on the outer surface of the coil element 20 shown in Figures 8 and 9 corresponds to the outer 55
GB 2 059 sBféreBrthe original Widdijgs 2, 12. That plane of the'segment 44 which is exposed on the outer surface of
the coil element 20 corresponds to the inner surface of the original windings 2, 12. The outer and inner
surfaces of the respective original windings 2, 12 alternately appear on the outer surface of the coil element
20 as a result of bending. With the coil element 20 of Figure 9 fabricated from the flat ring-shaped original
g0 winding 6 of Figure 2, the upper and lower surfaces of said flat ring-shaped original winding 6 alternately " 60
appear on the outer surface of said coil element 20. On the upper and lower portions of the coil element 20, '
the segments 42, 44 of said original winding 6 are superposed on each other as a result of bending. The
equal division points 26 are defined substantially at an equal distance on the periphery of the upper smaller”
diameter of an imaginary truncated conical block form 50. The equal division points 24 are set substantially
65 atan equal distance on the periphery of the lower larger diameter of said imaginary truncated conical block ‘65

ne 3
o ﬁ) ernatel the second flat ring-shaped original winding 6,

/\_—-



[err] The inner diameter R2 and width B of the second original winding 6 of
Fi ure 2 can be optionally selected. Were the second flat star- shaped coi |
e nt 18 of Figure 6 is fabricated fromthe third truncated conical 10

naI wi nding 12 of Figure 3, then-this third original w nding 12 should ,

rreter dl defined 10 by the followi ng equation (17)
%Eﬁééeo%ﬂt &

(18 at angles Jerr] defined by the aforesaid equations (

(14). ERR]T The apical angle [err], smaller diameter d2 and width B of
t he tFH"F'&O F"Eﬁ?@&‘?@ﬁl’% fﬁ‘am'lﬁ'q':’gtg’e I°fwmfﬁ:g'°it2d(5‘?m‘hefwm fea! eriginaban be

S
opt Ihogéﬂpg f dE:é at ri g m lwmdmg@of ndt runca#%l@?rqcaal ﬁl?é acturi ng
a tni SF %a‘pﬁ ThilihelEbfi e Snsj;\-[ 25’6’
origj n rfAbr dﬁ%fﬁé&m@ii uYes@ n@élthlaﬁﬁahd”'ﬁfnmngsrzu@(iﬁirﬁ |d%9t Ca'
bl ock teundarmbtidRed requiTeBerte Dacrcmorasg.% of thE rdspdctivedypes, 612 BLUTI MBI wikdival a
2n nui¥rere tfethicenmtaei canical cdilepaent@) isfabfcaetdrod the firstofiinuipakdrigiial wirslingr2 opor nt S
25 24 Fmerearbtec%lm ttmbqrn%,eg r'trs pivaid prigital winging? toeeifendpaiong ﬂmpﬂmewef s 2,6,12

bst dpginaryt " apw'ewlﬁ lgrops diametsz ) a fes e ;
oot ,;ﬁ 6@ ig R o,ro geﬁrgigﬁr'? wiog SRR %'r{;gsho\ﬁn in
ecgh sl

Fi gure ng s orl _ mnnd ing 6 shown in

Fi gure 2, th&:@ﬁﬁﬂE.&EﬂEﬂﬂﬂﬁ.pOlnts 24, 26 are provided on.}Rg periphery of
t he outer d|aneter“5hm4?ﬁﬁ%lng shape. Wth the third truncated coni cal 30
ori g nal mnndrng[ﬁgm GfsiBgel division points 24,26 are set on the base
peri phery ofdTh& a shown 30 in Frgure 3. ThereafPer, imaginary
reference |ines 28, 30 are specified which pass through the equal division
points 24, 26. Wth the first calindrical original winding 2, the inaginary

ref ggence I|ne§az , 3Gsire(tatn) eih gy2iqed i.n parallel wth the axis,of an 20
|rrag| nary cﬁ dt i cd cQs{?‘fEngg Wth the second flat rinG- ‘s aped ori gi nal
wi nding 6, the 35 'IDm I naw y fdrence lines 28,30 are chosen to
convergently ass nﬂt}gh the center 34 of said ring-shaped 22) 35 origi naI
Wi ndi ng 6. S"™MY'¥'d truncated conical original  w ndi fig i2 the _

ref & ence Ilnes 28 30 are arranged to convergently pass through the ap"l'scal

“Ppoi Nt I6hedd théRird CoA Glemarityt Riguidwiatabbata o fle silofd it fitrsWapdd dFigiRd windidg Bef Ny

| i nes FgBre2havsaid sqpend driging! wilting 6 sharddhaviraroustsindibineterdRy definedibwthesfolnwinmoi nt s

24, 26 eguatipn @3 er RHevd kerbghiatanbles ¢4 ¢2dgfiner by thesfgleprid spuptione@iged(2f)i nes 28, 30. As
seer$0from Figure®il ta 3, sihfignati@nent 40 bending.lines 38, 4@ are |ncI30ned
respectivel y'atzeamgl @8ly/2) er 1 gin fnf2nX he circunf erential directi ﬁ Therefore,

t he 40 bendin I|nes1 38,40 di vi de} the original :winding 2,6,12 shown in
Figures 1 t 2 _3_273 ﬂgﬁi_ﬁf_band shaped segnents 42,4#4) Preliminary
bendsng is appl%*@e 1 YVYHe ff@'@tlve original -windings 2,6,12 by neanssof a
| . Wth the first ‘and th|rd or| |naI vmndln S 2 12 of F| ures and 3,

e rﬁf‘%ﬂﬁ"t ttfw“f alhw "‘%"%% st emel s
out vva rojects

@ % g'lé‘?zr ECtIOI’?Sa ae a ternat y repeat ed. Wgth
the second fd, a w nding 6, pressure is. @pplied |n such
a manner that t2ﬁ8¢b W gs"l{f"r‘?é‘ 56 oj ects upward, and the bending |ine 40
adj acent to sai chherglispd siniiitf) SRR 0j ects downward. Upward and downwar d

proj ecti ons Wras@Eb] TR SeRRERASE.. The ori'gi nal wi ndi ngs: %6, 12 whi ch
havé®been subjected to the above-nentioned preliminary 50 bend| ng are %¥ach :
fitted e bduafors (M@ @) ahPRE) alethh ARAMBARAIMRERHRES Ul ndIGe mdds @ result, ¢
a Coi leq@kiedsRa, ( Q(zs)asﬁ(zbﬁréfﬁgtlﬁ‘ﬂﬂ avhose segnents 42, 44 extend al ong the :
per i phatierathe titd éaalgmaat2y is tisplovedibsastiowroin Figares 43in0 @ ko vikiuhthed@ntséuventsionth&i gur es  °
8 amsd oggind windink gxtend along perdmgnetaermmnarvswatareércormaméwfmmzenamhlmoangaoe y

at an ele;? %%gr §§II_ Fr'ﬂ”’%:é éﬂgr“ %H‘Y"t"ﬁ ‘pb‘i”é'e pPRePUYRd
manuf 8 ?"Wﬁgc‘% 'f°§w§ R§8Eed on
t he o§ ‘ér g %fes ﬂg‘tts@fq ' E'20 g:i)wn in Figures 8 and%eg

cor rgsponds \ﬁgzttrgm(mter 55 surface of .the original w ndingen2, 12. That

~plane of the segnent 44 which is exposed on the outer surface of the coil
el ement 20 corresponds to the inner surface of t he original ‘w nd| n s 2 12.

The onew:d@msmmemsgtsg?dge%;;g::g tegprate %equ[a gﬂre i@t%ﬂﬁiﬁ higgdany,
al t ' resuI t
of 168 $€) é‘ 21 r-é emebiiierﬂore nectl vﬂzxz sron pomt ?itgf—éf&—@- Em nt ¢ jd%z fqo

ring-s 'Qiglbﬂbtﬂ Zﬁﬁbly“l!ﬂ 'TH&L‘ ﬁltﬁﬁctrlﬁigﬁblﬂamgdbyte SHMREHt eqUAHisvRIGRT Surfaces
of sarpdmtslza,tzssnm@cebraraﬁdneamegsmbemsadiem@paAakaeaframriahrys12 etiaagiprar on the
out er iseriof argtes ¥2nsad ¢l aodar exetienzegle ¢22The r@eq1m1®?¢eald iaupl¢ welengtiordt Fons - of

t he es &-Whendhnsyfere e sineitheoreainapatiasl tgfollowing eauation (28} Peyithal wi ndihg 6 ar e85
super posed on each other as a result of bending. The equal division pgints
26 are defined substantially at an equal distance on the periphery of the



di ameter of an imaginary truncated conical bl'ock form50. The equal
division points 24 are set substantially 65 at an equal distance on the , /
peri phery of the lower |larger dianeter of said inmaginary truncated coni caILD/S_
bl ock 65 6 GB 2059300 B. .~ ' ' ' o
6 formb50. The segnents 42,44 of the coil elenent 20 of Fig i cat gd
fromtHe first cylindrical original winding 2 of Figure 1 h;t{/@(g’gé@%i.ghte
band” shape. The segnents 42,44 of the.coil elenment 20 of Figure 9 prepared
fromthe flat rimg-skaped original winding 6 of Figure 2 and thgsiruncat ed
coni cal ‘ori gi nadingl RuhpNOsid@/m Fi gure 3 have an arcuate band §hape. Thus,

the coil elenment 20 is constructed as illustrated in Figure 9. 5 : For

fabri cagiqR eglatibhi@9) ¢y be Ab@fidIHto 40 fohbWinlequBtions @oYaAS(36). and 9, the original g

wi ndi ngS 2, 6,12 shoul geet t he undernentioned requirenents. Discription

i § given of thef+é&s s:" types. 2, 6,12 of original ‘winding. W&k the

third truncated coni (_:afpzcoil element 20 is fabricated fromthe first
cylindrical ori,\ﬁgi_'g?l siipdaing 2 of Figure 1 by causing the bent gggnents oIo
sai d or'®gi nal ndf fignd to extend al ong the periphery of an ifagi nary
truncated conical block form having an apical angley, - larger dianmeter D1

and snmal | ewnhsH dapByel thd ir@RunchtbEddnicl iofigisdy Winbitl i Zifdicats agaruate bandstibpegwiicrs houl d
have a ditas®ieloythesteéritsrBdiarividepiandntdehtervinplg dciinrain Ggurg MBpstraightlipesst befviegh thand

be bentjsarespastiyt ediackmeqyal ¢i¥§§i_?m°irit8\ﬁ’élzﬁat$é'f9i§ﬁ'@€}ab gewrfeap_vmﬁtfqg@d‘;u%{w&ﬁge 15
(21), (2 eplogment center 54 is ¢o/2n. Therefore, the sgéé%%dlstance e’detweenfttlnle agjacent e?. :Isd(l |s:::dp(g|2r;ts

25 \Mher'e Y8 apdieplevrgnt contsr anals to atsire vexgrepsgd e following paratighs H et ond
flat ri ng-shapeg=g&i,-gj1($¢4n, wi nding 6 of Figure 2, then said se¢od) ori gi nal

w ndi ng,,6 shoul d have an outer dianmeter Rl defined by the follow ng 20
equation (23) or (24) and be bent at angles [err] defined by the aforesaid
equations (21) amr@nsk2y2) [err] Where the coil element 20 of Figl®k 9 is
formed of _the third truncated conical origjnal w-nding 12 of Figure 3, then
sai d t hi rinedlipyinasguatian{Zd iigerivad o tie foiadfE'ol® ar ger di aneter d1 defined by

t he fol3ow ng e?PQEEPﬂ"(&Eﬁ) or (26) and be bent at angles [err] (33)
respectively define y the aforenentioned equation (21) and (22). [err]

The equations (21) ,(-22), (25) and (26) are the fundanmental forns of other
equat i onsTheTdliewin equationts [Bakamnd (3§Lragult rpm thedigyre of Fpye 8. ( 25) and (26) are first
proved.sowere the third coil element 20 is deployed as shown in figures g30
and 9 in which Pha2Bein@egnents of the 50 original winding ext & al ong

t he periphery of an inmaginary truncated conical block form then the third -
coi |l 50 el enenp, Lor@siyh) Ooned, as shown in Figure 12, in a regissh defined
betsetngt wo concentric circles respectively having dianeters 2F1, 2F2. Thes.
central angle [err] which the deployed coil elenment 20 defines with the
cent er 52Subktitaténgitipyeruation {33) fenthareguatiop|(3Bthe feliovried audticAF*Wijuat i on. [err] The
equal division B i Bin (824, 26. di vide the periphery of a circle hayj ng a
| arger di amet er "DIsipfp/glires 8 and 9) into equal parts. Straight gl st ancesyg
bet ween®al | t he adj acent equal division points 24,26 are the sane. As 60
seen fr onstis@iiing tHelquitio (28 fortks eqliation 36 hafodatingmyustive iselgrivet. di vi si on points
24,26 to the depl oygm e 2 60 divide the central devel nt angle ~
[err] into a 2ndiua)'é :a/ nimﬁmé egnents. Therefore, an angl e"dzt%rﬁed by 45
the equ# division points 24,26 is [err]/2n. Thus, all the triangles-

06 i N0 Dy SUEL¥erlh FE Hua B3 1o Kt N B e i Ehrbilediep! oy ment
- s- / o !

center 52 fave 3 seen from Fi gure a triangle has
interior angl es gj esinfd. .Qégl%ﬁe%—and an exterior angle [err]-- (3e
respectswe sides ofPSIBH[2Y sty 3 g?'é’hfave lengths [err], F2, 65 F1. When, 50 -
: QELFI g r © ’Sul;[sti]t?ltinsgl tl?%e\g&:?tﬁg:](gg] a:\cls (358i Ff)oe lthlt-:et'\agtiati<t:nh(§6),f tl?e! flol ovv\din%qga%gr?its Io@tg}mgd? 8)

GB2059300 B 41 = Sin (#2)F sin (W26 D2 e (28) [err] -5 This equatige (29) may

be nodi fied into { Reinfv@® |stnip/A) Bryprat i ons (29) and (30). . 56
[err] :

Substitufing the equations (27) and (32) for the equation (38) and substituting the equations (27) and (32) for
the equation (39), the aforesaid equations (25) and (26) are formed. :

The ratio of F1 to F2 is expressed as follows from the equation (28) and equations (34) and (35).
O B _sing D1 e (40)
F2 sin¢g, D2 : . _

60

where the above equation (40) is substituted by the following equation '



When depl oyed, the third truncated conical original wnding,12 indicates an
areyat e band shape, which has a depl oynent center 54 and depl oynent center
ahg [err]. Since, in Figure 13, straight |linese between the 15 respective
: ®cent equal division points 24,26 are the sane, an angl e defined by said

stTaj ght éd{}ﬁs:at;oeﬁr] with the 15 deploynent center 54 is [err]2n. g
Therefore,” tThe straight distance [err] between the adjacent equal divisiQw
poi nts 24,26 and depl oynent center angle [err] are respectively expressed
by the fol | ofi T "'e'ﬁ'&ﬁti ons (31) and (32) [err] = 2GlL sin ([-er(ff}/mn)

(31) 20 ' ' _ ' '
20 + :%dtﬁ'aﬂdiﬁ(ﬁ(tl@orem is applied, then the following equation is derived. . . Tt
(32) gThe fol Low ng equation (33) 'S derived fromthe figure of Figure 3,25 -
25 d1 2 Gl -SpHacds[eri)]+ cd) ¢y sin (¥/2n) =—- y e (42)
.. (33) The follow ng equations ?%4) and (35) result fromthe figure of
Figure 8. 30 T : C . : '

Wh e e gq n (42) is deformed then the aforementioned equation (21) is obtained. Where the
30 D]%(% e{eﬁ[‘ agtl&m{%)as stzlutg y the equation (27), then the aforesgi'd equation (22) results.

eotefically, cribed equations {2), (3), {5), (8), {9), (11), (12), {15}, (16), {17), (18), {19),
s (@ /(23) and (24),%rb derived from the equations (25) and (26). The aforesaid equations (1), (4), (13) and (14)
35 Subméuitttiebn thgequitRn€@ 1 AL). Whetedd anhizFy hidbemaN|uehie] tBéh thedsd)i elenbi islc@inkdfoMiy g
equat i formedesan drginal finding whese h¢rfi ségnecits extendslong thé periphéry direh imaginary columnar
( 36) 154jock form. Where the a.n.gle y'ir}dit.:ates 180°, then the coil element becomes flat. Where the angle d has a 15
40 Su b%ﬂ't‘é x%"iW§@’j§ ?e‘%l"F'BWal‘eZQ)?V"F‘S’I“’P'r?éaﬂ?q‘ﬁ%%’?'Bﬁa'("?@)s,'_'°‘_‘t’%1§°'f'lff_‘l"t§\/vi' ng
equat i B d?egg?ptio is giel o{tﬁérﬂ tElcPJfFaLl‘%}ing tféfﬁst(:&ipglgnunz{pof Figure 4 from the
(37)  4cYlindrical winding of Figure 1.5 N [ €F rT_ - Sl n(l err n) _
45 Rgr t ResumiigRSio ahild 0 Gh thé\euaitraib)aRd 28)4herf thd folldWingRgUlibhd1Bsuft37) , the 5
follow ng equation is produced. d1 sin([err]/2) sin([err]/2n) D1
(38) 50 sin(yi2)+¥/2  2sin(y/2) sin([err]/4n) sin[err] : _
50 SubstituthgW%Q%éequations_(30) and (35) forthe equation (36), the’
f(ﬂlé@M ng eqllBtY9hR%°s obtained. dl =sin([err]/2) sin ([err]/2n) D2 -
(39)%55 ~  qinfuznsin@2lSivn @ 2) sin ([err]/4n) sin 4),
55 Substituting the equations (27) and (32) for the equation (38) and
subst i t ut i ngsib fn sbgyalt =eneyR27) and (32) for the equation (39), the
aforesai d equations (25) and (26) are formed. The ratio of F1 to F2 is
expri@s¥dgeaeseaPy e of the falewad eafata"fon (28) and equations (34) and (3530 60
F1 sin [err],,_ D1 ;
60 where the aBévezequati%h (40) is substituted by the follow ng equation

8 GB2059 - 30 S _
8 [ewr] and uhe-.'g%éiti on theoremis applied, then the fol | awi(48y equati g is
derived. [err] #h& e the above equation (42) is deforned then the

af orenent i oned, equati.on %21%-is_obtained. Wiere the 10 above equation (41)
is subs?i"ﬁi’fe?i'"ﬂ%eﬂ?f@mbﬁ 40 fglevinsppustiop BRPEREY: af or esai d . equat i on (22)
resyfts. ' 10¢;|11 ,O-I:%'lﬁz?-i%y, the previously described equations (2), (3)‘0
(5, (8, (9, (11), (12), (15, (16), (17), (18), (19, (20),(23) and
(24), Tteesfdle tepeiolshpdestribed @gatwniraniss: (25) and (26). Theaf oresai-d equati ons
(1), (4), (13) and (14) result fromthe equations (21), (22). \Were the
angle y has &13#haf® value, then the coil element is cylindric8 Iy forned of
an d®gi nal wi ndi ng whosebent segments extend al ong the periphery of an4®

i magin ' ; .angl ey indicates 180[err], then
t he co%rw%@#eﬁ?%é%%#&&ﬁ%?&%@ﬁbﬂ&ﬁ%’é&ghgl'e 8 has a 15 small val ue,
then the ori gk w nding takes a cylindrical shape. \Were th@yangle 8
shoves 180, thef"tthe original winding is ring-shaped. As a exanpl e, 50

ey o

description is given of the nethod of fabricating the first coil elenent 16
of Fi ﬁfx(@ tQF 25\% tﬁ%:leen the respective adjacent equal division points 24, 26 is expressed as £ = nD/2n
g s séen from Figure 10 the following equation results: -
__{w2nD S -
56 tan¢=(—%—) | | 55

Therefore, the preyfously mentioned éd'uation is obtained: :
60 ¢=tan~"(w2n-DL) - | ' e 3 60

Thus, the aforesai_d equation is established:

2n/xltang _ 2nL

d= - = - : o c v (4)
65 _ sind nc0f¢. : : 65




cylindrical w nding of’ F‘i'gure 1. 20 Assumingy =0 and 8 =0 in the

equations (25) and (26), then the follow ng equations result. 20 [err]q 30—
dl is expressed by either of the follow ng equations: ' _
30 DL dl = . or sin 42 D2 35" dl =[err]

... (43) - 35 Sincey =0 in the equation (22), the fgl)e44d3% 9
equaf i en—i-s—obtained—40 [err]

40 Ther ef Qfe&ipﬁcpﬁs rm/vegwegwﬁll\%fege%&ct{i hgﬁrgs ‘ﬁ%" ?7t olf Qn%threrer%gkgds of fa4b§cating a coil element
[err] . 18from the flat ring-shaped winding 6 of Figure 2 by causing the bent said original winding 6 to exten ng;
45 Der i b pbiighaiy leh iABLHERy IRl Blbckirdh Wheve he BoilbloeRIB edor HGUIEY Hellling the Jar 50

Si n[ er r ] ring-shaped original winding 6, then it generally meets the practical purpose to make said coil element 18 by
50 Si nce berdingdiid it rieeshapdsiariging wirtding 6rloageoior foer keadicgliped38egual  di vi sion ¢
R e e e e
follow n . el ) ) 1
. as s in.Figure 4, then the m aciuri e O/ Ti t Ii .

equat | OnaFéerQﬁé @Hcfi%ﬁ?s? @I}a&ﬁ:s &%E;d tmhﬁttzte%ﬁgfﬁm%ng&g%}o lginfa wi??dﬂzisqsm%qj' 65
[err] 4¢ inFigures 14 and 16. The radius r is defined by the following equation: :
65 bescrl ptionjisnow given with reference to Figures 14 to 17 -of anot héef
‘met hod of fabrireg==a7sd coil el ement 18from theflat ring-shapedaam nding 6
of Fi gure_l_ez3 ‘E)_%/{nctausir} t he bent gqa(lgg‘ (fjll:bt: gi nal _%v]\éege%_ngcg%%geggi;‘:n‘g‘hgl ong tlge

eri phery, ‘8% 9'gpeter, TR T e gy Jeteppiagdiranh r ment
P = R S e S S
generally meat s t e ‘practica ,purpgse o make sal 98 % ement 18 by .5
bendi ng said flgatri ng-shaped original winding 6 along two or_ figgyr bending
| ines 38, 40. . 5 Where the coil element 6 is fabricated froma fl at
ri ng- stsapdte mﬁogiﬂ{hﬁihewqwdbmgtidsy%mwbﬁ?bﬁmd is&at asgedndiomdtigursi 1A showdngttiee flak t ggd

al ong t hBneyepssiosgipal winding 6pept aip benging firs 38, 4P anglalse from higwe A%ipdieatingthe

5 oo or G e ST e e

MBNUF ACt ifahdiht SRbdn Wik safd oRGTAl e PR TP g hareg e APANAGIE9 M er ence
Ci rcl ey,660 Meﬁdihﬁlaf&@iﬁﬁviﬁdiﬁ@éﬂédtéhﬁ@ fduPbnBing Rilgtky, thek e bltéHdiahleRBg Rt #BESH o5
ori gi nal etemerdiigigddinedbyshecuowir equatibn:gur es 14 and 16. The radius r is
“defined by the foll 2' equat i-on: o 10 [err] The diameter
gl of the oute®? ﬁé'{q(lpﬂ'griy 62 of the flat winding 6 is detern-nd#}fromthe

r adi us??r of the 15 above-nentioned reference circle 60. Wiere the flat "
ri ng- sTrapRghqbdod istétbr pRdvBdvittrefBrehcd tOAEliresA O 7L AMR: the rreln Bl 60 ik DieSiricatind O;
then 1 hemeufadgateau1amaparterg,hrsﬂhswésgumﬂfr%ﬁ-shmq tﬁ%r[awmgg @ga@m@mﬂ’siﬁ, s, =L
.« .. (4583, Bare selldrahe meeipiay ofbyid lefrenbirEle 60H Aitidoshid pbbipheBasto bguaRs§radhtd. shed i s
that as Bendingfines 38, P9 gye prescliledshinhiresgectively fabstbroddh the afgessidaljyistbn pointy83) &5 at an

w ndi ra§ %9 inep By, ew?@rwﬁmeﬁgqqaﬁmsﬂ%,mﬂgmﬁeﬁ 6§lcannedting spidivigionpoints 63, 35

i ndi cat i FR° A&t Byierfer e ¥ 8B coi | el'ement 18 fabricated fromsaid fl at
ring-shaped orpai’8), W4egjng 6, the vertical |engths (Figure 15),defined by
every two adjacenBnsegnents of said ring-shaped original winding 6 do not

¢ hangeggaThedehdingdivies B8\ @ivids teElat@Fihigal Walding/é el ¢3Ual Gegnfents 84) 66 or88, 70, Whie.e the 4,
fl at ori giTheflat sitigratianed otginatwinding 6 ia bem glodgibe bebdinglineg3g, 4rigfualsa mardnerthstile out er
di anmet er FegpPECye seaments 9f said bomy winding§ gre dirgrtqdsloyawqrehengl upyyard piterdately abang thy

equat | Onghalg ﬁ\fn? aginary cylindrical block form, thereby providing a coil element 18 whose deployment

. Figure 15 or 17. . _ S _ ;
30 Thi eﬁyﬁ;pb Qﬂt fllo# t‘léfggﬁoipd’ &\égﬁi 'W, _ Qinﬁ' fdﬁfn%{ép& otf-f?\e ﬁétgHE gr\%péltporiaﬂg v('\l}n7ding'a‘f ‘t15er
the r el esieikslated foGhPof@e aforesSil gﬁlaﬁélﬁ, né Edhsequently may be optionally selected as a rule.
However, said inner diameter g2 should be made equal to or larger than the diameter 2r of the reference .
circle 60, that is, should have a relationship 2y < g2 relative to said diameter 2r. The reason for this is that in
case of g2 < 2r, the bending lines would have to be set again on the outer periphery of the flat ring-shaped
50 original winding 6. o ) 50
Brief description is given of the above-mentioned equation @ = 180/2n. Referring to Figure 16, where the
flat ring-shaped original winding 6 is bent along four bending lines, a distance ¢ between the intersection
points 76 and 78 which the bending lines 38 and 40 respectively define with the outer periphery 62 of the flat
ring-shaped original winding 6 is expressed as follows.
55 ' : : 55
€=V72Z.gl2 . :

Where the original winding 6 is fabricated into the coil element 18, as shown in Figure 17, then the
aforesaid intersection points 76,80 lie on the same periphery of an imaginary cylindrical block form. As seen
60 from the illustrated steps of manufacturing the coil element 18, a distance m (Figure 17) between said 60
junctions 76, 80 is 2r. The three equidistantly arranged division points 76, 78, 80 coliectively define an
isosceles triangle, whose two facing sides have a length ¢ alike, and whose base side m has a length 2r.
Therefore, the height L of the imaginary cylindrical block form is expressed as



~the dianmeter gl of the outer periphery 62 of the flat «ri ng shaped ori gi nal
‘whding 6 is defined, division points 63,65 are set on t he periphery of
g’o reference circle 60 to divide said periphery into equal segnents.
‘{ ding lines 38,40 are prescribed which respectively pass through the
idr gsai dghi\gkssioss POIi Nts 63,65 at an-35 angle [err] defined by the ,
undernenti oned equation (47) to a straight line 68 connecting said divisi W
poi nts 63, 35 65 to the center 34 of said reference |ine 60 [err] 40 The
bendi ng |ine 3?—#619-51_ S@—t—he flat original winding 6 into equal segments
64, 66 or 68, 3‘0 5 7( 4J The flat ring-shaped original winding 6 is bent
al ong trhgerbR A Blbwing W3GatdnSrediits: N such a mannerthat the respective segnents
of sagd bent mwmg-G are directed downward and upward alternately al ogg
t he peri phery-=oV¥=anri magi nary cylindri cal block form thereby providing a
coil elenent 18 ose deploynment chart is given in Figure 15 or 17. 45 As
appar ent froryl_; he1fq!|2e90| ng descri-ption, the inner dianeter g2 of the
flat-ring shaped ori‘ginal ‘winding 45 6 is unrelated to. any. of the
afore‘gal d equald @RS+ gnd consequently may be optionally sel eclsgd as a rﬂl e.
However, said inner diameter: g2 should be nmade equal to or larger than the
d| arreter 2r of the reference circle 60, that is, should have a relationship

[er rT]'e ‘giye? @ﬁf'?g:# W@etab’r%sa'ﬂau'mravﬁgeaﬂomwe'l?t}rﬁe %ﬁ;sme.w-dpﬁthsguﬁmwv in
case15) ‘%!. ®on theé

in T

BN BTG T T L
50 Bri % %FJn'oHn Qllﬂdfhgghyl,ﬂgse% thé RASulBRQY; 1&5%'?. one equa
180/ 2n. Aaeés%ﬁusddragov‘eghﬁhaw&f&&.n h@arl gi6duté aa.tenewnagmﬁ,hameldmeﬁﬂeﬁib.e@iy wi ndi ng
6 i Sa2d)@nd at waost. Fuetbir abmpdlemgrohithseﬁanuactdnmseapsmeeesbamvaems bifiise drigtnelr sect ixgn
poi nt s Wmimmf rmlamarmgeda@abwmmgetkpmteee effectiveipproduspd Ghereforierandisftiine Wit h

the o 2’“ bling theeoit glementsie °‘!¥H‘8 “Yﬂ"?' iHRPchRasRimegved 'Ps
R EEore e e T ’

expr e Sé/gr&?u asé:gen possible in the past.
S5 [ gf iclaiiger e the origi nal V\nndlngGlsfabrlcated|ntothe coil el emgpt
-18, as shown in Figure 17, then the aforesaid intersection points 76,80 |ie

on the Sankmedbd qulnenyfa@tinngnn eloaip naorygoibefdment tongadsingll ock form As seen 60
f rom t he'v'mqlnam'rea@wll\saremshceuvtmnuﬁra@tgmaivn inghavipgiirst apdl saqenditopi@ite facedi st ance

Ia? é{lsémﬂ. aRdysheses; e'a an igtyg "U'ﬁ division g°"7tBe‘B'6"W sgacpdl aroqrighevyipding to divide
caqui 8 Steatds e ey rxﬂ‘ a%%‘i ) ifor {BrtlafRafil) b thﬁ%’fﬁ%fﬁ% e an*
| sosce |r<§a°tlv$ {o r@sB ite p Iﬂgs e§ie tsnl%“ the nﬁa and
whose basedisg theorgindB&inding iﬂiﬂl@ftﬂ’é betiding liA&Y’ aﬂfi SUcR thai théwin@hgdtopis gﬂi‘era’imﬂmhlgﬁg I nary

cyl i ndronfigiraiiinedierefranasegrseraspesestpedionssf said fird and saBRAOHARES alrnately in a
10 [ &a 5% q"mqun‘rd@ommhestﬁ@#elrm the maleﬂem'sﬁlq"@mjl ts: [err] The val ues 35
defined ® ? rdiagtoglaim, huhess) %th F’"‘é‘é'i"!ﬁé'sf‘ﬂ’é pur pose,
rm? has
en%

provi de(fl tﬁ gr ' I°%la|:3{1 3&5 e E ﬂ?‘ﬁ' though t hey nay
not exa Cg:l m§tﬁ d at %dl ﬁ)aFnP rEc%ﬁ.HQEI 0y pn nOt ed that
the gy @Gﬁelrﬂ@l:ynmmhlfs bléﬂaﬂﬁna%tneﬂ%yxﬂaﬁagﬂﬁ%ﬁ‘f y accorrpanl ed Wt h errorgg
failing & oA method dveordibgtoany@iaiof dawvesl BqMEmmmrhshefdmbul élenssht dogiplised a fl@nd t hat

t he nagﬁl’-!*\ad@smmﬁnm'éHege'renmbgnw@lwsw"! Fregiprdedi n'dtwlcmemﬁcme%rl gi nal

1mcd| shap

wi ndi %r:% 6‘ %’cﬁf""{r E:‘al"éb U%E%ﬂfhe(fﬁg'e "g%%@?“gﬁ%é% ;?gﬂgﬁ%‘ﬁﬂomeg ‘t he
met h A rigi r
effi gﬁd 3 %i” o sma 0ok ereﬁlﬁr@@mc%e ehhasrﬁra i .{prﬁax Aoy % E utPng

st eps, oﬁﬁlﬁhlﬂvﬁﬂﬂ@ﬁﬁd p46s thidlighSthédivididthois; the B@meterdbf Wi nﬂﬂlczﬂf)l@glﬁaﬁﬂﬁ i
ar r angeuahstaetiiip Hefined byging bi the folltavig)equaiose ef f ecti vel y produced. Ther ef ore,

an electric notor constructed by assenbling the coil elenents enbodying

t hi s5¢ nventi onpi s much nore inproved in various properties than has beéf
possi bl e’ i fi= “fshe past. 25 CLAIMS.

25 1. A nmethod of nanufacturlng an electric.notor coil elenent conpr|3|ng,
wi ndin§"a wire coaxially and helicallyto forman original mnndlng havi ng
firsgs and second opposite faces; setting a nunber 2n (where n is an 56

i nt eger) of-di20k sj on points equaIIy spaced around the mnndlng to divide 30
t he wi ndi ng Wﬁ9%¢an even number of segnents;, .

30

and the bendmg angle ¢ is substantlally determlned by the followmg equatlon o :
60 : . S - ; | _ n - . 60

=tan-1 %
¢ =tan (2n LL)’

65 8 A niethpd -apcording to claim 1, wherein the coil element is formed of a flat ring-shaped original 65 |

¥

!



defining bending Iines which pass threugh—t—hc,Lduu_srg_n_ml nts respectively

an t prescribed angles relative to r redet erm ned reference
| ¥n@gs| extendi ng through the division p ijﬂm”ﬁ t he ori gi nal

i/ng al ong the bending lines and su g adopt s generally

ul ap corggggggéd gn wherein the segnents present portlons of said fi rst,
and;\’ga_l_d_g_eaon faces alternately in a 35 sequence and on a comon sur f ad® C
region of the finished coil el errent . 35 2. A nethod
accordi ng to c| aipEi ey e original w ndi ng has a cylindrical shape.
3. A net hod acléordl ng( t/o claim 1 wherein the original windi ng has a flat
ri ng shagnerefofle, thd fomRivingdquticirebulg to cl ai m 1 wherein the original w nding
has a sruncated c a';rc-a-l shape. 5. A nethod according to any preceding cl agm
wherein the co $u'|;face region conprises a 40 generally cylindrical

surface of an imaginary cylindrical block form 40 6.
A net hod accorﬂ_zn%i any one of clains 1 to 4 wherein the finished coil
el emenp conprises fFat star-shaped w nding said segnments bei ng di sposed )

in a region degurqﬁ"men two concentric circles. 7. A nmethodagccordi nd®
to claim1, wherein the coil elenent is fabricated froma cylindrical
origi naI wi ndi ng having a dianeter d, the surface regi on on which the
segnent s'@ a'%eardef"e Prﬁer?fpteaaldm us gquatipnseneh wshwmm;;rowmhwsu ntislly

per i pﬂérm\i&% igate i“pg o hew ?sYéPt bR R‘“ﬁ r?g ’eap??élo?s? aL°'!§riEi':'!2 anet ens
D, abo uétlb&so%f Atﬂﬁﬂw E ;ﬁg s&h 2 s np%S
whi ch arasad sigdof bdﬂorf@ﬁl’aﬂh 8ihg ¥Mdlt e@&uﬁarﬁ oil® ntCy I nari Ca al
wi ndi ng amxtepmibed dbove) thg netHaa ofthi¥ insér@ibn @ ipFidGce ah BRctl rdtBHcEl erdné?ni efﬁaéndy
cyl i ndo iaodtlqy ¢agt. Furthervsaopanapt fram the benefadtirin btgpscithe rasgedtiieyurasd df iheorigihal t he 5
fol | OWI i regtﬂ ly aygnged, enabling magretic energy to be effectively produced. Therefore, an electric
50 d = %ﬁm Cté o sembling the coil elements embodying this invention is much more improved in
s §§‘ .

55 2nL [err err ?epﬁossﬁle"ﬂﬁhﬁﬁasﬁngl e [err] is

subst Qgrtouums/det erm ned byt hef ol | owi ng equati on: 60 )

60 [err] 65 8. A nethod according to claim1, wherein the coil elenent Py
formed of?. aAfﬂeEttodpfm@umpmn@repgpmatorcoﬁJElement.lcﬁmpns'@ 2 059 300 B

10 [err] WRdires ‘ﬁ'rf%ma’f'&g ap@helienliy tedoraxanatiging windiag heving first @nd second opposite faces;

10 [er ﬁg]th:tﬁgd'ﬁ TS <0 'ﬁger :p%:t?ﬁﬁ °ﬁq“6§“€§3f"6?eﬁﬂﬁ'r'¥ﬂfﬁ%‘aéﬂ$ﬂétthﬂ‘§ ngéq divideer ve

t he pa PORfinindbdhtiing & s gg'l Th'e% Viskon points ARE RN and D lestri ecli r]nd cated, 30
thouph i mer it e ne&?etfé:% cyn.re I ﬂﬁ&%};&% ﬁg.s%ﬂ%arms GRs- 1T will be
1 5 not edbehdiiag the bregifal @idtting albng MebEhAGH Web&ﬁlﬁétﬂﬁ&ttﬁ%dﬁ@@%ﬁddeﬁerﬁ%ﬁﬁm@m ed
Wi t h er rconfigurafieri whergin thesdgatents hesenbportionaeistid Grscahdegd st oraiaedetefnedelyjn a

sati s$g &ggue G"‘l' commn ?tea@esftbﬁf"@uedvoéﬁlpmm vary with the shape angs
si ze of m°ﬁ f'caé:iﬂaPe el enent. As

. heo a |
descri be g IE] n.electric notor
coil el er@”hnﬁfhﬁ:ﬂﬁdc@ﬂ“gk’oa?%: .g; i:&wgﬁgﬁ eEE %’&@ mé‘a ShaFfE 4 romthe
manufaptgamaramgcsahamrsuﬁktﬁof&nsmsgiﬁalrw@hﬁdﬁt%dmsro&fforhhe ori gl naI 20 w ndi ng ar g,
r egul ar | \6- af mathge eccording itd any gnei gaietsil to Awtereyythé finidhed @fl blemtnituahptispy adticed.
Ther ef oF@rs Hedfp‘.y %‘&‘9?8&5’ sﬂiﬂl‘%r\:‘s l@lﬁ'ﬁ?t@%@! 'eiG "W"dsfmﬁbt?tw anmtric cigdlesirent s
CO, rl a
ﬁggogélegm ng h .M.?f;. gam ;i'd tha;ﬁi%aygﬁ eﬁjd % f Tl;ae%?gr’r:%nts sat: cy;lmdn :r’muragrmwﬁéné han
nr rical Dtoc
Abaﬁﬂiﬁgmdeﬁfeflﬁmglgéﬁﬁ EHe'Pé?er@ﬁbeﬁ é%Q\IhrcL Gre 9A1§ rf%":ra%a Ig aéh?i?ﬂ:éer ﬁ&ﬁchlgl ﬁb

W| ndl Ng odgind! windthgand @ds$ trcapidthB aivisioa pdiits ttmed‘aarremraafse'ab\gana@ardmbmsilm.d”gaéll ng
first aﬁ@bsyetm'mdefmp@b\sqlmerMthe@qurseectuamsa nunber 2n (where n is an

I nt egseor) of division points equally spaced around the w nding to divide

sw Wy

D ' 50
4= ¢
or
55
- 2nL : . 55
Tcos o

and the bending angle ¢ is substantially determined by the following equation:
60 ' , 60

=tan-! 2 .2
¢=tan™" 0 LD)

65 8 Amethod according to claim 1, wherein the coil element is formed of a flat ring-shaped original 65



30 the wi nding i.nt.o an even nunmber—of—segments;

30 defining bending’lines which pa r Mtl sion points "‘:
respectively and at prescribed a.ngﬂmﬂ emwl 1‘ u plespecti ve predeterm neg
Ll .

reference |ines extending through t i Vs Bn points, and bendi ng the.
origi.nal winding along the bending |lines and such that the w ndi ng adopt
geke-/gﬁl y annul ar configuration wherein the segnents presen?B Qﬁatsﬁ?)ﬁs of L
said first and said second faces alternately in a 35 sequence and on a
conmon sWinflipgkaving gi enterdiameteeRT, tha segimsdts otyid fletiriastraped original winding extending

35 2. A Yenanpedereniaiprimagipan pylindrica blppfchiewnga digreeterDl agd haight L thrRendingiines a
cyl i ndr AT e el e e A gy na

wi ndi ng Mﬁe v it ofrﬂl,er}g"o%}}ﬁgguaﬁ ns: method accordr ng to 2ias BePsRREE n the

original wndi'ng has a truncated conical shape. 5. A nethod according to
any preceding clai n}tgg\_her ein the common surface region conprises a 40
géneral |y cyRii f face of an imaginary cylindrical block form

4p 6. A nethod Zeindydising to any one of claims 1 to 4 wherein the finished
coi | eWesrent conprises a flat star-shaped w nding said segnents being 10

di sposed in a region defined between two concentric circles. 7. A method
according to claiml1l, wherein the coil elenent is fabricated froma

~cylindrical %ﬁ—rsﬁlﬁﬁ‘hdi ng having a dianeter d, the surface region on
whi ch fshe se rreﬁgﬂ(s—no@sgai d cylindrical original winding 45 extends 15
conpri si ‘Fnj"!el%é"‘ﬁ'aﬂ'ﬁ"p'_lﬁQﬁs)ﬁu'éﬁaﬂﬁﬂ'vﬂ#a’@iﬁﬁﬂlbythe llowing ¢avatforp| ock havi ng a hei ght
L and di amet.er D; the 45 bending lines define angle [err] with the

reference | inLeEn ® CR are set in parallel with the axis of said cylindrical
origingl winding a#dlpass through the division points; the diameter d of
said cylindrical original winding is substantially defined by either of %ohe
f ol | owi ng9.e duradthagiascordis to claim 1, wherein the coil element is prepared from a truncated conical original

50 d= si Windipg whjch has a larger diameter d1 and whose apical point has an optionally selected angle 3, the bent

55 2L A "L%{é@!“’f‘?ﬂf’%%ﬂ%’éﬁﬁ%@lﬁ%ﬁf&f&?ﬁﬁ%ﬁiﬁ.@?ﬁi‘}.ﬁé&#ﬁ’iﬁ?@%&%& ned, by
the &)ﬁn ﬁtﬂ & ! division points to the imaginary apical point of said truncated conical originpal .
60 [ er r | winding; tie larfer ARMRRFA 1A neﬁeotce%iei a&gﬁnfiiwanmﬁbegaib&aﬁt fly defihed by IHRENt i S

formed oéftwfrdipvingleq@tisdsaped ori gi nal _
GB2059300 B ' 11 wi nding having an outer diameter Rl, the segnents of
sai d fdoat ring-shaped original w nding extending al ong the periphery of 2
I magi nary ch1i_ndri cabsiblseck having a dianmeter D and height L; the bending

| i nes defi ne arenaingfuen)sarid/3)} .winiph t he reference |ines connecting the equal
division points to the center of said flat ring-shaped original w nding;

the oujsesr di aneter of said flat ring-shaped original wnding is - 35
substantially 5 defined by either of the foll owi ng equations:

5 10 or [err] _ .-

10 [err] 15(}l Lsin{d/28i n [err]

15 and4t he berlld'lsng(nmglirﬂb/ex}co]stbi s substantially determined by the foll ow ng
equati Bn: 2n L 20 - : : R :
20 9. A nethod according to claim 1, wherein the coil elenent is - .prepared
frorri aandtherhendirmhngle hissubstantisllydetedimingd byithe followingénubties: a | ar ger di aneter d1
and whose apical point has an optionally selected angle 8, the bent
sggmemss- of gglag_,tx u__q)cat ed conical original w nding extending along the 45

ri phery of" an ir‘rir'gl.nary 25 cylindrical block having a di ameter D and

hgi ght L; the bending lines define an.angle [err] with the reference 25
- | ¥nes conme cAinfeghot! Bezording &d claith V,ivihie@ tibinélémdnbdis tabdcateddrgmaaylinddgal aziginalpoi nt  of
sai d tgouwivdingthving a dismkted in gflatatar form which is disposed in a region defined between an outer 50

reference circle having a diameter K1 and an inner reference circle which is set concentric with said outer
reference circle and has a diameter K2; the bending lines alternately define angles ¢4, ¢, with the reference
lines which are set in paraliel with the axis of said cylindrical original winding and pass through the equal
division points; the diameter d of said cylindrical original winding is substantially defined by either of the

g5 following equations: : - 55
_ nK1sin (n/n)
T nsin2 .
60 _ . . _ . 60
or
d= nK2 sin (w/n)

65 T msingl ' ' ' ' ' 65



wi nding: the larger diameter dl of sard “conical original, winding

éé@i{ aggl glrl y defi ned by ei t her ef "[’i””’ﬁl”ﬁ?ﬁﬂ;ﬁl,ifuatl ons: 30

[err]
40 apgl th%B%gglgdagB angle is substantially dat et nined by the following .,
equaf ion: [err] A nmethod according to (‘| al m 1, wherein the coil el errerqy

fabrj cat | indrical ding h di aneter d
N R W e RN AN

reference circle having a dianeter Kl and-an |nner reference circle which:
is set concentrig with uter reference circle and has a dianeter K2;
t he bgndi ng#wne‘iﬁﬁﬂ%@ﬁ% define angl es [err] with the reference Ilrg
whi.ch are set in‘paralle h the axis of said cylindrical original

wi ndi ng and pass_ through the equal division points; the diameter d of said
cylindri cab:eM—g-r—nal wi nding is substantially defi ned by either of the 55
foll %vl ng equati ons: : _ _ _ ¥
55 [err] 60 10 '
60 or [emr ]Ameth&&ocordm@clﬂm{)ﬁﬁh&QchBcorl elementlsfabrlcatedfromaflatrmg-shaped orlgmal

12 and mmgﬂlewub utendjaregterRa irrd flatstar famipdiich istdispdsed bethpded mbuterdefrgnde biecle

foll OWIhﬂ‘g“ qtqg gan ae nn rrg_fgrenceclrclewhlch |ssetconoentr|cwrth said outer reference circle and

10 118 P a, .v.s. FFidhasie Pgr j%dif"m giReidy % With merer%*rcgérremonver-gdh;

from.a .ng e ;rmarb BTG et etsalfe Y
flat- star orm |ch |s |spose betvvee an outer ence cirele having a

di anet er - K1 aeri an jnner reference circle which |s set concentric with said
~out epo r ef eREﬁee—ﬁrﬂ%\—e and 15-has a dianeter K2; the bending |ines 20
alternately deflng angles [err] with the. reference l'ines connecting the

15 equal division points to the center of -said flat ring-shaped ori gi nal

wi ndi ngr the-outer dianeter RL of said flat ring-shaped ori gi nal winding is
substantial |y defined by either of the follow ng equations: [err] ‘or 2%

25 [err] WB aRrgcdsiigenpendi ng angles [err] are substantially deternined

the follo hg esluigf | ONns: . 30 [err] 40

40 12. A nethod according to'claim1, wherein the coil el errent is

fabri cat(etg frogma truncated conjcal original w nding which has a |arger

di anet &P fbegﬂ'dgW?&?@"F’hﬂﬁ?%ﬁ??'a%e@&?'“fﬂﬁ"ﬁ'ﬂefEi‘lé‘f"'f’HéS"aH?Psopt| onal Iy sel @8t ed
angle [err], in a flat star formwhich is disposed in a region defined :
bet ween an out er tanda(rd cincle having a dianmeter Kl and an inner st andar d
-circle whi q:h=t'aﬁ-‘ie ZC with said outer reference circle and 45 has

a did@eter K2; t n&?sa\ nes alternately define angl es [err]along tske
peri phery of said truncated 45 conical "original winding wth the

ref erence Jpjﬂe,sr-’rt;@onnecti ng the equal division points to the inaginary

api cal point of said truncated conical original w nding; the |arger

diangg er dl of said truncated conical original winding is substantially,

defi ned 1y Aehétii’tﬂrac@f'dlﬁd'teclilﬁﬂ1lmréigth€6ﬂrlafehﬁﬁl$sfat59ated from a truncated conibat Si N

[ err ] oHgipal fvgplqn which has a larger diameter d1 and whose imaginary apical point defines an optionally

50 2si ﬁe ng aﬁl}gl% ﬂ‘l @[s@qrfqrmmh’ch §|dﬁstF@qn|a]qgg>)1 defified between an outer standard circle

4

55 d 2 h is set concentric with said outer reference circle and
t}ej, has a dlameter ntf Ag lines aIternatelglgy nz angles ¢4, ¢ along the periphery of said truncated 45
conical original wmdmg with the reference lines connecting the equal division points to the imaginary apical : :
point of said truncated conical original winding; the larger diameter d1 of said truncated comcal original
winding is substantrally defmed by either ofthe followmg equations:
50 K sm(n:/n).sm(&/Z) : o _ . . _ o 50

(_" = 2sin ¢z . sin {(n/2n) sin (3/2)} .

_ K2 sin (st/n) . sin (8/2) .
2sin ¢ .sin {(=/2n) sin (8/2)}

60 and the bending angles ¢4, ¢, are substantially determined by the following equations - 60 .

4| - sintan)
1 = tan [K1/K2 —cos L)
. 65 65 -



2sin [err] . sin {([e'rr]/2n) sin ([err]/2)} 60 ahd t he bending angles [err] _

are substantially determined by the follow ng equations - 60 [ ey D
13 : ' 3
GB2 059300 B 135 s ASHIRIRNRAGL, <o ciaima wherein nd 3L/
cqil, ggement is fabricated froma cylindrfcaf otiginal 5 vggsdssgodgvi ngizd

di pter d__the bhent segnents of said cylindrical original w nding

Ll

extending along the periphery of an i-magi nary truncated conical bl ockform
having an ageeah+gngle y, larger diameter DI and smaller diameter D2; the
bending lines alternately define angles [err] with the reference |lines
which are set in parallel with the axis of said cylindrical original

w ndi ng atdd pasthod ircadightoichin &ahereindhecoibel@menpisfahticted from a tPindicalveipieal d of g
sai-d cylwindind l@aihg_@dihggetnai,thwhmmg;emsofﬂiésstlim'richla'tiui al wind[ng exgerigingalopgitbe  of t he
ﬁm | owi ri a gmarvg[g}'l_t;f\?ji mg_Qlockform having an apicalangley, Iargerdla.mete_rD.1 and

1% [ err i-gv:i%‘e tameter D2; the bendirg lines alternately define angles ¢4, ¢ with the reference lines which are set

30 and NSRS T S S P BT
followmng equations: [err] 30 : : :

30 14. A metho r.di_n claim1, wherein the coil elenent is _
fabricated fd ,9 [ﬁ% ?Mg'_s'irg ?#—)shaped ori gi nal wi ndi ng havi ng an outer
dianeter Rl, the bent seghents of said flat ring-shaped original w nding

extenddng al ong the periphery of inmaginary truncated conical block form1s
havi ng an api cal ) rger diameter D1 35 and smal |l er dianeter D2

t he bendi ng-tﬁg ngﬂ%ﬁ_s}f\( :{,, y define angles [err] wth the reference |ines
35 connecting the equal division points to the center of said flat-

ri ng- ggaped original wnding; the outer dianmeter RL of said flat 20

ri ng- shaogndthedendifigmadless. holireaybstantigiisietermingddiyithe fellowingeabiatignsei t her of t he
follow ng equations: [err] or 45 _ _

45 [err] 50 : : ' _ : -
50 and,.t he hendi kgl anglsid 55@{#2] v/gl e |substantially deternined by the

foll o%sng e%ﬁa?%ngng?"??e'rwr {#/a)- #ip (Y@}.] A met hod according to claimi1, whergin
the coil elenent iS fabricated from™a truncated conical original vinding

whi ch has asze_lr‘bggﬂsﬂi@net er dl and whose i magi nary api cal point defines an
optional ly sel ect & ahgle, the bent segnents of said truncated conical

ori gi ™l wi nding extending along the periphery 65 of an inaginary t runcated
coni cal bh@ckna‘e%arhéaafwngg,&ﬂna,mhg@inmgﬁ Qerlent is AbAGTed HbA TRbGhg-Hapad Wighar! | er
65 14winding KaWing a&uter dldfhefdr R1, the bent segments of said flat ring-shaped original winding extending

14 di anedieyg thederihery dbipnadinarg trincaed canichidionleforh yavitke b apial anglgl, ¢Bger dinmdtenit h t he
r ef er escandisinpllesdiameserd2; thebending lies piternafelvslafing anglemn ot with the reference lines gi nal 35

wi ndi ng; OPpRSt ggi{Pgé!Pa' jvigiog peipts tpthegenter f?'qfrﬁ’mﬁg%?ew% indipg:ithgioytel Wi ndi ng

i s subst ‘Tﬁfl? g fietringrshapetirioinavinting s TR AE Yaeiooheteliewps 1 or 10

10 [err}
15 40 . R1=- D1 .1 sin{lwn)sin(y2)} o . L 40
: " 2sin ¢, sin {y/2) sin (x/2n)
or . ) : ' . : .
45 : o | : o _ 45
¥ _ ' R1 D1 ___ 1 sin{lz/n) sin (y/2)} .
_ 2sin¢y sin (y/2) sin (n/2n)
_ . S _ - 50
and the bending angles ‘Ph ¢, are substantially determined by the following equations:
. o sinfeun).sint2 ] - '
. 55 1 = tan [01/02 = cos {(wn) . sin 72} 66
P2=® +-Esin (%)
60 : 60

15. A method according to claim 1, wherein the coil element is fabricated from a truncated conical
original winding which has a larger diameteér d1 and whose imaginary apical point defines an optionally
selected angle, the bent segments of said truncated conical original winding extending along the periphery
65 of an imaginary truncated conical block form having an gpical angle y, larger diameter D1 and smaller 65



and the bendi ng angles [err] armb‘stanh—a-l—l—y—eleterm ned by -the fol | ow ng

ons: [err] 25 - :
) A method according to cl aﬂumg i!l,w‘gtﬂj"t ni shed coil elenent is
ing

of two of said segnents ext*n peri phery of an

i mgiary &y4és9d6d gal bl ock formhaving a height Land dianeter D, and 14\ /-
wher eLn The fwo_segnents nre fab“ cat ed by the steps—of - 30 closely V' ;

an out ecyfs 4 FoHehned cod ma|wm gstpﬁgr'g ﬁé@ﬂﬁﬂe&doﬁ set .
concent gk fpstdhtia ler bitkTolRAAY aa{,.\sgl nal w nding and has a radius r;
setting two sald d|V|S|on poi nts on the periphery of said reference C|rcle

wi ndi nga_ er eWlnr% es L ales Yefere havi ng-
idneidr YL 5’ o vde“”‘1 g‘%t' dm ARGl e.}.'iu?%‘iﬁﬁéy

to di g de said pgripheghysdynt Qid m,gg%} parts; 35 = providing bending lises

whi ch .pass °t1hﬁmq;lr-|Ta 0 al—gfmwmm nts at a prescribed angle [err]

to reference 35 Tines connecting the equal division points to.the center
of an imaginary circle; and bendi'ng t het woequal segnments of said flat
ring- 1scherped original winding-in such a mannerthatsaid first and second 10
- faces'are presented alternately. 17. A method according to claim 16,
wherein the1rad|s I _okintd r edrgitomgiely@}rcle is substantially set at 0.78
40 D; the bencﬁTngmangl ein@r | sirsl(Poisimé@}t o be substantially 90[err]; and
the outer diameter g[err] of the flat ring-shaped 40 original winding is

de ®ubst lindrical bl odk
Form . 18R HeagsRAtoRRbota e mimegR PR AR "Coi el cmont

~_is formed of four segnents extending along the periphery of an inmaginary

cylindrical block formt f'OP }Se ments bej ng fabrkcated by the steps of:
45 g oselgqemmd[ o3 r" ‘:',n jto provi de ‘a flat-ring-shaped originab-
wi ndi ng havi ng an ouPer cﬁ AMET & err]; 45 specifying a reference circle
which is set concentric with said flat ring-shaped original w nding and has
a radius r; se tlalgg‘(_%our di vi sion points on the periphery of said reference
‘circlg. to d?’w de rsai & periphery into four equal parts; 50  providing 5
‘bendi-ng |ines which pass through sai d equal - di vi si on p0|nts at a prescrlbed
angl e [ ené.] Amethodbesoriingdo claih () wheieinghedinishrdeei] gipmantis forpesaf twe nts to
t he cenmrer\sh'ensfemﬂemofep Imagipary gyiad aLhipck e heﬂ"patrr'g@é;aaﬂrd'%ﬁ nt"¢ of

sai d {14t Hes .re%pn%.de ‘ﬂgﬁgﬁ 08 Wil \Gin R g ol D8 SiehBeriE
manne? ”ﬁ@% &Féi e &ltﬁéaﬁ‘dfm%esﬂé indPiindh§and hadla
sequencead,u met o accordl ng to claiml8wherein the radi us rof the

referenc eetﬁmdtwb gaid divisiai poitits dh.tHefpeBbhetye sdidtrefoenchi chige tadiyide said meripflery istoddmsen t o
- be 45; amdigahe outer dianeter g of sa| d flat ri ng shaped origi nal w ndi ng

is 355 prgyisingfendingpesiyhisbpassthrenoh a' visipn painfa %Ef‘felﬁ"lc"ng 3an

el ectri E" Rl eIl hFe aase menr;g‘f,STgs‘%Tﬂ sfhéreg% '&aia{ﬁ%ﬁ %t @%3h%rn?an9§r§fé5éapg wWth

rrc notor col enent

ref eren g "?Eé‘

manuf act yg e% hd?i abB@ldido 8&4MmAk d\ih@ﬁl nltife rddiys riof tBERfEHNER cirbidlis Bubsfaftially sbfat 048
el ect g4 ©; IWObénding Bvdle ee& @ifRdiito Basbitantibliyabd; yndaise doer dieméerfod pBhélies cugrébertbdvm tho -
r ef er enodgitadwinhieg is GRdasbsanpiaivean tq:thtehmahgsof a'Fimamv@vJCW'mﬂcﬂéPcWa ntast

St at i onar'y. @ matieas acqepdingrtegelm "‘Fhﬂeh‘ttheﬁ G@g?%}% arraeg of fou J ey,
1083. PguPdngaleneihe téiehes pianfmagineyeginiss seemet“a RN,

WC2A 1A ’clofg Wﬂé ang@e%We‘%é prgﬁék J)ff‘at %tsﬂédeﬁ grlgmal winding havmg an outer dlameter gl; 45
specrfylng areference clrcle which is set concentric with said flat rlng-shaped original wmdmg and-hasa
radiusr;
setting four division points on the periphery of said reference clrcle to divide said peripheryinto four equal
arts; : _
” 50 P providing bending lines which pass through said equal division pomts ata prescrlbed angle 6 to reference 50
" lines connecting the equal division points to the center of the reference circle; and
bending the four equal segments of said flat ring-shaped original winding about the bendlng Ilnes in such
a manner that said first and second faces are presented alternately in sequence.
19. A method accordmg to claim 18 wherein the radius r of the reference circle’is set at 0 78 D; the :
55 bending angle 8 is chosen to be 45°; and the outer drameter g1 of said flat rmg-shaped original winding i is 55
.. chosen to be substantially /2(L2 + ?) .
20. . A method of manufacturing an electric motor coil element, substantlally as hereinbefore descri bed
with reference to the accompanying drawings.
21." An glectric motor coil element manufactured by a method accordlng to any precedlng claim.
60 22. An electric motor coil element su bstantlally as hereinbefore described with reference tothe 60
accompanymg drawmgs :
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