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a co- axi al dg‘q.tu IS | ra e |ng an externzﬁ r ot or

constructi 0“3}1&6 7s &91 tt?e m &%&B%émot%&&ﬁéreﬁc@%e%%u&a Fatib SHadhStictkirBRL OF
or an al t gRdadnghh ay\&o RdRABsS REAN b EnoSdPhd k] nﬁ’ﬂgtfréaél%é#é&auraﬁ]ﬂh %Qﬁgwnor
not cur;sergs sbrivi-cReiar ﬁﬁﬁsﬁtﬂe IBE@ITotbrl FESBvides Qmeiah@re‘ﬁ}n%a@{ foMth&filikngs, or whet her
current i s StHaRhdx@hmtinginTRix fied (fPdpphdkimets RSerti-BircOREafhE B higRer BAIb hurers ardRh @ -
Pr ef er abl yiglhro @ #pptoRifnas k28 Rebrodt ah Gnilitddy Rrge WhdiudO MheC@bxiridne ®vgth Jilx WhY ¢)NcanSoe
conveni entdxpredssd dshe form of -a cup having an end face 12, which is attached
to a central shaft 13. This shaft is preferably rmounted within 20 bearings
14+ 15 @ounted within a stator 16. Conveni ently, the shaft has a tapped end
17 for connection to other machi nery?2t Pfeflé#/&bP‘yl the inner face 20 of the
sleeve 11 is provided with a pl urmiusty ef asrms by side bar nagnets 27,
aligned with their axes parallel to the axis of the rotor. It will be
appreciated that there will be an even nunber of such closely spaced
nagnet s% s’g'svﬁ%&mg?ea Haﬂl;?ef%f; rf;('?‘di? L%%emlwﬁ?%dggggp? @Pégm%{'l“{"e‘PH%l't%E’ as
one tr ets
(Phi s ai f ng% iiH ad'ng';efj? F(?F A §°"u@*§? e e e % Mg?& bap
wi del y / Sp col ma n f'ggug th sam t eﬁgqg ?re erre:? th %rfﬁ'%' an?e%t réaglgnr:t]é%po S are
stator éborcﬁcl 3) o b iha otic
.and 20 suc ;rstheqjaﬁrQQQMded E&’ rrf ofs larlh):lg ep naqgco Id be used.
i Il ustrationg, or%%pr@t‘éﬂ%ﬁ%odﬁ eib rﬁ%ﬂﬁ?ﬁ toRteCB I which NRFHs RBEIHCAdEa B 30
desi gn cridwfidnb 2B i8R ofSot Wnikk is sAEWNY AlordePlol defect ﬂﬂaVé%knhcﬂuth lh'etn}é ﬁé?éj The S5H48 BotLal
For nedi urg.adhesds B&BhEHRS dbict! Be POsitdR |0 ProRlisiond 128 TR thednd Wob lof 3 SRRATERMRRL
magnet i & [sdt@siors 26 Yra@ bé) gsetided Wit mBGHetic §oB BELpartiilardold@y.or of the type
il lustrated iR prdtéied @fat thélrofon Bndlstator Big spaced Spalt by B aldtingy k)€ cyNRd¥ioa laB g&y ZBLLh thet he
not or Ci r Cordet ef @28aen tol hEmm ahd pRatdiablg Di76mm ffor ey Z0efidleCmatbrfatterhdior @0 thes dxamnglé. (This| )
to nmagnet dnitieskinessind pdlesaalintelzect aieosagnetic dex mihaisishdwn if figgterda. We aif bap i§ perablyr
flux lines are shown 35 as sem -circular WhI|St the netal rotor R provides
a nmetallic return path for the flux 5

S,




maxi_mum | ength flux lines (f) approxi mate to sem-circular paths for
her dole nunbers, and thus fi ure Séﬁ‘gBrOXI mates to a rotor of an :
d

r nfl nitely | arge radi us. The rrax B flux line (f) can be express

40 (err) (err) 45 This relati onshr p applies to strontr umferrite
rragnets, e u [ eodym um.iron, and
al so f OI,Iess q};aﬁ tﬁeadé rh nPﬂP n¥a ne%s Sr{&t .&BTI& %P'BOG Sﬁ{:?uac g?egon 8 Fv(v) I,ore I enqgrnaeenngt s
Pref er ab, to ﬁa{s aW%% FEen@Jag: Jy%ﬁ&@'s b5l ? & Bem &r’r\&ébﬁ. 1Sl HIoC
nmagnet 1p|u?dil %ﬁnoap&ésg uter! yRRBLA s | A Bebtehd Qﬂ. @ndel 9Vl rénibtbdaher

gnet i Qiabesss ¥ OhSbeProred ntdVia ABficigHuy rig@RykddAR) subradOsidnbn€a Wololype machine

ent ivRhat a BRBELA0E disthld ilisel THS nSRBR of WéllRd bbled Brre¥pEldas iR Guhba lof hdARanent
adJ acentma?%mwﬁsrdé&w%r ThPAbUAE pAELarS PolatiGdPSHRNIWAE BbNRdy drdfoRhed\n@f cidseS hOT t
magnet i Qo the Wridedlohthb GLYYRRE (ke omiBhtion® GWEid Soldd AR .areRidRh@ Wit Yots tidi@ed @t O
sl eeve afed 1aminktibf The adpth of AieMastind polst @@edr cldbd 1 AheOsuriate REthe B0 Wl @bgend Opdnd be
used. o Thre sdeadf te sldboriadd pndied raibg Y e MoE tie the teRandplanaiavad, ithegdepihadoald b, of wai ch
may al s@rdstgspomtto 3¢nah tapd prefetablg abousdbches 23 (only one of which is shown)
i n order tlowitlb¢ gaeralyienyeaignt td wevidefthet woendvpolpseb wave Mirglings ot th@durigoe pidlad stator
swi t chedacPg theoreueanerd miagyeticl @oles: fFort dxempje §guré dishayfs tier wave windingss W26W8.W8 kechend
face of proMiging p elusality of Wruethpdiss 20t o2 11ud)1n 31 1AGanee2d1Bhe2148 oo the suréade off & Substiaignet i ¢
pol estsoffor & thsesr Rheea dtaler winging ps ¥spd in| the atogiternaterof iguras 4 /19 e will be Siscugprdl beloyt or
are spac@diroqphase winging is erpigrqd,fal (ost RPRJEatiers pyh GIPrCRlases aveg g 9%s 39 RaREUIT der
of 0. ZSﬁHR"F%‘WP A 4RY bﬁr%‘P‘esF%B? 9“30 a“?E?Hn?"F%PF“"’Etﬁb i e stice 456t Yr IPWI PPRHSt or

of thi s"@'ﬂ‘&f*ﬁﬂltye Th| s enabl es th es to i ntersect the magnetc

f1 ux d dn a-|4 éety ?ff ﬂ 38 i c:smoreefé%e@% 8
9&0/ e s ovr gflu g% varn % nhée sburfa %%‘ g or are

to al l O\R}‘ 8 f ne S nt%?]% rtal'l al l’l UX ecti ada er¥ Ig%% ets a% ﬂi ’?x n?shas
an annul eif' B '%ers é%g rgb E QW Ia O Tc petdeaRl i ty
mat er | alc:rﬂ-n ge Qi]tHJ 1¥usq leQ«H i ré':lssm réa‘ﬁf St)éinbrp rt&v& @Eund
surfage po B, S f b, £5ho ok PRk Mg los s@ﬁa%e oﬂh@ sQ{oPQrQI relMtiv@F L gh&rP maghelid iz Can

be formggid Piteed asjddeht sanﬁm.lnymargh&.b Gofe loh r&riworaauméurr{ee@& WteNarliufon the

pr ot ot Y R@toP&mfdining hdiwollaHolest fan has not distorted in use. The number of
wound pol esis pRAES BRNHe hvdrabd) Rndih BINRS mafneRENUNTRA HepidBORa ichePallsbi-dirtisd He t he
rotor. TFiyereWws @atromQloRs X8k Yoy fisioV @b Yraeha 16w wihen hé @t gdphRiwead Satbradnd®sdoron or
cl osept @& d.ismnBand ftRcRpth bf thdWousd Padsriibtdut( . ITKeaveRHy REGnbIX TRk patl léhgih parves

whi ch ardiadatiUgeenanisdt hagnaik @bles fwillr seeshottér tBdnetbe alepatie rfiak paih d9ngth e cdeyahtionaf t he
wound pejresromios owtoc ase the ath Nength Us fictereninedl ptilhaisbhathe sizevatd gedepinof thiwestae! 10

t he si zdéampfatidnh euretrglingthearpdnd'migsi red rating of the notor. In the exanple
shown, fFlgeredb shdwsisidiator lyeltagef fot diterent chdar poditionsrier eng ph@&menly ahthe thresf phmsetsitajor about
3mm 3t wigdings 4f thegrotnrpligimiatpr of Ggyesriadnto- t o provi de t he wound pol es as wave

wi ndings on that surface of the stator facing the permanent magnetic pol es.

For exatEhECTRONIC COMPONENT RARTS LIST Figulg $8iBth§S Wi, W2, WB each providing a
plurality of wound poles 201 - 211, 201A - 211A and 2018 - 2118 on the
stwf ace of "8 °§‘Ei’£¥s"t'arg§f'b°fl “feérsaa ﬁFé%s’L?H35°§ P B 2R ﬁ'?ﬁﬁ %‘%?T e t
not or all I WBr’" 'f"ef PXegow how E RO FFur TZQFS é°dt Tq g ‘e

phase wi il bl § é.na os.Pit A ure%é

. Or nen
their uggéwm f éué':{ %({tﬁggrawr
encapsul atsebd host' e d res n of ovvgmagne?l c perrreabl I|ty The vvound
pol es“nqueb,gcopJugtwsded |n a variety of fornms and nay provide for one or nore
phases. AS20 tte substrate is of |ow nmagnetic perneability there is
consequently no iron (at Ieast in the outer portlon of the substrate) to
provi de a magnet flu oull | —the—stator—The—v $ on the surface of

the stator are so po 90 intle ‘t?t%e flux lines
connedti ng adj acent é 8t s as e4 fP fentiall y forma
series of |oops from (o] | energlode & as |o s around the inner
circunference of the rzre%o Trye§m|q§°g§ own in fijgh hich illustrates
the relative position twe-aeu pot-es—sayi—=201iand—202 of wave w ndi ng

on the surface of the stator and the reI atively short magnetic flux paths
bet wesé n LER]-4E@hikighh emitting dinde. Pramraseen bigh 6ffigencyn t he rot or which intersect an
outer annulus on the stator containing the wound poles. It is preferred
that the average length of the magnetic flux path depicted as a series of
sem -circles in



___""g'pr.e Bg (eg frompoint "X to point "Y') is of the order of 16mm when the
1 r gap between stator and rotor 3Gd @36 dfp®q and the depth of the wound

jol es i's about 3mm The average magnetic flux path length between adjacent
er manent magnetic poles wll be shorter than the average flux path I ength
i'n a conventi onal synchrcnﬂlils.rrqm T e | Bee rlodv g[lp I s determ ned
primarily by the size and {gq If:nj.jgo Egjg t,pns surrounding the

wound pol es Figure 3b shq 7tlia 6st tng;‘ms\((gl gg"f )rsdl fyghent rotor
positions for one phase q\r,:f:yﬂo ,25 erLiVi&s B 548d0f $R. W ndi ngs of the
mog or / alst er nat or of fi gur to—&—b—HE-FEFRENFEEaVPENENTPARTS LI ST -

Figure 5a, 5b, Sc The circuit diagramof Figures 5a, 5b, 5c is shown on
three separate sheets f incircles, eg
a-k show how the conpon ) ®FABe8s coMponent s both of
Figure 5b and Figure 5c i i i
laid oul® to the left of
5¢c shoul d be placed in
three drawi ngs 5a-5c h
D12 D ode

, | @ndoashe d
Ig2osi ti on bdluesvAchat of Fi ibeedy 5Sa
€3t he f ol | pWiuad)Excheipo@rent $
48 f Qpad Op - @vip D13

awi ng of Figure
nd 5b. These
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W% D pde BYV42

50 ROV 30A 50 : Driver D17 - D19 NES§§ ode | N4148
75v  0.2A ZD1 K€ Di ode | PWM 5/ G494 1wz Zener
Di ode 150 /€7 1w 55 L HMe | ED3 Li ght T&8§%t i ngl di ode, 3mm
green high efficiency 6 EP O 368 930 B1 Trl - Tr4 Transi st or
BC640 100v 1A Tr5 + Tr6 Tr ansi st or BC639 100v 1A Tr7 -

Tr.26' 2012 0sgasitods BUZ1 1 50v 30A Tr27 + Tr28 Transi st or BC639
1 B0V 1 A 5 OPTOL-OPT8 Slotted Optical Switch OPB 865 T51 OPTO4

Opt oi sol at or 4AN25 10 . | C1 Hex
nverter CD4069 1C21 o1 + 2 | 04 v CD4081 1 C3
Quad Exclusive O CD4070| |64 0.01 m,cro_ﬁq Zﬁg - anp LMB24

| C5 25 Driver C4 10 NEBRE. 16v PWM

TL494 | C7 Timer| cs-cs  |-0.01 m,crong,Q‘@USwZO 2. Capacitors (err)
Cl. + C2 . 0.1 m cro-farpheg-cpv]| 63 micro-farad 4. §bl m cro-farad 50v
25 ct6 C4 | 68 | micro-fd@d | sovnj cro-farad  16v C5 -
C8 . 0.01 nmicro-farad 5D¢1€9ct9 CbS | mitrolfarad [nbowr p-farad  50v C16
6.8 Wicro-farad 50v Cl7}€2® 0] 10 | micarfared gral | 50v C20 10
m crc-farad 16v C21 - C23 | cet14ca3 | witcr pmicarfaedd | §Ov| 35 40 45

35

50

55



50°.55 7 EP 0 368 930 Bl 3. Resistors Rl 220 ohms R2 - R4 @
1 kohms R5- R7 10 390 ohns RO :
220 ohms R10- R15 10 con B B 3% b0 1 th
560. o;hrr,s R17 220  kohns R18 330 kohns R19 '
10 Kahassided - R22 1 kohns R23 - R38 10 kohns R39
120 kohim8 R40 + R41 10 kohns R42 + R43 330 ohns R44
100 kohns R45 100 kohns R46 - R50 56 ohms R51 - R53
10 kohns R54 3. R1 komTs X " 1 kohnms 25
R36 +sR57 10  kohms RS8 | oo o, ?%2 roohms R59 10  kohns
R6Y 300 m'cro-ohrhsFéﬁﬂ7 10 ko 10 ohns 30
R62 560 ohnms R63 R8 hm h R64 2.2
M ohns R65 390 ofng 35 4. T} ! s CarIer 4P
T U5 core, W ndi ng 1 R% ri60 |t n:kwn{gdl ng 3 -4 40 turns
W ndi g 5-6 10 turns 45q Inchgegr hma- UP5 core, 4 turns  3mm
air-gap 50 55 8 EP 0O 368 9;3{} Bl 220 | kohms
: R18 330 kohms
R19 10 kohms
5 R20 - R22 1 kohms
R23 - R38 10 kohms
R39 120 | kohms
R40 + R41 10 kohms
R42 + R43 330 ohms
. a0 R44 100 kohms
et R45 100 | kohms
R46 - R50 56 ohms
R51-R53 | 10 kohms
'R54° 33 | kohms
25 R55 1. kohms
RS6 + R57 | 10 kohms
R58 1.2 kohms
R59 10 kohms
R60 300 | micro-ohms
0 R61 100 | kohms
R62 560 | ohms
R63 10 kohms
R64 22 M-ohms
R65 390 | ohms
35
4. Transformer
“ T } Utscore, | Winding | 1-2 | 60tumns
' Winding | 3-4 | 40 tumns
Winding | 5-6 | 10turns
45
5. Inductor
50 L | U25core, | 4tums | 3mm | air-gap
55
8



F.9wi tches SW. "on" switch SPST S\ "Power"” switch

Hhrent ar’y on OPERATION: 12 VOLT DC geig-88d%39 81 Cl RCU T DI AGRAM - Fi gures bHa,
-5p, 5c¢* 10 The operation of a three phase notor as shown in figure l1la/lb

.l now, be described with reference to Figures 5a, 5b, 5c and 6. The bl ock
dl agr am of 6f3«itgres 6 shows the rel ationship of the following sub- systens
relative.to the notor: 100 - the rotor position sensing nmeans (provided by

the slotted optical switches). 15 110 - pulse width nodul ati on neans for

starting and speed control .| 348 | pewer| kkirRsSl 8b9r s and |resi stive braking
ans 130 - general control | gaangs “doner - @m{cafrma,aﬁtgrj,ag control - |ow

votit age shut-down 20 - g tenperature-stiot=dowr— not or turni ng

i ndi cation. The rotor position is sensed by the slotted optical swtches

OPTOL- OPT | to three 120
degree Séovegﬁgpp‘?ngﬂi%%Ebﬂ{bglc?:gﬁtep}gfﬂ'xﬁgupomg" ?’%ir?gﬁ%tors The power
transi St Or S THe &5 Jnﬁn «“Eﬂreéﬁhéé‘ﬁro ¥ &5, shdwifth Gg @ TRCHR fout @e@& &unU&fSreLJy&e
hase wi ndhﬂ gs 84 loc® ra r &Q’g@%'@gho rela fﬁe ¥\ﬁ sub-
ransi st or gyelofs' ,aﬁaée,tm tg, e y the control Togic, current o
tihrough wi ndroagm\éﬂfo:mogrbnmnswegfel bibicdl b MG sBudciBicaPbunesythi ch i f free to
nove, tuygns ﬂaopeématﬁhemrat.aeeé@eerstm.rtgea'ndts&ear:&&rar has turned through 120
gl ectrical degreesr rhisRidfiahd REifivé Bakidg MdaRs SWi t ched of f and transistors
(ferr) are swisbchamdrabeontrdNirsads tfrhe rotor has turned a further 120 el ectri cal
degr ees transi-sbosisstdigrcpntar € 30 switched off and transistors Tr7-11 are
W tched on. Af tognvoltagestiupon has turned a further 120 el ectrical degrees
ransi seors Tr7high teaperatgraistigddenh of f and transi stors (err) are switched on
g N conpl et i-ngothemng gidsatiodt starting the input current iSonly linmted
y the resi stTanedorgiositidneis sensediby tsesicitad optichlewiicties QRFOLQEKOENT this|infergetion is
roduced, epsvarige by dedig infosthree 429 demrgeynon-pyrslappingrsidngly te gentrelnthe eewsr [yensistochudbel -
0 an accem‘"&bl@sisﬁveﬁfﬂﬁ By2-ismegi Hil Fe coinented iasaen ditheothrep ebasp ivindiess RN .
err)is?a Peiprbihgicadré MORGI at i on_devi ce which can govern the rpm and

rexi mum i n %zgw'@[) r“r"’e ﬁ?‘”ef e b 6! W?'YF tbhéhgﬁ?"%'%' W“dt‘h‘"ﬂ\‘ figwss erque*s

e

(N

et TS T Q)

hoke DC i F‘r‘?zlt <IPEY {0pleplrisal degrags At

. atgyl Wi 0|'S
e A frrrs SE

—

hed o ?transr ors Tr7-11 are swr rical

ul se-wi dt e%s ‘R’ r%}é* err? Y Eg%téhé én'aq ansrs ors Tr17- wt e am Ie m c}he
chieved b Lectification o

sensing of ¢ I8 puLHirrk AR dnRirlied b tRNGsiRd orind Qirddk Qéld tﬁer is no back

pul se-wi dt EMﬁ%/olt%H r5ddbdd, SUthd rofol 8 bsBtion P 10E sy dukr@ cérﬁbesr@tﬂr% Xa& SichéAbvel
PPt i cal oSV GERS puldoidal moddRdORhMYus P RS i 4 bulse MIdBCbdLabn BREE SRich can

DI Ot I US| ONgoved 1 pinhiAd makifim ubercrx}enaedhe( Rétbr)by Vanh 4R plRE wiRME he&.eh Qfbké DBO
hat only DQ@oriértte foftgedly irdludtorTEBand) RGnsisttid RS - 19( dbOWiNng in it. Also a tinme

Hel ay in sw Malbor @iputy eér liditaliorRE hohidwdd byh Bditsifigl the abtEgE DA GbrbRIr6sidtdd 66, Avhith 1GaNd
Provi dessnseddiatiC4aamand ORTEadnd limite the palseailito W @olideenient indiigng i n t he previ ous
hbtor wkndi Ndylotod rpre Gaeenirigois zehiayed) b cacdfichtive af ahet AQVIvDItkge) gerldeegedCin Iwireiinfy W3 and ng
n it. (ersepsipg SichoBagelhe IG50 IC4/nadPIQréfo provide Hpulsewdsty of isiiteblb detk eycleWhi | e
fhe not or i s Rotar pesftien ispvensad ebyreiritted priigl rswitahesn IPT0H - DATER which deteet iPhit dlediirabind
of f s equengqgsse| pyotuFRNE 26 o ie Faint!Eoand dF2 Arevide HpR-pverap lagicotorthay ody\preinding @ ife?’rl!fg -
OPTCB. Thehatdpnt fowngde it Aloradineflelgy it chrapresistars Rile Rthand A qad caggpitors C§; C7
Swi t ch S ff8eeridss F"‘Uﬁ&% rde%‘f‘i‘ter o) alloyy c‘t"ﬁ%‘ f'Bﬁ‘é? in; thg on e‘2°“s IS0 ieipe foyreduse f°age

causes | CA7%¢P %mr Ejﬂ ; :Pw;ﬁgti ng nrg}g 'B% 1 er ature on
th t Ort onl m WI
e L @ s es;qﬁh s ?"ﬁé"d?ﬁf % grwrrca Ho o

voI age genera I'n vm n ng

TO3, hemoor
transi sgors,1 Ewﬂc rée‘“ con ) 9p¥ BEE ppI ies a short-circuit

bet ween"al | 4 5 @m% tlenr ng in 1 - 2 seconds,
providing a :#ﬁ{ Fafh rrqﬁ?ra&bnran ngg e;ag P hransi rs%ghsééjﬁ%ﬁs‘%é:ﬁ Lt PilCe

| C7 and sw tghy orprovr de a three secon | ng period du

switch SWL mygien B3 e ifu@sl bPica idrdV8nt 2 GheBOWEY trahSiststh, Hhtthe three motor windings. This
s5 applies a short-circuit between all three windings, which stops the motor turning in 1 - 2 seconds, providing

! a useful braking action for the motor.

i - As an added safety device IC7 and switch SW2 provide a three second enabling period during which

switch SW1 must be operated to allow the motor to start.

9




“1a/1b ufilises slotted optical switches to provide rotor position :
information to control the point Ef0S688¥Bhg of current into the notor :
wi ndings. Due to the 120 electrical 5 degree conduction angle technique

9 - EP O 368 930 Bl ROTOR PCSI TI ON CONTRCL The three phase notor of Fi gur{-

used for ‘this desi t here exists other alternatives for accurately
sensing E ﬂ_ﬁgms Is due to the 240 el ectrlcal degree period in
.which the v cross the m)t r er'ld n ur e SY' the back EMF voltage

P I t smon
t, t P q
e o oG AT T, réq;g A sl % o
ere congaucti S OI' IS es re exist: I anern ves CC \'
hel e peﬁ%‘i,ﬁ .opc%n@ f& rge %@mh vo.ﬁg Jokd f’.ge?if’ 't he
l
uﬁnfia

p0| nt at “ter el
wi ndi ng hevwaoaomf G 8 gict E g nxéﬁconédcﬁr% %@5%‘
pol e 201p§.o@ it i anQo WBaued B hdasthte gfal follSuiddRI the poitk af cﬁ un’&ér'n[ Sl sl

start 44 Oj, JaPWode PURHF dP WrBing W dd Qlop WowiRl R Gvolia G 2tﬁ QP winkiRgW30 alsd wiitdnd
pol e 201p8f 20vef wingind\ivs cmn&camaé bt at Whichl durrérd Snota WRA tPRIWAS wBiind BB 284 gt Ngs
SO that widisieWeraad stopiibwing il whlndGale 20N6k vartirg W ernip @pglibs Btall Ml wolind piiids@R the
shoul d stvingihgst @ thhtGv gemora vactingowV\Bartindicatd M poinD¥ wiiEhi dirrdvt BEGURDsN@ to fldW & can
be used iadinga@vsuanat opSticefhgear winding W ahik rcad b® Wsebbfos wéctiraldi stgppérhaotol ddhiedt et

W ndi ngs swiwhify e titd@ent mindisgetn palidaparenantl movdmetther net hod of determ ni ng
rotor posi tAnctherfarethwod toh detéymimiag EdvdF position Hemrtiad loack EMA G thg Snokas witdingseia Dy Isgnstng e

Cr 0ssi ngthp gioating meintst ¢f dhet three goltagsl \taetqgm/ameﬁmgrﬂals &frgmatien fegdeteinise whendp switchon

t o det er fanfandileththe appsepriste windis;y" and "of f" t he appropriate w ndi ng

Magnet i c sdfpgentic sensel syeh piatiall Effeftedavicefesn esusedi Miace 08 dhg mcqblshtt,@ wfitchen e
ORLi c&? sirefiathein duly eeviergmenty wherg problpms with flly eqglesing hemieterGlent s where -

probl ems wiAfSR Provifgd withitq electrellr qepign #p g follewingsfealureg: so provi ded with the

el ect r oni d'de¥ FFQSrSEUttdﬂ‘ié” RSP 'eldéﬁ‘t"dP é%"'d ai f“'LQYW %f‘i’%’g@ o prtteyolfR, i f
battery po‘?é?,gw Eh'éfﬁest‘fff ?/'B?tﬂr HEF i e bg glow #0-5 yllS-pat t ery, the

el ect roni ¢ ﬁ'@gd%'f“f %@'"W&r PRTF F@ﬁ'ﬁms °f’e' ‘ﬁ tt'et APSyovE 4de” ot Bps
bel ow?10. Y e:l‘m{ttza }o'{he t-down. .if the wi ndings, or power

transi st or(g) 6’\78'} hea hent(t"ﬁje ag‘r rt'"tg(?Hrl’éé'ts switches off the 25 not or

current. r idietdeNg tOo limt torque and starting current. EXAVPLE
2 - FlAJ Pgﬁ Fﬁ};ﬂg%zg]&ébThls arrangement is simlar to that.of exanple 1
except, t hatTh@ arhrigSinént GY Eltnﬂéi”té G@J of dxBIRpITR ARGt BG 4 Sindld QAR B hddRet Jask de
of the cpividdaRand ihdleddt the 43bd Blor BY. SllilbtSrSiond B2k LorbVided IaRbEch @b Qigachet he-
edge of hbBeotérQb RentinPihb @ssmohf ¥ thdGorR@ShtlrhdRstic Pbled brand A MaAB 1o ARBAET bticd)O! €S
of the r bigh SEPGOR intiguré 115 ITRS $tast (WPHoGR)|cars by the Baries #ROMMgir8 16.1 gure | b. The
stator (not shown) can be the sane as that of figure '1lb. 35 EXAMPLE 3 -

FI GURES ExAMPLE!3 -HGURESa&mpenent has a single cylindrical ring nmagnet 41 on
an internal rotor 40, i.e. the pernmanent nagnetic poles are on the outer
face of th@&hisaetrageni@it hamal single cgindrica uring ecigiey 41 loe anvintanth! pedr @8, i42the petriagent Nner
cyl i.ndr i madneffcopniss @fe erhie sutart faee of e Flae40veehate sutosaded Dy dheewqund yoleiet? anthe

| owé magnioner eylindreak incet of tapstatey 43oFhei wryngpales 49f are tevidadaanos lowTipgnetio isekrstrite 44
mount & BrMiRgheart of A% sierc Fhej retonis pveied prhshal 4B WhiGR isgrounted in bpadngg 46) 47 eend g,
49. End gtta%@ 493 Epgplatg A8 hasaa intesal siqtiad pryicel Syjich 58 Mhichfetects taposikienceh Pgkesians s

t he posi % B"1998PHPS 9% 0ons 51 on the edge of the rotor. ADVANTAGES OF THE

Fﬁf?ﬁf@ﬂ%ﬁ?&?@tﬁ%ﬁ%ﬁ%ﬁ%@ é*'%@ﬁmb@"é&ecﬁi ?eﬂ? "and hysteresis

fricti Onal lAgstﬁe areTrch rh) X\’%ons secrI ngtttIer C% %lrrént'orndl rP elleglg di ng
of the m%@n% Ioies %QEF%%EBE{ cue?t ﬁpa ?th ?n %h g ator,
there is do st Luse G ¢! @tatGPEh &9&"& Wt&&e% nﬁgﬂi‘e”t
nmagnet ma éo@ﬁt’éd wi bémhn%ni ARGt ndhinds iy .@ﬁﬁpo Fnea aQ‘OthérQ pb& {c’lk!;ﬁe IsS

S50 s@Nnd ks thibht dPbe LiciRhtitd Aol HaimakbiineAb by machine to start. 3. Very

low sel f iNgugliensdr induclah® ¢ it fdtor WirdRbd 8 tdu@e laRe talt Qg e&w&naauémﬂ@a\aaet ween
al ternat e gyRgBRks PRIt bEUEErORN V6ltagu it P helde@hidat. 1T @6 anoab Lég Simiple doltial hel d
const ant . plhvassisikssia tidlhd®napphédtivh. sSi npl e control by transistors in the nmotor
appl i cat i onvers high@ower id Gdighp e Wheh @omediraitb eduiiaiedt indoétion oomsadng duriverseiq biugrial ent
i nductd on maddr @andsgidEs @ dbfinite weigts adving lEswislhe is no iron in the stator). .
5. Electronic control allows a reduction of starting current to any desired level; existing electric motors
generally draw five to ten times their normal rated current during starting.
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S . mot or and gives a definite weight saving (as there is noiron in the
sfator)." 5. Electronic control allowgpg3sgdegkiion of starting current to
any desired level; existing electric notors generally draw five to ten
tifmes their normal rated current during starting. 10 EP 0 368 930 B1

Df FFERENT PHMWSERENTPHARESabove exanpl es a three phase notor/alternator is
déscri bed but other phase w ndings may be used, and in particular 1,2 and 4
phase conf i gurlatiecabeveygxainplesoatiiee rileseondtdyiattkrnaor B MSLriBedP bt StheCihadohiAdings may be
I\/DTO?S/ AL TERSGTIRE particgpried and diphase cerdigurations will nevebedasoibed.ar e t he nost sinpl e

flgurailon of stator for this machine and can find uses where sinplicity

of tonst r ucSINFHE SHARE COrAXIAL MOTORSALTERNATORSH wer . The three phase equi val ent
10 produces tW ce t he out put power for the sanme resistive |osses, and 50
per cent add| gyiala P thegnostpimplp Gepfigurstion of siggr dor lisBachioe anthdan|
mptors are thg1 %st:'Nhffe %'C'E'o‘hf’?’ljh‘fcél?’t Ufipeisns absofutsroutpyf Pawgi Thentren pligse eqyiyplent
requi r ed somepr o:' vﬁl d n'SI §t°5ﬂpt't "(¥i%A yar '?sdft%el e ab‘hﬁ%%e’ ot Additionah capptr 4 &9
apd therefore2 ' reatlh mQ i ans to ensure .
starting. In @ g ﬁ ng&%\; S erre (i TS;ZQ“"G"
cpupl ed fans Wi st In ar artr rque requ nts e
Q0 AXI AL ,MOTQRS ﬁ"y‘? a"t"o q "ieh it Hehe
fovi des a 40% 1 ncrease I n output povver or t same 20 resi stive | osses

[ a si ngl eTwbatasETOANIAL MBTORSMLTERRRFORE - AXi al Mtors. Due to .two phase
peration there are no starting problenms, but if the machine is to be

ect roni cal | i Ta® Phdse ICb-aklal fAfreetdls. Cthik Riabhifelisrévitisl a 40RNAYeabd R ButBlt ipbiwdr &7 6% same
oul d be 28 ow redistilBOsseegraamgle Phase Miachina) ection is used. The two phase mot or
ouf d be el eca TeniPbase| Go-AxanMotols] B th wdpieidé doritioe tbR0arsl 66 EB@NGCHEBIGRY but if the
nj ecti on j ugbachioy issd ber ¢lectropicathdconeulieitont 8 ditstOcuilea sepdy Bén diRRBcy dolild BOWRl180
unni ng 25  degee cartenioniectifiHREBedP RS vo@BasdXthddr dvlld ORSledtohicRNAIBREd 1o prdvideaRe
hase Co- axi alB0 Aegres puiteol igiectipimiiust fenstaiting amt educde® @0 degregse@dessifor @D elinning
ower foPs t heoreatier- 30 resistive losses as a single or doubl e phase
chine. If_the three phase machi ne uses the sane anount of copper as a two

hase nachi HEREEFHASE COAIMOMOTORIMLTEBNATORSHt h machi nes occupy the full

60(err) avall bl e then the three hase machi ne can produce a further 7%
2

ut put powe t'?lsrféacf"ﬂ? PfoMidessafnipcreass insquipybpowepigs e sgmee

7% i ncr éase Rraye '?ﬁ’?%s ?‘% gal? %A epﬁﬁt aﬁ oe 'ff’: tsp E@SPH‘%‘@" @ges A s&'l"ef amOUg:

ht og ; Due tga"gﬂff q@e . °ﬁ, 5 8;: ch H%F &l‘”é‘ 'ﬁ 8'} |9“E’Htlr ﬁgg?’gg;éc{ﬂéﬁgse
' ma ’é.e, Stiv 4 o | c t?. e)

urrent SUpplz)ITfﬁ ] §&E:5 l\)fxltotriI D[rgf thn%el% era ere re i gll]%

| egree spli £ ﬂ Eﬁ as d?scnbe ‘ﬁ:re rg

qver the 120t<¢ﬁé]ﬁee€50ute% tHe O'%H aggr p‘llNrﬁ'}hreg%Jsg% oratidh Jye bac vola exr

gurrent supployer oldBgrSesds Blodife SHidiAY\SurfoRt! .rgg&.swraﬁ & dﬁ% {é% ts ‘@Oh.

gosi tion, e. Giows@r adcufaleUBMAN of Mt rBtEr podifion, E
ORS/ ALTERNATORS 1. Co-axial Mtors. Slightly higher efficiency possi bI e

b€’ t 0 pasSGHEATER THAN PHREE PHASE!CO-AKIAC MOYORS/AQTERNATDRS f OUr phase notor has
p055|ble applications, due to sinplicity of electronically controlled

rever si ng of 1rGdadal Mptoreclligitiy higherlefficisdcy Ipbssibid due teppssible Srfallendorrént mfobtioal adgRl THaal -
switches to d$anghase metorhappessible epplicaiéns, dueo siBpliciy ofalectidnically ReritoNed rovBiSing of rotor
addi ti onal bét’\@f“?"t@“'@ﬁﬁ@ﬂly tequiringtwe blptted tobticalwijthes tossefhiseaotampositioand | ower

ripple vél t ageC ri o iditieriab beyefite othart then a slightly higher efitierdcy add tower ripple
provi de a di Veliege '&t!ir P'é?ﬂto matoripPeing rectified T IpENige 8 direct current apver epplvhese
exanpl es the wound poles are forned on one or the other of the rotor or the
stator and Wb@%nent rragnetlc poI es are provi ded on the remaining one

Tl_‘_'OOCDOO'G

o.Q. =

of the et atormg11 t ese Hovvev |§m9055| bl e tho rovi de ot her

confi gur%t i g{" kfi' t°'ht %fr?ﬁthﬁtmt é’lfg‘%ﬁ"éﬁ‘tf"d :
magnet i ¢ pQ w e m?r r w rga??ngﬂgpf'ﬂs |
tength) an ote "ﬁéﬁ té g? s on t “?t .
a band of i OQQ c%ﬁf’ ggﬁtl ggnd t e st et

pol es Onsst hRaghdtit Bbies @ﬂge l%topa nd B?.Ed?;ﬁ% méﬁﬁ&ﬂ?:uegorptﬂe %orqg& Eﬁar?i é:md
face the b § & theverond

The absence of iron in the substrate adjacent the gap and the plurality of permanent magnetic poles
allows the flux path from pole to adjacent pole to be relatively shallow so that a composite motor or
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pol es on the rotor. The absence of iron in the substrate adJ acent the gap
and the plurality of permanent magnetic poles allows the flux path from
pol e to adj acent pole to be rel atlvesglqshallow so that a conposite notor §r

EP 0 368 930 Bl conposite gener SPAI€FROBYLt or could be built up with a
cylindrical. stator w thin an annuI ar cylindrical rotor which in turn is

Wi thinan a X @bt temgs 40., w.(heég tihdricdl *tetalvsaﬁ.ﬁlax SRR ePlinBRLTBBE Nt
magnet | ﬁ~ t,%,s in ﬁﬁ,c gta cgidddl € Ting magnet (in which case the
pol es &r'&,Cantd gy pe an n%snﬁt AbiSs BRHRSidsh b?bsﬁaunhina&emmrc@ in
Fi gur eyl 8, ardlcBnt uaﬁpzt By Qebatdidd MaQits high K&kh Rife Ansthar|ds i§ Fyuted12lok Que f or
engi Negddaftsd iBmInd Irdtiver bP b stAPEIRS alRWASHBRbiIAGLYng DldkAce? (G aAlrME dkgng@nN Sud | Y
be | esg ghh dbuid gerfang b@te\éé @lbh2sk opthetviadh TRE B8t maaRiet 8 @Ndwni i Figirg 8r Bor Sery fedge very
| ar ge matoRis whibh ¥ infabndid YRay BROIBEHS inTRidthlite JdpGvoandibe ofdhel bldet didmgap woul d be of
t he or derrhefhudBanof pét@amvaniaggnes pissrwilbee cHoseetg 13ait the produlss applitdtiohef thhwsten t 0
suit the pasatticas e reapipddi roadniuem spfed toh thenmator Betwekni 41 aphi3Q palesl @e prefeered. dopui r ed
max iréru rwsPgpdnupfoetstteingstid to Bedlivigbrspdedomath®es. pith the higher nolegmpere being syited] 0

| oner pohediumi siEed snd Rigeagmadhine® dn genetshiel eshingtbd medimem Mmatdiispred, (Shif eMolytings

hi gher pgrahieute (lprhlecas bé déterppingd frere thetfermyiddi um speed and | arger nachines. In
general, the estinmated nmaxi num notor speed (s) in revolutions per mnute
(rpm can be determned fromthe fornula (err) n where n = nunber of pole
pai r& 20 Thus for-a 4 pol e machi®n® 429%%2645] ¢ pairs) the maxi mum speed s
= 90,000 rpmbut for 30 poles ( ie 15 poke pairs) the speed drops to: s =
12,000 rpm 25 Clains 1. A brushless pernanent nagnet rotary dynano

el ectri éjernachl glor{)glel ncl udi ng: at | east one generally cylindrical stator.

(16) a I gotor (11) rotatable about an
gemacr""e ‘erbﬁpé’%api ?{Q%'f' dJI’I car surface facing (20) said
Bl

aX|
gener a {Jt)to gteclelpoll?BQntsP{he CoeBd dﬁ)PQtoSpaced apart 30 therefrom by a

gener ally, cal urality of permanent magnetic poles
(27) in the foormof bands paraIIeI to the rotational axis (13) on said
surfaceudihst he rotor and positioned adjacent said generally cylindrical gap
(28), said stator having a plurality of wound poles (25) on or in a

subst r af ea bRANes: petrhiied tofdgfet rSHEQ IaRedner dlsirit hathind €10) tnhiedingajableadt pneofensaliyd
wound pol ggindriddi )stalr er6paai dtileastoshe @anesllyi oyliridrical rasan(fiaorataile dboet agtaais 613) wid ch .

f aces sai shvingaQenadly ichimtiricahsirfae fathgpet) esid (g2)alln cindrithlostatent(163 anddspesediapriy | cal
35 30 gaperp@d) bpadgeadraly ediptricslagad (2R Dplirality of peranenigasaetis ploles (37Di8 fhefpren :
posi t i oned tmodsspasativli taltheyrojstionall 4xis| (19 @nt Said udecetdl (ymfptoagrpdspc(smg)ed Siagaresddt or .
and the peanemihervtindiea) gen 28). gaist siajor(haging aplurality efswguyd R‘E%td%’a o8 Pl A guisiae (24> ;
gener al | yolctid istetdr chagacterised i) tebihe Meaiorityf of tsid wayichpoles(2p %P%%}EFF%% v ig

are rel at $q¢é¢§£ dhrostatorswhich: fage isgf I’%’°’§€rﬁ‘até“er ‘ﬁ‘ﬁ’f“af’d gﬁ%ﬂé "ca

bet viBen c93rc@Biand ahlepshseid malg 'aé’éﬁ‘ﬁ tt&?
rel ati vel {ptagionst ?"'sn‘é r?éf’tedmf"l nd o ar@? ’B?ﬂfi‘f*tf?
sai d mj 09?“9? %‘FV“ °ﬁ "‘fe’e"c

alalg lafiv Iy $ érOUﬂ @iby -
wound p0| %eém ?:\3/ ﬂ% netc :}YZX a éj‘“efg?‘éﬁ:‘e% '%el% r\lﬁf ygfig
oles (& §Ib§t §Ifyr
etl ﬁu 'p@

subst ant i ?:ﬁ'q gé 3 ﬁ\ At & ﬂ(624)

of tfe St nti%u géﬁﬁﬁ {SBEREbdion Qﬁrtﬁ%ﬂét}atetm)%ﬂ o B8t
SUbSta“t' §A tt%nhdaﬂenc er Fy S (5 SDREVRNG Rén-coREREg. T Ot ar y dynarm
electric nacme 1 as clainmed in claiml1, charac- 45 terised in that

there g eAtB?Gs‘ﬁﬁ?snpé}m%Qt AShn6l RER/ FynENE CRENIE MaBRALAL) SBgaatd B diih &S caRid)
posi fsi onegisddis tianinkd! dre/ bédvedR | 4yanaraowidell Rpaced permafeat magretiopoldshe?) rpositned 11) .
3. A br usBlidGRiamcéveRn) eRtindOGRimbRher of tdyaanmi)el ectri ¢ machi ne (10) as
claimed in claim2, charac- terised in that there are about 20 pernmanent
magnet ix pParaBieés? gormpraai inhgparatasy éynlayo feovin dhathine 00) as claimed inugfire 2e pharacof

t he rot or tefideh) in that therbrais b@s 20 pEErmaneetn nagretim etles G7amypsiipperh Arpnly| eundjte
machsene ( tikduméesencéd ofitierdtor fit)cl ai m 2 or claim 3, char act erised in that the

substrate (24) has a relative nagnetic perneabili t}/ | ess than 20
( rel atie Attm.usaieqss) perrdhent magnet rotary dynamo electric machine (10) as claimed in claim 2 or claim 3,

characterised in that the substrate (24) has a relative magnetic permeability of less than 20 (relative to
air).

55 )
5. A brushless permanent magnet rotary dynamo electric machine (10) as claimed in claim 1, charac-

terised in that the permanent magnetic poles (27) are provided by a plurality of high strength bar
magnets, mounted adjacent one another with their principal axes parallel to the axis (13) of the sald
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5 A brushl ess permanent magnet rotary dynanp el ectp
claimed in claim1, charac- terised in that the permmﬂmnﬁﬂmﬁm)m es ¥}
(27) areée praqvided by a plurality &P olﬁsﬁr?:*gtarength bar nagnet s, sDU#A

adj acent ane another wth the| r principal axes parallel to the axis (13) of

the said 12 snte ene%togqt%m ;}E)u j Lt up wuth a tﬁ/lmdnrgi Ftatl:r w:thM 1n an{nul%$ cclgn%?l rbtgr
st

be.
generato {‘ ast 'hm LA q.,ﬁ&' " I ndrica

annul ar Cy 35 o Méikah%ew.m&m.ammb Haghe [ P cfa@é
SUALOT (Ght oo SD bS] B ﬁp%&a% &%g@&emcmmae&aecaneﬂ o3 Rt 19T P dled
by,a, sing ;?ara&édn%n{maﬁ&nec bi? 2 WhbICdhp GPSBw bd? BnghRLAS 16rnc6OBH theHESganSén). Rich
sep f at e JREWBLIS g¥AEri] bb RIS MaPBR PR IWHRK 1 3Bthd Madrielsd Powrdin Fijjured. BorJery large
separ at edn FrORWARE the MALARY m&Ybed 56 lirl wigth helgRp ab PN df @le oRRE IR I NQ

t ol erances frermuinb&! dIpbrmandatinadnetit) poleSWillnbecch@sRi to\§Ut itk @RIBEAEr Bppiigatioe of tRe Botbhan
2% of t hendvinddrtichiaOthe frdtRirstira@iumiSpesd Ofthe infdtdri BbtWeen 8.andFG0 pyley yre lpafegred, Nt Or S
i n whi®gh idwaepsaauties behy stied ibOmainhigh spéed tnfaciiifies, whphevighkedpdienuabers bheinggutker  Of
3mm  The toovadien spded ped Regaembchimeg iregdneralp thk @stinvatdd| masinumhrogterrspéad (s)Uin tevdlikiens
parti cul aer raipyé (rora) dao be détertnimed frggt the famelai n parti cul ar the requi red maxi num
speed of the notor. Between 4 and 30 poles are preferred, the 10 | ower

pol e nunbers being suited to small high speed nachines, with the higher

pol e ranbers being suited to nedi umsP888-848d | arger machines. |In general,

t he estimated maxi mum notor speed (s) in revolutions per mnute (rpm can
be determ’nedfromtheforrrula 15 .

(err) n where n = nunber of pole pairs °~ 20 Thus for a 4 pole nachine ( ie

2 pole hpre 'éf“'??é | = 90,000 rpm but for 30 poles (ie 15 pole
paﬁﬂs) F gﬁ”é p?ﬁer'Bﬁ%h'"?(‘)‘eé;gp°§ pf'?)ﬁ’ﬁ(?’a?"ﬁ'r’ﬁ" sﬁ%dcl aims 1. A Er ushl (ess P

per rranen machi ne (10) including: at |east
one gener a'rs es”%ﬁ%ﬁ’ésgﬂd at | east one generally

cylindri caI (11) rot at abI e about an axis (13) and having a generally
cyli n%r urface facing (20) said generally cylindrical stator (16) and
space apart 30 therefrom by a generally cylindrical gap (28), a

plural ity OA pREAISBMHRManER G ek fotdPP ifamb 216ktrié Mhatit® (16 idluthg: RARER oRAFAbAIFI T O
the rotati ofghdricsfisatok 48) arfdt TRt S YérdeRME cylihdrich @otbrOf DrotRae RREH dni 8 €M) and
adj acent s al\éjmge@ﬁtﬁe?dllb Yyliadrlchindsdce Gﬂcmg @) {atBgeneralfi cillinglicat Sditor!] 86y bdtiOspaced apart

pl uralsdety OheréfdanBy p@bmefally SBipdriod gap (28)) apluedlify St painensaPiignetic dolae (23) iatr@riorm ,.
char act er i sethahds gabetiél 6 k@ romtjoodl iakiy (13f ors adidl smtacene tieotoes afd pgsitiamed apjeent sadned
on or in thgdnemiy dytraiéicabapt (P8), ssldatator having @lplurdityes wamd dolesoR®) on soin & laatistrath@4) :
wound poI esof (1@ ptatar enacdipdpeé iirt thatcthal mejgrity 1otisaidc mpund Holes (25)garp péstBpedaamchr att thite ast;
sai d maj or i suyfacsf of titieestatay urhith fasbe said RBY s thet o ypund prledl (25Lidse edisrentpill wylindricall | el
to thessrot agapdaailanaxi lsast sai) maprity picthe woudd palpel(2bhate pesitinred stipstantialn paralie! tpdlees
(27) are cl ol ajstef te UANENd e PEBIRBINA Magnetis palas27) @ig closply sRATPERreHAg dheof
the rotor sERMPABECYNdReRl EiFeumfofoRes o “b?r’ém‘r Wriage; syel] Yatdhesy gre Ligfvalshert sybptgntially

semi - ci rcul s@mi Hét“?%"e?q U% the g“’"ﬁ%‘t ?)\E‘éﬁe'@i‘tla%?ﬁaé?'é RP"'&P? "‘3 °‘Ec%°r'ﬂs @7),
petrianent nﬁgﬁg hely,go ﬂ“’éﬁ?‘ " st"ﬁs
betondeny | B fé%?’ ety .narr:;z °f e

p0| es (25) Itl ne é/ ] %ﬂe{sy(i‘ee é %

subst anti al 19"4 °w rﬁa v R s su s an i ght angl es

thereto, Zsa}\q:rtrsﬁlgéso&r%gnttnj:%%ne? %1% a?no( cq;acﬁlk@(@{%t&&m&fiw fin boéhgrag | ow
rel ati ye TRgRRhI wBEhAE AR elwion #13A4 le&ly%ﬂbc% b 3Biiaink ool SRR bbtned2. A
brushl ess pm@‘tgvg%gg d iR lcRduhidldRaBRnELRFL C Machi ne (110) as cl ai med

in claiml, charac- 45 terised in that there are between 4 and 30

cl osel y gpagapismess Enfdmbnt TGRS rbtsry ROAER ¥k reBihd 1ONSAcISH@Shanin a) dhiac-
evenly ar ougfiseling thdt MtfieidITaRr S0DGE20 bertriaont @lagiietié bdips (&) pésitihats Blei3 arqasd mRNENT
magnetser ot agipcuigroassnt tleeadrr(i1g. machi ne (10) as clainmed in claim2, charac-
terised in that there are about .20 permanent magnetic pol es (27)

posi ti onad &\washligssgpomaneht magneb®tary dynane electicomanhioe (10F ast diasimedge olpim(2ldr)claiml3, A
br ushl ess. peharmatesdset imthal et subsiratar(34) Hgsrraretivel reagnetic permeattiiinef Igss Gipn A6 (reldtivd Wed
inclaim2 & claim3, characterised in that the substrate (24) has a

rel atise magnetic perneability of less than 20 (relative to air
. 5. brushless permanent magnet rotary dynamo electric machine (10) as claimed in claim 1, charac-

terised in that the permanent magnetic poles (27) are provaded by a plurality of high strength bar
magnets, mounted adjacent one another with their principal axes parallel to the axis (13) of the said
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55 A Brushl ess permanent magnet rotary dynano el ectric machine (10) as -
cl rred “n claim1, charac- terised igp permanent

(2 are provided by a plurality of hi g(%?esﬁai rég%th bar mar‘mﬂmmﬁlﬂpl
adjjacent qne another with their principal axes parallel e axl & 3)* of
thd said (err) rotor (B2 0 368 930 Bl (err) * C L M S *-rotor (11). 6. A
br ushl ess .permanent magnet rotary dynano electric machine (10) as cl ai med
injclaim1l, &hdykrushlese pérmenbni magnbiarbtatyhdyngar elecwiznhadhiag 0] < clfiBbE s dlaln )1, Satac-
pravi ded by a ddrisey in thab the metmanént agnetinedies((30 are @ovided by wisingll céramitaisy @kgnsE@o),
i n,such asway tvhigh istagnetizesn 680 p wan thatrteeyingi30) bds redidne piraitéraatermaggnetici polarity.
poldrity. 7. A brushless pernmanent magnet rotary dynano el ectric machi ne
(10) as cl ai 'fred‘ 'P'I‘Fhl?FsaP?ﬁ“i"e"*c’ﬁ%ﬁ“éfcfmatyeqyr‘%%e'ﬁqfﬂct aching K8) ag cliimedsin afrire 1r diace-
(11) is an ext &fisedin that B¢ atlepst ong yoor (1) i§ ap peerprl FaREANG!) WLHhe PerBaneeineagnglio Byles
on |t he mternal‘”l:?ﬂtf‘?lmefnéb dYindrica syifacesf the pptor otor 10 8. A brushl ess

perlnanent ’ magn m) eI ectrlc machi 6[‘610 as clal rred |n clal m 7,
Prop

chdrac- terige tf'ﬁs!g egs " ﬁ a"é’x?‘ acpigg (ﬁ%ﬂ'
erised in that the a F \r}zrl r é1 Fggﬁ lf‘?’ af?ﬁﬂ hﬁ
( 1 ) and is f 0 se e tnélr th% %ens strenQL qﬂ% 8’?“?’"'% ?rpeneﬁbrlng\ﬂg

te S|Ie streng \ contalnln
(27). Q. rus Tess permanent magnet rotary dynam) eI ectric machine

(19) as Cl a'ﬂreq Bridnfeds2bdihanent SRAh& Gotarl ha'?f%delécﬂlctm;nnea fio Jimé?inlﬁ n% QI’ h rll-)
i sfan internal idaGk thbt Q%astg&rotef (bf)lt'ssfﬂi’ﬂé'ﬁal Rotdr 14D ) a‘ﬁ th naHs
el gctric machi ne (I0) as clainmed in claim8 or c a|m9 20
charact eri sed. Mbrdshiads defirRansi GAGIE rofAB dyRBAS Sledt® maRiRS (1 éiu BPas! dfinddqs l:lLJn%rQ:fam% ge
rotor (108), abchkrawtided i Mg theemashing hae mMeadd for 6EHsih ai thd pd&ition b¥ the Jotok X10b2 ind switchin
iecting an ek&si(TriB2, THOWETrS Ol fod CorBedhPar didttrlcy pbwer shiRcebquRaklly BRSH Sbﬁ
i ndi ng (W, phaBg of\ABYindingr(Wit 12, Wag fordibyitle. paUne Polés2(D) obthe kthrer. St at or . 11. A
shl ess pernmanent nagnet rotary dynano el ectric machine (10) as cl ai ned
cl ai m 10,11cAdrustlessa®rmanent im@agnet exdary dyriatna telstttie mastine (1) g camat 1 @HATI0,] Bi@Gc-
power2sel ectefisediicthahtiiet wiitehing rekans eep(ises pie fowdr-electtonicfspitching dbvigelirs 2210 firibhe
di ng, the ofl"7dakfhr efeh prase picthsyindieg disl o eash dewdenizping Sapable ve bsingri™swilsiedzon” by a
pective conteeRsctiveicanal signaldprpprsive to thymedna forresnsing (oM the egieripasitiof.100) t he
or p05|t|on 12. A brushl ess permanent magnet rot aral dynano el ectric
hi ne (10)%sAdr P,FFécPer“PF"E'F Ahagret 1otary dyjese elegijc machined(l@laselaimed infplpim f hecharac-
hine i€ at g R ?H'Paé'é"es@"@g droeygetiief rtnslingsy(W1.\2, W)
arated by 1232:?16 (gﬂ’ N ec‘H%ag aguees. A fahsensipg theJptey Pfg'“?%@asr‘ﬁfadf for
19 157 PR Ry P?ﬁ’"é?% ?5’6“5?9??’?}?1 1o %ﬂe"b@é'i"‘fﬁ ‘H %8‘?%’&3' degrees.

ition has nEan
I’US

arated frgmthe next ghttrjn%q eloec &rlca de fo? $
manent . magn a?’ "5 e 3 af%eﬂ nd”
et ety 3 Hhc i dﬁe Ul eiakd Ol 3 il ity aﬁ%g "
ns (110) to control t he speed of t he machi ne. 14 A brushl ess permanent

gnet rot ary, AYRaiEs Beriahdnt MadhBGhhd Sydahdsicaic E,La.lng%) s liafnhedli 1%31@4 2R further
rther incl udinfiging »aiké 1érOthe m%tﬁga‘égﬁr&%ﬂséa ARt WS brainkilbel f"
Fudes @eanseiédiicalbhivig Qi20®Df the machine€T €ct r1 cal braki ng (120) of

Chl ne. 15. A brushl ess permanent magnet rotary dynam) el ectrl c rrachl ne
(20) as cl aitheA biushiess pemateht magrat meary tydams elctiiimadhnb (1ohas SEMEd RCiEinn 64, LA Sc-

ans for "swi fedded ingthaiftfe’ machiee imeiades Im@ansiforr "seifEbingeff"ttite rdaxhia€ iniresporeb td @teclionVit
an applied vol valye.an4gpliadvoltdgebr ushl ess per manent magnet rotary dynano
el ectric #rachine (10) as clainmed in claim15, charac- terised in that the
machi ne i ncltGdf $rughiess permapent magnet fetanydyoermo eleq!(B?Of)laqhhe (1¥hehelaimed in clais bo earact 0
over heating. 5@sed in jhah thesmpchig insheerameans foratshitahingol aft§o)dim saehine| in resppnse to
machi ne (10) a¥®®P&Pgred in claim8 or claim9, characterised in that the
nmeans for SQQSAB,% t he rotor IR03|t|on i ncl udes sl otted optical swtches

shless permanent

( OPTO - agnet rotary dynamo electric machine (10) as claimed in claim 8 or claim 9,
characterised .in that the means for sensing the rotor position includes slotted optical switches (OPTO1- -
g OPTO2) '
Patentansprliche'

55 _ . .

1. Eine biirstenlose dauermagnetische rotierende dynamoelektrische Maschine (10) bestehend aus:.
wenigstens einem im allgemeinen zylindrischen Stator (16) und wenigstens einem im allgemeinen
zylindrischen Rotor {11), welcher um eine Achse (13) drehbar angeordnet ist und im allgemeinen eine
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OPTER) Pat ent anspruche 55 1. "Ei ne bUrstenl ose dauerma nde
dynanoel ektri sche Maschine (10) bestehend aus:. weni g%“mmlrmum,m[m
al | gemal nen,zylindrischen Stator E#®)3edsdoBani gst ens. ei*nem i m af | genel nen
zyli-ndri,schen Rotor (11), welcher um eine Achse (13) drehbar angeordnet

und i m al |l genei nen eine 13 EP O 368 930 BI o I M
S F zyPylindtisshecPrer@pher @Plaavivsist. 2@)che gbmedesanptenvaime dligerdknen geimansehenStatorm
al | genei nen( opgeathes argeprdwst dgt gnd {orediesge guretitrinen dm griigemeinet zylisdrisehedl Lvigpait
di esem dur cP8Les¥ERtist al | genei nen ﬁg i ndrischen Luftspalt (28) getrennt

i st ei ner ¥P%Vema! %&‘Uéi’%’@ﬁ’@f Pale [¢&). Foggogdn t2"7)=°'"a dHindbrreparaliel foRoatios:
Bandenf par &"Fef'3 EH’ dﬂ(ﬁeai"f"ﬁ’h Qberifiiche des Rotgrsen be‘)Ch%ﬂﬁfZ"d‘e'F‘ ggeanetemimesiigemei-
Ober f 1 ac he 2448 YS%'PP't d‘“z’ugeﬂéﬂ‘i‘f 190 #ine Viglaghlagewisiselies Pola (@5)
zylindri sch ?_ii“f eme(&%d dgrAERrsERoegtdRRt Sindei ne Vi el zahl

gew ckel ter j @rs 4]

"8}% d%hﬁ*’" giep 9?“H°k8'i‘eﬁé’mesa§3§9 puftoderin Yerge s
Statorg ang

e Ao o ?@ o egq et g8t oo
n zylindrischen Lu d

genannt en g gﬁvﬁ g i(i?we errﬁlu chen P]ar lel zur% ﬂ% H‘gg"' %{ ’5r S
wel che dem gg nam &)ﬂjn Ols P nd GRE Eeh'a rﬁf defi L ind 20 sta&f den |m
gew ckel tenalﬁé}hé‘n dn’sl:'h meg@ra@na ias h& g&’di i ?é hiiltni
benachbart ssdigl kutbe] iweltsehbicRdnSndib BisBFNG
(25) i1 WesBiifahd GEHREbRN Ak Smagrfischinl n0&$ éld %& éno&é g@ﬁlﬂﬁt% d“et
i st und di evethaRemEBY QizbrSWBE o8 Phandtischen Filksskd &t @ﬂerio@e% QAR iischer! dlikch
al i gemai nendia ykrantls iMeBRaNddlgbmingert gswidkbiRh fHoRC@S) SBShnIREH WD s@%%%%@ﬁ‘énné' nd,
derart, daBveteticitalet ginsnnten@Bivickekdsl B, (25)in\Wass6rilichdnCANe Welga lubkifinsi-SHoFl8seVE g€ !
f Ur den Magumgs firh iMBsentictes Inezhteal ewinigl chokdit, Wobei der dénbraOBdisidhamb iad S@atrat (24)
davér rragnet des cSiaors Rie ared(i@’ jelath@r inagnetsthes Paidleabiitib alfwsiscnhundiie GRBAIRRIrCMcht
ver hal t ni snigiffihig $indr zen Wege des nmgneti schen Flusses auf einen Bereich :
erstrecken, wel cher durch die genannte Mehrheit der genannten gew ckelten
Pol e (25f g%@ﬁ: Rifsteniase dajerrranefischd aBiertinde dmampeiektistfiehMasehine (1Q) nagl rRasmdcd N,
gewi ckel t endadyrel gekennzpighngtsdad Fisshren® aind 80 e ferzete Abstang netdinaodee rngdocsste s
unt er % m welUATPGrEYRERe Rola@T)dm waparkieen Slelshradfinetm denciseingcies Refor &t ergeBaneti ch

und das Sub¥¥r at (24) 20 des Stators eine niedrige relative magnetischg
Per meabi Li téa en un m wesent | ichen nicht leitffhig sind. 2. Eine
bUr st enl Sse, nz '%‘P gtﬁ RogiRsEEeRt Maschinge(1Rnaach ifneerych B
~nach Apspr L{ﬁ} d ,ﬁ 'gnéeor ne h YBagRIicih ERe 420Ingleigmnapig Yo deRm
Abstand vonel n ger 3) dauer magneti sche PoI e (27) im

Ei ne bUr st gjabo RRspH2Y & TREGER | gokeHnzdiireE tive magn
(10) nach Anahdabifid: diwel IR AgsidHe hielI6HRYIZR | a1tn| i1 = e Sehe
dauer gagneti sche Pol e ( 27) gl ei chmaBi g um den Umc ang des Rotors ( 11)
angeor dngt esdenslirstehiosd-dARmkdghebitRE |r&§ﬁn&a&ﬁﬁrﬂwﬂﬂﬁ§dh§ WNBcrirt (16 R0 Ans

dynanoel ektdadtich geRdnbseiinher, da80dic dtasthaghefirhdiOidied2ARlch RS RiekSHvon st

g QI_(/e nnzei chere{27) i Bot@da BeidstiAd! gobildet wefiden Shdidhe IhBhagihbal QudiaBdLe HztﬁlﬁgheHauptachsen
Per'meabi | i tratalighaf deeiastse (Mpdesiyendshien Radrs @ Bangéordrist sifd. | m Ver hal tni's zu Luft)

35 5. 4Eji ne bUrstenl ose dauer magneti sche roti erende dynanoel ektri sche
Maschi ne6-( Ee bistdniosg danemmsinetischel aalianende dyphraceiekieisabia Masching (B0)Caen Anspruch 1, '
dauer magnetdadensh gekennzeighpet dafdie idausimergnalisehion 8blb (M KurB eibaneaizigen kepamniécBSn) i t
hoher Fel ddlingreeneisa3q) gekildetevertion welghér dybeinse deartideaWVeisezmagnetisied dst, da tieri Riigen
Haupt achs e &eaic ee‘i’ecﬁif'"ﬂ%‘r'“am%ef("fbﬁ'tawﬁve@énannt en Rotors (11) angeor dnet.
si nd. "540 6._. El ne buirstenl ose dauermagneti sche roti erende dynanoel ektri sche
Maschi ne™( HaRlon, nepn '““%lé%f? é?(E‘??f?E'é?ceﬁ fMasching (£ agh Anspruch 1,

dauer magnet %’ﬁg é?:'? sﬁg %'egéﬂ qir-ulerpraRotns 1 1 &1 rignmig et en
(30) gebi l elfe"{/‘v@"?}'é?ﬁe" ?" Eerg'ﬂ?'e'bﬁy nYFapLPkergeoRes Batoriagnet i siert i st,

daB dg B' rﬁg\e(b%@en@%f ﬁéu%l?&%g?{&%?cﬂé erl:tn%ge%e r&?r%pnggllek?nsgheer Man’(gh“%r z1s)ar;[acl'§fjl Kns\greulchS t7 45
dadurch gekennzeichnet, da8 der wenigstens eine uBerer Rotor (11) becherfGrmig (12) geformt ist,

und aus einem Material hergestellt ist, weiches eine Zugfestigkeit hat, die hdher ist als die Zugfestigkeit
des Materials, in welchem die dauermagnetischen Pole {27) eingebettet sind.

wesent | i §Nas Ok Ida@rmém@& ume?enge 9&%3%?%%&9(&1 fk ?ghagnet S *

i

5 9. Eine biirstenlose dauermagnetlsche rotlerende 'dynamoelekirische Maschme (10) nach. Anspruch 1,
dadurch gekennzeichnet, daB der wenigstens eine Rotor (11) ein innenliegender Rotor (40) ist.
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L FEi ne bUrstenl ose dauermagneti sche rotierende dyna h| ne
20 nacH Anspruch 1, dadurch gekery}znf{)@d%ﬁt daB de:‘mnjm*mmmm Rot or

1) ein auBerer Rotor (11,31) ist %auernagne*tls;chen Pol &n ‘auf der
neren zyli ndri schen Oberflache des Rotors. 50 8 Eine bUrstenlose,

uer magneld ¢4 Gursh %E)e%ﬁja &x&a%&lﬁé B&niﬁb@ekwﬁ&féhﬂll%hu(el‘gh) Rahhandpiagw sich
dadur.ch g?vé EiizeidRrt, Qb 81 MaSdnihe MeBAIA zu &Haser det Position
cherfornig slﬂ&torg hiRGistLund %&haltrH.ﬂd (PreB2L TR s, Mt £1) baditzthe GiRé bielisthel ttstungs-

| ches- ei ne ggdig sERibatBKRit beribr jodbr ©hd36 BiRsr Wiskiung 1, a2 Wiy gblersd digéedickele Sole
terialg, I qgmgg: a0 dilRt, d@m.ﬁmgnet I schen Pole (27) ei ngebet tet sind. 55
9. & ne bUrstenl ose dauer magneti sche roti erende dynanoel ektri sche Maschi ne
(10) nach #nsme Usifstehlosel adlinvahney sie mizehdshdyemoetbatisctie Masading g 60 erch ArisprachRisk or
( 11) ei n i nneabireny gakbanzeRdtner, déglds Schaltmitblfir jede Phase der Wicklung eine leistungselekironi-

I EP O 368ct@3®chdbivorrichtung (Tr17-211 Tr12-16, Ti7H 1] beisita.1wiobai die] oderl jede] Yprriciiupgein der Lage

blr st enhose dulechmipnetspectivadesolteusrsianal dn dphingighelt e dens Mittel (198 #y [Feaseyng) der
ch Anspr uc iRoBrstetieng. ‘Ainggpchpaitet” ou wefdeiur ch gekennzei chnet, daB di e Maschi ne
ttel (100) zum Erfassen der Position des Rotors aufweist und Schal t m teI

r17-21, ¥ Erejgrstepose E{auzfy"as@ﬁ?% fotieigpgecdyamosiektizche é’@Fﬁ?'"ﬁé?% a‘i'w%"s”' e |

quenti el | fpgurgl @ekanpzeiq '@G%Fawa @I"ﬁ@WeW’ Ts@ﬁ "e' ie E rf
e gew'tkel t¥h ‘ﬁ%l‘@s’?"f‘"’e's‘ “’ sg jogn B'f"i’d b 2 nz & ne
r st enl ose 'f‘?'§‘<‘fﬁ’ée ”%9 ‘é’ﬁd’ée' Vﬁ'g?eﬁé’gf'%trdm SRR ° q | ne

ch Ansprucﬂ’°if?"”ﬂ‘ag r QYR8 hizei chnet,  daB das Schal t i ttel fEr Jede

ase der * (e lugrlmst unw“gl % Qﬁtﬂ Q%{agéﬁﬁ’lé r(’l(ﬁhl%él'\nﬁhsé

21, 19 Zy%?n o em ji’ f LB di éhlﬁ gegqiiay&fn@ﬁ gl'!h”iﬂ&lﬁﬂeﬁ' eﬂeﬁtttel
ge 70% fg §f ‘ﬁ @ ?ﬁ teuer SI gna In ang| gkeit von
mMttel ( (5) zur Er assung er Rotorstel | ung, "eingeschaltet" zu

rden. 1214 iR ShuRidnR e RS RgARAL NRBRRG &RliRodieRiibcAs RACKRING Y 1B MR Arlspruérs cdhe
schi ne (10)4aRB&hinE DBdtéHehy iJsz eilalemE: @F ks NE&ineh Badurcil gékeflnzeichhatC Bamndie
ne dr gk phasd Gfse Wies R8)euf SdkiriscHeR ABBrerhsully €df IMasyme alifadsti 5 (WL, W2, WB)
fwei st, welche um 120- verschoben sind un und daB das Mttel zur

fassung g reifdaiustepliond batBgnaghdtische Irotiblehdeddydarhuelehitisthe lasahine d1G inadPoAvrispiuemen
sitzt, wobaiadirenelRkamizdictoret, Wal dikeMasthicd sih MittdPagint "iAbsehaltem "1 G *Magehing cduinsish
t. 13. Ei naveletissiecaul nizsidged Sereorgomgsspdanpungiaesplicht.er ende dynanoel ektri sche
schi neo-(10) nach Anspruch 12, 20 dadurch gekennzei chnet, daB die
schi ne z06. ERegukstantysel dauelviegudisatie mejiewadaiviam igche Masqping (&) "emﬁ)spfz'ﬁn 15,

| sbr ei t ennstadirgh i ankennaeighnes das)die Masphinepeip Jliigl| (338 yay AdYGHRAT 98t flaschine
tierende dywbmsleteres P%b’h%fh'wmﬁ'éh"( 10) nach ‘Anspruch 13, dar uber hi naus
stehend aus; einer Bremse O d|e Maschl ne, dadurch gekenn

= Ty 1 e ERhE B8 g
fe ng5 st. 1 5rodg Aqsp l ’Q@% %{! dgscﬁzlelrzgc[ %?Séx n%g’z @otorsﬁ?ung gt

namoel ekt r i & S '&aﬁ?rr{ spr uch 14, dadurch gekennzel chnet,
B die Ma chlge ein Mttel zum Abschal ten" der Maschi ne aufweist, welches

Nzu n| e F‘feﬁ iPa':{?tff-'Fsorgungsspannung anspricht. 30 16. Eine bUrstenI ose

auer maghet,i £ 0 AnahbNAER 61 £5hbdiSSARanbRS S BSaié ¢18) qun@miprend S iméimb

5, dadur Ch Sﬁ{i%riﬂagi% \a‘% g SaC& ﬁﬁ R rBtoM;énb@'em rk ZPnddds 1) pouvant

"JAbschal ten” l';er %&9 latuR 8 )‘U?by%ﬁbun&‘@lrﬁ&eg‘é nét8bmdA §lifdribde (DY) TasantYide Glidit. stat

7. Eine bUr Séeﬁé}élaﬁ&t éﬂH&qu&@@?Etl &efedd 68 benieNae utl yspacgdnelsiomert elindridas ¢38); ne

(:10) nach Ansib il & psles’\RSfstifbs Bermdduitsr @) ek enng eé banet paralidBs dakaxe de

M ttel zur Erbesayis seeddidaimisdblistpogivandes adjaentbsch tyspace géréraoleat| cylmdrique

( {OPTOL- OPT02) (2@)ibdcstafidr ayaneurerptliatiditde pAles Udings (2vpaittisrser @i daot wii ybsirab(2¢) yin atator.

rotatif et a CARMSWERISPENNCHEQUEJa sajds ldeddits Boi¢slpingt 25k eanppasitionnés eur ippidass lan

stator gener adusmerdu stapdriquel faitgface U yotert deasorterginlss WAles Helinés (R0 Gprapdiagrrtiy audit

cylindrisue (dspicepinddave (EBLAtrave. ALMEDY laditemaierie d 5] Bylesebobinbs (AS) 59né Pesitiopéee -

gen6r al ement . aplokimetivement pgraiies f Laxg dﬂfm%"a't@@a%ldﬁ’t?‘ BY$t 19 PO ﬁ?ﬁ'&ﬂ‘é&ﬁ% rmanents
kl i ndri que -((@B)soriteseacts decfagRn seEcelayr de 13 "f?f?"?s?ﬁ&é’é'eg GY'QF' 'a surface

l'i ndri que (%E: 48 ma"‘e"et?n‘”ée?sldﬁ‘f &ﬁ'q"t"é ‘?? E?Paé'éét'ﬂ%‘f

a es
spus forme de®l §J°' f alljtulgrlce
oot orie e CrBRe. RS CeGe L i T s

pbles bobinés (25) entrecoupent essenttellement tous les chemins de flux magnethue sous des angles
approximativement droits, ladite zone et le substrat (24) du stator ayant tous les deux une perméabilite

O
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(28), ledit stator ayant une pluralite de p8les bobines (25) situes sup, y
“dahs ‘unfsubstrat (24) du stator, CARACTER SE EN CE | dit
p8l es bobi nés (25) sont p05|t|on||?€s° 3689389 BYans | a Sjﬂll“ﬂ“ﬁllmuuﬂtum

fait face audit rotor de sorte gue Ies p6| es bobi nes (25)¢ sdn 4dj acehts
audit so dr i, noins ladite ITB.JOI’ItG des
p6l es bobi HE%““'?‘@@)'&%‘%%{*"" Fﬁ%@% 'eé'beﬂl’ cﬂﬁﬁ%{vﬁsﬁent paralleles a |'axe {e
rotation, ( Wil bl syg%f!f rotat.ﬁ PR zﬁﬁ@&&é e TIE b3 vgnd.%t.mg“ e

espaces de

o k6 Lk G& pdify 1
de-la Surfg&%eqflpors%ngg 593 .H@%Au@é ga.e&raﬁ% eréc.;aﬁﬁérf ng ﬁ@ rragnet“{lgque

a}spr oXi mativenent sem-circulaire re at1 venent COUI’tS ent re |l es pl | es

magnet i Oyl fuaftleBRdRRics byndmo RkditE3 aﬁ%k' paHSanbntd Qindbdiaisf(id) sBlortld kQBdicafon 2, d€
| a circonf gheACRAISECBN I JES QG Rivirde 26 |oBiks WRgNELIeS U£) peditRbrcY ANBSRLintSRaEd S
s' dt endant rgals 48 dBQNBrcBidréR6 QU AR (RAT ladite majorite desdits p8les
bobi ngs (25) de telle manibre qua ladite mayjorite desdits p8les bobines
(25) ent4 esnathRBocRiRENtynahd eiEENét il dridhtd @EmaB@ETEARS balgls {1b)Usslon B B@hdichtich 50U
des angl escapple@adindivn 3¢ CRBRACTERISEL &N CEaliE & subsvat @) 4 enespeidéablild hadddtigaku
st at or ayandatitecdesndireiecd (par tapgorideseiededialn. t e 15 EP O 368 930 B11 * C L
M S* magn6tique relative faible et etant essentiell enment non conducteurg.
2. Maohifae Methnetélectjae ndyiymarsiatiy b @ @imantsgermaenentnwng l@lapdmmmmla sevegiizationdl ai 4
(10) sel on CRBAGTERISEEN SE iQYF las pUSSRNOTERISEPEENNERSs (D) $on constituésar gneplgsalité3 0
p8l es nagnée Py T@FW%?'@"S(‘GZ Veevs'p%smldé’fel’sdg@ﬁe Sautre, leurssxey ginciggux étant
p05| t i onGSF’%{a"ﬁ’é§él &3y dyditedor(Bgul i ers autour de la circonf6rence du rotod
3 Machine el ectrique a d nam) rotatif et a al rrants er manent s sans
baJ_,al ® (&oga%ﬁéﬁctr'aueﬁ%%ﬁm folfif o 4 aimants RRIREReRYy Ipn fa g V%f“’t?ﬁ'{?r‘r‘on z
pol es magn f‘“gfif gfz‘?;; o%"i'%(l ﬂ'§§ magngligues H?‘E}a(}eé’fsl ‘é@ SP Situf
ci rconfer eﬁ% oF ! MRORStSR AR I ZUTTR 81 |aarl78” Wﬁ?ﬁ? %fozﬂﬁ ‘i’e et a
ai mants peP 'ﬁeerﬂ?gé'etgﬁ?ﬁg

B'Lef%als (10) selon |l a revendi catlon 2 oula

r even% Cfa‘t MQ n%’ele B&gr@r%mg % lr?(s pgl’ﬂ%HQ'I?StJagé ba(a%‘t 0) gel&,flg rée rrd p Llitq
magneti que chgle e el ivp Jnamvre&teae uesS
Machi ne 6l S&Fnﬁde%?zﬁetgﬁf@iﬂgps& sl C@ aftu riBRibldn il rmanent s"sans
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