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~present invention concerns’an el ect Nogpgnetic tdggécq‘H&%r p\ggg@__g__mlgé(,g@l"q{"
- pérnmanent magnet. Mre specif- ically, the prdsent vent'l concerns
two- phase trans- ducer with a nultipolar perndhé~MaM@ynetPeha iy N%‘&F‘?
pol es, N being an even nunber greater than-2; |@fagtireis)t q’:ube:iu edtoawad ------
reversi bl e el ectronechani cal transducer. The 4
t he present inventi @LECTRX ' '

applications, for exanple drives %r i -'V ttes in the

informatic or audio-visual donai nw&’aﬁﬂ&@& use such el ect romagnet i ¢

transducer for driving the hand of an ‘anal og indicator such as a
speedoneter in a Jﬂhautormbl Ig an el.ectronic watch. In the case of the

el ectroni ¢ wat ch;"TheP&SFER ené'r“é(lelnyFlé’F’?’pl GPBGeERSe| adt r @leptatdmagnsttnic
havi ng a bi pnhasdpeerranébh m@ﬁtlﬁ@ﬂﬁtpéﬂnd;{ér& s‘{a@;@ﬂw e &yt or

.effecting aégi%g thr n err% for each step.” If the watch 1nc
udes a secon c?l t aPpF 61?3ké’§“nﬁle§5é & Ew?réhﬁéﬁcira@fs 1

Hz, there ﬁ@ceherwrtl'quar etubt i pollact | @&mhn&nfta(ﬁa?gnéﬁ gavhagnegn ddigd ot or
of the notogsapdiauchy be:.ng an  even .number greater than 2, adapted

to be used as a rever51ble,electromechanlcal transducer.

The electron_!agnetic transducer of the prese_zit invention
is capable of use as a motor in - numerous applications, -
for example drives for discs, windings or cassettes in
the informatic or audio-visual domains. One may also use
such electromagnetic transducer for driving the hand of
an analog indicator such as a speedometer in an automobile
or an electronic watch.

In the case of the electronic watch, there is generally
employed an electromagnetic motor having a bipolar permanent
magnet operating in a stepping mode,. the rotor effecting
a rotation through 180° for each step. If the watch incl-
udes a seconds hand for which sfepping takes .place at a
frequency of 1 Hz, there is then required "a reduction
by a factor of 30 between the rotor.of the motor and such
hand. The. rotation of the rotor throuéh 180°% per step
and the gearing system serving for the reduction bring
about energy losses basically due to friction and generate

a relatively substantial noise.

Next, if one wishes to obtain an almost continuous.
displacement of the seconds hand with a bipolar permanent
magnet, it is necessary to - increase the operating .frequency
of the motor and consequently the reduct;on down between
the rotor of such motor*‘a’ﬁd the _’R\and.f" 'Bfus: 1new1taﬁl§.
leads to additional energ’y logsessfr and 'odlf.lc?‘lz.z.ons f:&f
the timekeeping movement,’ esﬁclalf ';r'- far:‘?{as ‘;he'ise
concern the dimensioning of the dr1v1ng gears.:




hand. The rotation of the rotor through 180[err] per step and the gearing
system serving for the reduction bring about energy |osses basically due
tq friction and generate a relatively substantial noise. Next, if one

wi shes to obtain an al nost' conti nuous di spl acenent of the seconds hand with
a bi pol ar permanent magnet, it is necessary to increase the operating
frequency of the notor and consequently the reduction down between the
rotor of such notor and the hand. This inevitably |eads to additional
energy | osses and nodifications of the tinmekeeping novenent, concern the-
di mensi oni ng of the driving gears. .-2- On the other hand, a nultipolar
not or showi ng a enfthe-otlesr humbera afulmiplea o s Imiucifigrdihe
energy | osses, . inde t he_nunber of _transms ion geqés and it renders-
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wi t hout t heilebyesequindeeg atheeatemberdwd | dransmilsadonhayesbschand it
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ment i oned )
associated mechanism without thereby requiring a greater

reduction than that which is necessary in the case of
a motor with a bipolar permanent magnet, as mentioned
hereinbefore.

It_will also be observed that a motor with a multi-
polar permanent magnet may enable a lessening of the
driving noise. )

There is known in particular from European patent
EP 0 151 158 a two-phase electromagnetic motor with an
axially maghetized multipolar permanent magnet. The stator
of this motor is basically formed from four principal stator
parts and two. magnetic flux guidance legs, .each bearing
a winding and each coupling two of such stator parts.
The two stator parts coupled respectively to the first
and to the second winding are profiled in a manner such
that they fit into one another and that, when the first
stator part - is supérposed on the south poles located on
one of the two halves of the multipolér permanent magnet,
the second stator part is superposed over the north poles
of the same half of the multipolar permanent magnet.

The magnetization of the multipolar permanent magnet
being axial, ‘a disc of soft ferro-magnetic material serving
as a magnetic'flux guide is secured, in a first wvariant,
on the face of the permanent magnet oppoéed to that located
facing the stator parts. In. a- second variant, such disc
is mounted in a manner such that the permanent magnet of
the rotor . is -located between it and the general stator

plane.




her ei nbefore. It will also be observed that a notor wwth a nmulti- polar

per manent nmagnet nmay enable  a lessening of the driving noise. There
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of view of the magnetic potential difference between such
two parts when the cOfresponding winding is energized.

-  In the first variént, the disc of soft ferro-
magnetic material secured on one of the faces of the per-
manent magnet of the rotor gives rise to magnetic short-
circuits between the magnetic .poles of the rotor permanent
magnet. Additionally, the rotor permanent magnet being
located in a plane other than the general stator plane,. ..
it is attracted by the stator itself. It is thus necessary
to exert a force thereon in order to hold it in place,
which causes friction 1lowering the yield of the motor.
Finally, such' disc increases the .inertia of the rotor .
without increasing its useful volume.

- In the second va:iant, the problem of positioning
the rotor permanent magnet and the increase in inertia
are parﬁially resolved, but at the cost of an increase
of magnetic reluctance. Effectively, the magnetic fluxes
circulating in one of the motor magnetic circuits "then
traverse four gaps stator - permanent magnet of the rotor.

. There is also known from Swiss patent CH 656 990 anoth-
er two-phase electromagnetic motor having a multipolar

permanent maQnet.

The stator of this motor is primarily formed by a
stator part defining a stator hole and four stator poles.
TwWO adjacent stator poles are coupled to one another by
a leg on which is assembled an energization winding. .In
the same manner, the two remaining poles are coupled to
oné ahother by a secopd leg bearing a second energization



the rotor is located between it and. the general stator plane. 3 This
not or exhibits the foll ow ng di sadvant ages: - the two corresponding
priincipal stator parts fitted into one another require a delicate
adj ustnment. Additionally, they are not appropriate for a high nunmber of

pol es. Next, a relatively substanti al gaﬁ must be prov- ided between such
two parts located in a common plane in view of the nagnetic potenti al

di fference between such two parts when the corresponding winding is

energi zed. gindih§.therhér Sﬁaé’ﬁéﬁ?{ﬁtlor{ h%fd' 2he0f mﬁgﬁé eher rgolga%tﬂ-ﬁcot or

mat eri al securﬁg on one of the faces of the per-
gives rise Pb FBGNEPFRTsRBFRangnt pagRehetswethtahe nagnetlc pol es of the

rotor pernanent magnet. Addltlonally, the rotor permanent magnet being

| ocated in a plagg othe%ltq§ the %é %% at or Iane it is attracted
by the stator F1 PIRTARER ug'aﬁ § e’i@ PTa ¥or doc@tedeohn im
order to hohdlghbourpnacdoummmffmes maml Ardmwathiengstheoyi epThmi. t he
ot or. In order to enable magnetic coupling between the stator
poles and the permanent magnet, secondary stator poles
are provided formed by teeth arranged over about a quarter
of the circumference of the stator hole and directed towards

the center thereof. '

Each secondary pole belonging to a common principal
pole 1is angularly separated from such principal pole by
an even number of rotor poles relative to the other second-
ary poles of such prin;ipal pole and by an odd number of
rotor poles relative to the ﬁecondary poles of the second

'principal pole energized by the same winding, whilst being
angularly separated relative to the secondary 'poies of
~the other two principal poles magnetically coupled to the
other winding by a .whole number plus - one half of rotor

poles.

This special configuration of the secondérf poles
enables operation at 60 steps per revolution for a permanent
magnet possessihg thirty pairs of axially arranged poles
by alternately energizing the two windings. Additionally,
such a motor operates in the two possible rotation senses

 of the rotor. '

However, this motor exhibits at least two'major'dis— :
advantages. Initiélly, in order to permit the return of
the magnetic flux, a disc of low magnetic reluctance is
applied against the face Gf the permanent magnet which
is opposed to the face located faéing the stator. 1In the
safle manner as in the case of the first variant of the
preceding mator, this plate brings about magnetic short
circuits and thus increases the leakage fields of the



Finally, such disc increases the inertia of the rotor w thout

I ncreasing its useful. volune. - In the second variant, the problem of
pasi tioning the rotor pernmanent magnet and the increase in inertia are
partially resolved, but at the cost of an_increase of magnetic reluctance.
Effectively, the magnetic fluxes circul a?lng in one of the notor magnetic
circuits then traverse four gaps stator - permanent magnet of the rotor.
There is also known from Swi ss patent CH 656 990 anoth- er two-phase

el ectr omagnebtorrrpeumahantngagneul ti pdddr ipaalipentsudhg platel Nth &ty of

this notor ifePrin yagoqgﬁg pg¥g¥stﬁgQFépahg Q%EBQI a stator hole and
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a second energi afiq -4- w ndin The ~ magneti zati o
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the rotor magnet is attracted by the stator parts located
in a plane neighbouring ‘that of the permanent magnet.
In order to maintain the magnet in its position, it is
necessary to exert a mecharical sustaining force bringing
about friction forces lowering the yield of such a motor.

Secondly, the two poles associated with the same wind-
ing must be magnetically insulated by a relatively large
gap in view of the magnetic potential difference between
such two poles when the associated winding is energized.
This diminishes the possible uﬁilization.of the magnetized

7

volume of the rotor permanent magnet.

The purpose of the present. invention is to;overcome
the disadvantages described hereinabove in prov;dlng a
two-phase multipolar electromagnetic transducer in which
the position of the rotor permanent magnet corresponds:
substantially to a minimum energy position which is a bal-
anced position of the latter within the stator, this
motor further exh'ibiting a compact configuration, a very

good yield and a relatively low manufacturing cost.

The present invention thus has as objective an electro-.
magnetic transducer comprising:

- a stator comprising two magnetic flux- guidance
legs and a first principal stator part defining a first
stator hole having a central region and a peripheral region
Surrounding'said central regioh, the contour of said first
stator hole defining within said peripheral region a first
gapped circular - crown located in a first stator plane



The permanent magnet of the rotor is |located in a nei ghbouring but
different plane fromthe stator plane. In order to enable magnetic coupling
bet ween the stator poles and the pernmanent magnet, secondary stator poles
are provided fornmed by teeth arranged over about a quarter of the
circunference of the stator hole and dirgcted towards the center thereof.
Each secondary pol e belonging to a comoh principal pole is angularly
separated from such principal pole by an even nunber of rotor poles
relative to the other second- ary ‘poles of such principal pole and by an

principal poted e i AT it REeR AT Y, STefRa e ar iy
_separated relative toat WMOM&nylgpoaeerﬁattm oekds t wsupsitasitdalllyol es
magnet | Ca' ' Bé'tﬁ)_c?]fguié’rt he otbed Q@'tngsf?ayt@r W@%ﬁenu@ﬂ l%lr.‘eﬁre(i"%ein 'f

of rotor special configuration secondar
enabl es opwmdoﬁea{creé Fegionpaf r%i/bcﬂufi'-ﬁﬁtféﬁa§°6eﬂﬁ%rﬁmt5 éné‘lotor

possessi ng {h1diRg] éﬁ e @hBer aredtand thaal ewobyrabligolalrelpérman-
energi.zing the two W n AddltlonaIIXr ogch a_nptor oRerates in the

t Wo p055|bI%nFoTé?PSﬁsséﬁgEstflﬁhégrBtBF. magnetic poles arranged

on either side of a general rotor plane substantially perp-
endicular to said rotation axis so that the magnetic axis
defined by each pair of magnetic poles has an orientation
substantially parallel to said rotation axis and opposed
to that of the magnetic axes defined by the adjacent pairs
of magnetic poles, said pairs:of magnetic poles being at
least partially arranged facing. at least a superposition
portion of said castellations; |
- first and second windings mounted respectlveiy
on said first and second magnetic flux guidance legs; such
electromagnetic transducer being characterized in that
said stator comprises a second principal stator part
haviﬁg a superpoéitioﬁ-pbrtidn arranged to face said pairs
of magnetic poles and defining a second stator plane subst-
antially parallel to said first stator plane, said super-
position portions of said castellations and of said second
principal stator part being respectively located on a first
side and on a second side of said general stator plane,
said first principal stator part defining first and second
pr1nc1pal magnetic poles and said second pr1nc1pal stator
part defining at least one third principal magnetic pole,
said first and second magnetic £lux guidance legs magnetic-
ally and respectively coupling said first and second princ-
ipal magnetic poles with said second principal’statqr part.

In a first specific embodiment of the inveﬁtion, the
'bipolar permanent magnets are to the number of N and form
-a multlpolar permanent magnet having N identical annular
sectors, each exhlbltlng a common central angle @, a bipol-
ar permanent magnet being located in each of such sectors.



However, this notor exhibits at least two' major dis- advantages.

Initially, 1in order to permt the return of the nmagnetic flux, a disc of
| ow magnetic reluctance is applied against the face of the permanent
nmagnet - which is opposed to the face |ocated facing the stator. 1In the

same manner as in the case of the first variant of the precedi ng notor,
this plate brings about magnetic short ci‘rcuits and thus increases the
| eakage fields of the rotor pernmanent magnet. Additionally, such

plate increases the ithert paegbntheasOlmént NeXn %E%uﬁ%&orsQ%EGQHQP%f net
Is also placed in a nqp-eq ilibri position within the stator, that 1s to
say, in a pdQ tF¥h Tt ?ﬁﬁthﬁﬁﬂéﬁﬁﬁ&?t?ﬁqrﬁ?#ﬁhi%ﬁhQE%%?ngo¥ttﬁecgmﬁﬁ@r -
Irot_or Zy_st erpoileuJSmd @_Lm@rc_mmrn@trhiasr@gf twaﬁt eskiyetd® &hatRis pﬁéilﬁt,
ocated in ane. nei ouri_n that. of _the pernmapent net. In
order to rra?‘ﬁ{) i ¢ Re Ofagriet it?’fgi (S 505 3T oRT Pt %Das%egﬁégar;ﬁaq tederena
mechani cal st aifnithg feocealdiingi ng about friction forces |owering the
yield of such a notor. Secondly, the two pol es associated with the sane

wi nd- ing nust be magnetically insulated by a relatively large
In this first specific embodiment of the invention,

the first. gapped circular crown is formed from first and .
second regularly gapped crowns, the castellations of such
first and second regularly gapped crowns defining respect-
ively first and second secondary magnetic poles. The cast-
ellations of the first and second regularly gapped crowns
as well as the slots between the castellations of a common
regularly gapped crown each define an annular sector having
an angle o at the center thereof identical to the angle
@ at the center of said annular sectors of the multipolar
_permanent magnet of the rotor.

The first and second regularly gapped  crowns are resp-
ectively separated from one another 'by two intermediate
slots defining an angle at the center, the value of which
is equal to said central angle multiplied by a whole number
plus or minus @/2. - Thus, when the first reqularly gapped

. crown has each of its castellations exactly superposed
onto oné- pair of magnetic poles of the multipolar permanent
| magnet of the rotor, each of the castellations of the second
regularly gapped crown is _likewise superposed onto two
pairs of adjacent magnetic poles of such multipolar:
permanent magnet. The first and second regularly'.gapped
crowns are magnetically insulated from one another by an
isthmus or gap located in the region of each of the two

intermediate slots.

Continuing in this first embodiment, the second stator.
part is formed by an annular portion and a body coupled
thereto by a neck, the body comprising two magnetic‘contact
lugs. In the region neighbouring the external edge of



gap in view of the magnetic potential difference between such-two pol es
when the associated winding is energized. This dimnishes the possible
utilization of the nagnetized volune of the rotor pernmanent magnet. The
pur pose of the present invention is to -overcone the disadvantages
described hereinabove in providing a.tyo-phase nultipolar

el ectromagnetic transducer in which the position of the rotor permnent
magnet corresponds substantially to a m ninmum energy position which is a
bal - anced position of the latter within the stator, .this notor
further exhibiting aneQURACHpoE@AbhYUrtNeran, ifl YEEViR0aYiRicdnandydbpeq
relatively | ow maylact uipg cosls The ingeenls IMentign.t Qus fasyas, .
obj ective an el &1706-"nagneti’c Transducer conpri sing>=S a stat &
conpri sing two ABtARRSdc inf paxidentdmademparrr éiﬁ’dtbefg#%‘tt wepened pel rastlaior -
part. defining aréid Yf That eirsolmrikevbaly SRt pakt ) eginen casde Bl fxa/dnher al
regi on surroundipg 5&%&1 %QEEQl ngion t he gentour of sai.d figgt st
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crown |ocated castellEtions qifatre peeprd gapped circular crown. The
first stator part is planar and located entirely against

the first stator plane, while the second principal stator
part is also planar and located entirely against the second
stator plane.

In another specific embodiment of the invention, the
second gapped circular crown of the second principal stator
part superposed onto the first gapped circular crown of
the first principal stator part is located on the internal
edge of the anpular -portion, the castellations of such
second gapped circular crown in this case having a thickness
greater than the thickness of the ring in order to force
the magnetic flux created by the windings to close in upon
itself .through the multipolar permanent magnet of the

rotor.

In both specific embodiments of the invention des-
cribed hereinbefore, the castellations of the second qapped
circular crown of the second principal stator part form
third secondary magnetic pbles, magnetically coupled to
the third principal magnetic pole. However, in another
embodiment of the invention, the second principal stator
part does not include a gapped circular crown defining
third seéondary magnetic poles; only a -magnetic flux
collector ring or disc is provided.

Finally, in anothef embodiment of the invention,. the
second principal stator part defines two principal magnetic
poles, each of such two prinéipal magnetic poles correspond-
ing to a principal magnetic pole of the first principal
stator part, the two resulting magnetic circuits of suc¢h
electromagnetic transducer being then entirely'magneticélly
uncoupled.



and formed of castellations separated by slots; and - a rotor having
arotation axis substantially perpendicular to said first stator plane
and traversing said central region of said first stator hole, such rotor
i ncl udi ng an even nunber ‘greater than two of bipolar pernman- ent magnets
each defining a pair of magnetic poles arganged on either side of a general
rotor plane substantially perp- endicular to said rotation axis so that the
magnetic axi s defined by each pair of nmagnetic poles has an orientation
substantial |y par@héze tmesdits r 6tani uchxi 8hapdcbposeicko dMate 1fctie
magneti c axe L hed f dj agent Lrs _of, . magnetic poles, said pairs:
of magnetic %%‘?lgé&ggi r%%éltgal%g%g{ a%é%tf"§??§ M&&&% af"’ac?‘r%ﬁ’.“a’é?n‘t:e&?tgn@t
super posi ti o?f pothiain dfs spldcedstsidsttanimiallli r $h and meigtiongn Winddindgs o
mount ed respgeliye! Ybddl Sy | and . sec ic flux quidance | egs;
such el ectromagn%fi ?transéﬁc%?%%f% (1:: arac eg?'ggg i‘n {Iﬁﬁf g‘ﬁ d€°stsé‘¥or
conprises alflsdcoRlangedi pasitdeator Thareupawi ngthe sypexlpbsidfi osuch
portion arrapeeesd@céACEs SAh Tkl s 194, et ithaROkGS f.i ni .second
.stator plane gugit- antia%%zggaralléigigqsaid Pﬁrst %tgggP §ﬁ§ﬂ§?g§§%§s
super- posi t$%on “A8r tFARST | BreeeT’ | Bheonotard wilthpelaecordmpnenti pal
stator part dejaegtr esect beyy iwcahehpv P hahfbr, thus limiting the
' gap in each magnetic circuit of such electromagnetic trans-
ducer, while assuring an optimum utilization of the magnet-

ized volume of the rotor permanent magnet.

In the case of embodiments in which the sec5nd princip-
al stator part comprises a second gapped circular crown'
superposed onto  the first gapped circular crown of the
first sfato;_part, the yield of the electromagnetic trans-
ducer according to the invention ié further improved since
the leakage fields of the rotor multipolar §erﬁanent magneﬁ
are extremely small.

Other characteristics of the invention will better
appear upon reading the following detaiied descriﬁtibn
made with reference to the attached drawings which are
given solely by way of example and in which : '

- Figure 1 is a plan view of a _fifst embodiment

of an electromagnetic transducer according to the inveﬁtién;'
- figure 2 shows the multipolar permanent mégnet

of the rotor of figure 1;
. -  figures 3 and 4 respectively show the first and
second principal étafoﬁ parts of the electromagnetic trans-.
ducer of figure 1; - '

- figure 5 is a cross-section along the section
line V-V of figure 1; _ ‘

- figures 6 and 7 show respectively second and



sirde and on a second side of said general stator plane, said first
principal stator part defining first and second principal nmagnetic poles
and said second principal stator part defining at |east one third principal

magneti c pol e,

said first and second nagnetic flux guidance | egs nmagnetic-

ally and respectively coupling said firsgpand second princ- ipal magnetic
poles wth said second principal stator part. In.a first specific
enbodi ment of the invention, the bipolar permanent nagnets are to the

nunber of Neanddf @mBodifehitsPekanaPel SBReSHa FREPEE Baahgsuébrdse&bfaing
annul ar sectorz{h each.e hlbltlng a common central angle a, a bipol-

per manent

ebéPﬂ&“ld@&ved in each of such sectors. -7- In the

pr esent docunent- an &ﬂgukerQs&Mnmsraﬁﬁﬁurﬁh)édhbdﬂmém@eobowﬂdeﬂebﬂrémo .
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of the two radii - In €hgsresr 8t asydeditf iarenous sresectofon heiéwsengspact t he
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of figures 7 and 9.

In referring to figqures 1 to 5, there will herein-
after be described a first embodiment of an electromagnetic
transducer according to the invention.

Such electromagnetic transducer comprises a stator
2 including a first planar principal stator part 4 located:-..-
against a first stator plane 6 and a second planar principal
stator part 8 located against a second stator plane 10
parallel to the first piéne 6. Such first and second princ-
ipal stator parts 4 and 8 are magnetically coupled to one
another through first and second magnetic f£flux guidance
legs 12 and 13, each of such legs comprising a core 16
the respective first and second énds 18 and 22 of which
are terminated by respective first and second magnetic

contact lugs 20, 24.

The - respective first and second magnetic contact
lugs 20, 24 are magnetically coupled to the respective-
first and second principal stator parts 4, 8 by means of ' -
securing screws 26, any other securing means being naturally
foreseeable. On each Qf' the two cores 16 - are mounted
respective first and second windings 28 and 29, such two
w1nd1ngs being coupled to an electric energization source
comprising an appropriate control system for the motor

(not shown).

The first principal stator part 4 defines a first



second regul arly gapped crowns, the castellations of -such first and second
regul arly gapped crowns deflnlng respect- ively first and second secondary.
nagnetlc pol es. The cast- ellations of the first and second regularly
gapped crowns as well as the slots between the castellations of a common
regul arly gapped crown each define an anpul-ar sector having an angle a at
the center thereof identical to the angle a at the center of said annul ar
sectors of the multipolar permanent nagnet of the rotor. The first and

second regukasatyrgapped3tr ovmge afﬁré@sgnca@ﬁt iMAley MeRImYraGdd M-
anot her by t | nt.erme |at§ slots dEf;E an angle af the enter, the
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~the region of each of the two internedi.ate slots.

Rotor 38 includes a disc 44 comprising a non-magnetic
central portion 46 of circular form and an annular peripher-
al portion 47 comprising a multipolar permanent magnet
48 including ten permanent bipolar magnets 50 defining
ten pairs of magnetic poles. It will be noted that the
non-magnetic central portion 46 is not absolutely necessary
and the magnet could be extended to the center of. the disc.
The pairs, of magnetic poles are -axially oriented, that
is to say, along a direction parallel to the rotation axis
42 of rotor 38. The number of pairs of poies chosen for
this embodiment of an electromagnetic transducer according
to the invention is given solely by way of example. Effect-
ively, the -electromagnetic transducer according to the
invention comprises an even number N of bipolar permanent
magnets, N being.greater than 2.

The bipolar permanent magnets 50 are arranged in a
regular manner in the annular peripheral portion 47 of
disc 44 such that each of such bipolar permanent magnets
defines an annular sector 52, the angle ¢ at the center
of which has an identical wvalue for each of the. angular

sectors 52.

In the presént document, annular sector will refer
to the surface bounded by two radii originating from a
single point and by two circular arcs, both centered on
such point, the ends of the two circular arcs being each
located on one of the two radii. In the example described
here, the angle o at the center has the value of 36°.



Continuing in this first enbodi nent, the second stator part is formed by an
annul ar portion and a body coupled thereto by a neck, the body conprising
two magnetic contact lugs. |In the region neighbouring the external edge
of -8- the annul ar portion, there is provided a second gapped circul ar
crown, the castellations and slots of whigh-are arranged in an identical
manner to the first gapped circular crown of the first principal stator
part, the castellations of such latter being basically superposed

onto . the castellations of the second gapped circular crown. The first
stator part is planar and located entirely against the first stator plane,
whil e the second Bhéndiipal 4k abrrober B8 diseetperdiantat otat édeentdt—el y

agai nst the @fgﬁdﬁ%@zt QR @f%crﬂ AU Nelg 5?@8#&9 J‘%Hbgd'r?’&%fra‘if Jkt
i nvention, e second gapped circular crown o e _secon rinci pal At or
part super poEb@lneor-'i"@o hefevgar stheafpeatciandul aecerndws tettatheptanet 6 and
principal stagor part is |ocated on the internal edge of the annul ar

portion, the castellations of such

The contour of the first stator hole 31 effected in
the first principal stator part 4 defines a first gapped
circular crown 60 located in the peripheral region 35 of
such first stator hole 31. Such first gapped circular
crown 60 is formed by first and second regularly gapped
crowns 62, 64 separated from one another by first and second
intermediate slots 66, 68. The first and second regularly
gapped circular crowns 62, 64 each are formed by an altern-
ation . of castellations 70, 72 and slots 74, 76 1located
between two adjacent castellations of a common regularly.

gépped crown.

The first principal stator part 4 of stator 2 defines
first and second principal magnetic poles 80, 82 magnetic-
ally insulated from one another by means of first and.second
magnetic insulation isthmuses 84, 85. The first isthmus
84 and the second isthmus 85 are respectively located in
the region-neighbouring the first and second intermediate
slots 66, 68 of the peripheral region 35 of the first stator
hole 31. '

The first magnetic contact lugs 20 of the first and
second magnetic flux guidance legs 12, 13 are magnetically
and respectively coupled to the first and second pr:.nc:.pal :

magnetic poles 80, 82.

The second principal stator part 8 comprises an annular
portion - 88 belonging to a third principal magnetic: pole
90. Such second principal'stator part 8 further comprises
a body 92 coupled to the annular portion 88 by means of
a neck 91, such body 92 being terminated by two magnetic



second gapped circular crown in this case having a thickness greater than

the thickness of the ring in order to force the magnetic flux created by

the windings to close in upon itself through the nultipolar  pernanent

magnet of the rotor. In both specific enmbodi ments of the invention des-

cri bed herei nbefore,

of the second principal stator part formthird secondary nmagnetic pol es,
magnetically coupled to the thfrd principal nmagnetic pole. However,
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stator part,pddte 4o resulting magnetic circuits of such el ectronmagnetic
transducer being then entirely nmagnetically uncoupl ed.

Each of the castellations 96 of the _second gapped
circular crown 98 defines an annular sector the angle
e at the center of which is identical with the angle at
the center of castellations 70, 72 of the first gapped
circular crown 60. The second gapped circular crown 98
comprises a number of castellations 96 identical to the
number of castellations 70 and 72 of the first gapped cir-
cular crown 60, each of such castellations of the second
gapped circular crown 98 having an orientation identical
to one of castellations'70, 72 of the first gapped circular
crown 60. The peripheral annular portion 47 of disc 44
of rotor 38 is basically superimposed onto the peripheral
region 35 of the first stator hole 31 in which is -located
the first gapped circular crown 60. ' |

In order to force the magnetic £lux producéd by one
or the other of the two windings 28 or 29 to pass through
the magnetic pole pairs 50 of rotor 38, it is provided

. that the superpositional region béetween the first and second

principai stator parts 4 and 8 is basically defined by
the castellations 70, 72 and 96 of the resﬁective first
and second gapped circular crowns 60, 98.

In order to arrange this, neck 91 of -the second stator-
?art 8 coupling the annular portion 88 to body 92 is the
only part outside castellations 96 of such second principal
stator part 8 to be '‘partially superposed onto the first
principal stator part 4. The superpositiénal region between
neck 91 of the second principal stator part 8 and the first
principal stator part 4 is minimized by the fact that neck
91 is superposed onto the first principal stator part 4

t he castel I ati ons-qgf3 the second gapped circul ar crown

in

in



There results fromsuch characteristics an el ectro- nmagnetic transducer the
rotor nultipolar permanent nagnet of which is placed substantially in a

m ni mum magneti c energy position relative to-the stator, that is to say,

in a balanced position. Thereupon, the vyield of such transducer is:
rai sed, being given that the magnetic ciyguits of the transducer traverse
the rotor multipolar permanent magnet once only in an axial manner, thus
limting the gap in each magnetic circuit of such el ectromagnetic trans-

ducer, whilg_ a [ op'mgﬂut' | [ fo+t:he . L zed: of
the rotor p]grr1 rrastz{agr\t 9%33%& .éfn i he %%gé&%f q%r?%&&ﬁ%en%@g?%%{:éhqt%%ﬁond
princi p- al 88t whdchparx kasatedcin athe coprtymbpeagitencafap @asmews pmdosed
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the el ectromagnetic trans- ducer according t0 the invention is further
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In order to eliminate any superpositional region other

than the castellations 70, 72 of the first principal stator
part 4 between the first and the second principal stator
part, it is possible to provide a gap in the place of the
second magnetic insulation isthmus 85 and the narrow band
106 as is the case in the second embodiment of the invention
described in connection with figure 6. It will also be
noted that the first magnetic insulation isthmus 84 ‘may
‘be replaced by a gap in another variant of this embodiment.

The electromagnetic transducer described hereinbefore
has two principal magnetic circuits. The first and:Gsecond
~principal magnetic circuits are respectively formed by

first and second magnetic flux guidance legs, the first
and second principal magnetic poles 80, 82, the first and
second regularly gapped crowns 62, 64 as well as by one
half of the multipolar permanent magnet 48 of rotor 38,
the second gapped circular crown 98 and finally the third
principal magnetic pole 90. Thus, castellations 70, 72
of the first and second regularly gapped crowns 62, 64
respectively form first and second secondary magnetic poles
i10, 112. In the same manner, castellations 96 of the
second gapped circular crown. 98 of the second principal’
stator part 8 form third secondary magnetic poles 114.

' In the electromagnetic transducer described herein-
before, it will be noted that the angular separation
between two castellations 70, 72 of the respective first
and second regularly gapped crowns 62, 64 is equal to twice
the value of angle a while the angular separation between



- Figure 1is a plan view of a first enbodinent of an el ectromagnetic

transducer- according to the invention; - figure 2 shows the nultipolar
permanent magnet of the rotor of flgure 1, - figures 3 and 4
réspectively show the first and second principal stator parts of the

el ectromagnetic trans- ducer of figure 1; ;5 - figure 5 is a cross-section
along the section line V-V of figure 1; - figures 6 and 7 show
respectively second and - 10 - third enbodi nents of an electronagnétic

d f {
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enbodi nent an el ectro- magnetic trans ucer e |nvent|on -
figures 8 andnd1e sesteldasisactiRomivitdvs $%@%@%tregvk&leaEéBPGﬁngrpunthe
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Lo s there wll 28LE.01a8l88 78% 96?;%2' R9ds8 TLoalaShodyient 4o an
electronagne‘t’}i‘%n . g y gapped crown
62 is superposed over a north pole facing it, all the other
castellations of this first regularly gapped crown are
also superposed onto north poles of the multipolar permanent
magnet 48 facing them, while each of the castellations
72 of the second regularly gapped crown 64 is superposed
equally over a north pole and a south pole of the multipolar

permanent magnet 48 facing it.

A possible operation of the electromagnetic transducer
described hereinabove is as follows: the first winding
28 1is energized alternately with the second winding 29.
When a winding 28, 29 is energized, the multipolar permanent .
magnet 48 of rotor 38 will align the_pole pairs 50 with
the castellations of the principal -magnetic circuit to
which such winding belongs. Thus, in a stepping mode of
operation of such electromagnetic transducer, the rotor
effects a rotation through an angle ¢/2 at each step.
In the case of the multipolar magnet 48 having ten magnetic
pole pairs 50, rotor 38 effects one revolution every 20

steps.

In the emBodiment of the invention described herein-
above, cage 40 in which rotor 38 is mounted is given solely
by way of example. The cage 40 of rotor 38 ‘comprises a
first part 120 formed by a bottom 122 of circular form
and a lateral wall 124, such cage 40  further comprising
a second part 126 including a hollow blind cylinder 128
exhibiting an opening 130 in its lateral surface and an
end flange 132. Opening 130 is provided in order to permit
a gear to mesh with the mechanical force transmission pinion

136.

The first part 120 of cage 40'of the rotor comprises



transducer according to the invention. Such el ectromagnetic transducer
conprises a stator 2 including a first planar principal stator part 4

| ocated:.. against a first stator plane 6 and a second planar princi pal

. sfator part 8 located against a second stator plane 10 parallel to the
first ptane 6. Such first. and second™pkPnC- ipal stator parts 4 and 8 are
‘magnetically coupled to one another through first and second nmagnetic fl ux
gui dance |l egs 12 and 13, each of such Iegs conprising a core 16 the
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slot being deeper than the other slots of the gapped crown
140 of such first part 120 of cage 40 which have a depth
corresponding to the thickness of the first principal stator
part 4 to which is added the thickness of the end flange
132. The end flange 132 of the second part 126 of the
rotor cage itself is terminated by a gapped crown 146
complementary to gapped crown 140 of. the first part 120
of the rotor cage, the castellations 148 of the gapped.
crown 146 of end flange 132 corresponding to .the slots
of gapped crown 140 of the first part 120 of the rotor
cage in a manner such that castellations 142 and 148 may.
be fitted into one another. It will be further noted that
an impression 150 is provided in. the bottom 122 of the
first part' 120 of the rotor cage, such impression
corresponding to ;he contour of the second principal stator
part which 1is superposed onto bottom 122 of such first
part 120 of the rotor cage.

Referring now to figure 6, there will be described
hereinafter a second embodiment of an electromagnetic trans-
ducer according to the invention.

The stator 162 of this electromagnetic transducer
comprises first and second principal stator parts. 164;
166. The first principal stator part 164 is primarily
diétinguished from the first embodiment described in figures
1 to 5, initially by the fact that the narrow band 106
and the magnetic insulation isthmus 85 of the first embodim-
ent are replaced by a gap 168 sufficiently wide so as 'to
enable the neck 170 of the second prihcipal stator part
166 to exhibit no superposition surface with the first



stator hole 31. The first stator hole 31 conprises a centr- al region 34 of
circular formand a peripheral region 35 of -annular form A rotor 38 is
mounted in a cage 40 in a manner such that the rotational axis 42 of rotor
38 is perpendicular to the first and second stator planes 6, 10 and passes
through the center of the central circulldr Tegion 34 of the first stator
hole 31. Rotor 38 includes a disc 44 conprising a non-magnetic central
portion 46 of.circular formand an annul ar peripher--al portion
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6). '

.The two principal stator parts 164 and 166 are coupléd
to one another by means of legs 178, 179 in the form of
an arc of a circle. This special configuration of stator
162 gives the electromagnet_ic transducer .a compact form
with a relatively high length of windings 181, 182. 1In
addition, this configuration of stator 162 is particularly
appropriate for a rotor comprising a relatively large multi-
polar 'permanent magnet 180 as is the case here. The multi-
polar permanent magnet 180 in this second embodiment
includes thirty pairs of axially oriented poles 186, each
of such pole pairs 186 de'fining an identical annular sector.

Again, the first stator part 162 defines first and
second principal magnetic poles 188, 190 coupled
magnetically and respectively to first and second secondary
magnetic poleé 192, 194 respectively defined by the castell-
ations of first and second regularly gapped crowns 196,
198, such first and second regularly gap;ﬁed créwns being
separated from one another by first and second intermediate
'slots 197, 199. .'As in the first variant, each of the cast-
ellations of these two regularly gapped crowns defines
an annular sector the angle at the center of which_ is
identical to the angle at the center defined by annular
sectors in which are located pole pairs 186 of the multi-
polar pérmanent magnet 180. The slots separatlng the cast-
ellations of each of these two regularly gapped crowns
196 and 198 also define annular sectors the angle at



magnets, N being greater than 2. The bipolar permanent nmagnets 50 are
arranged in a regular manner in the annul ar peripheral portion 47 of disc
44 such that each of such bipolar pernmanent magnets defines an annul ar
sector 52, the angle [err] at the center of which has an identical val ue
for each of the angular sectors 52. - 18 - - .. In the present
docunent, annular sector will refer to the surface bounded by two radii
originating froma single point and by two circular arcs, both centered on
such poi nt, thehceatgr of whdchwd sciidantircadr ¢ Bdien g rasleh at)cfatedcm&ne of

the two radishe;nbf tﬂf W'c%g@%&f}r 't*igﬁshegg t%ﬁbesé’mg’ll% Iaanhhe cent

has the value of 36[¢€ rotor S perpe Iar
to the rot- ragpéﬁré¥|QaQEEQfC§9EhSrb96r b%8-1 ocated in a general rotor
pl ane 56 between the first and second stator planes 6 and 10. The contour

of the first stator hole 31 effected . in the first principal stator part 4
defines a first §3ppetfcond principal stator .part 166 is formed by .

a body 176 and by a ring 200 joined together by a neck
170 forming a third principal magnetic pole 202. 'Riné
200 has an outer diameter substantially identical to the
diameter of the multipolar permanent magnet 180, the
interior opening of such ring 200 serving at least to pass
the rotor shaft of such electromagnetic transducer.

As in the first émbodimen;'of the invention, the resp-
ective first and second: principal stator parts 164, 166
and the multipolar permanent magnet of the rotor have a
planar structure and define three neighbouring and parallel
planes, the plane of the multipolar permanent magnet 180
being'between the two other planes..

Referring.now to figures 7 and 8, there will be des-
cribed hereinafter a third embodiment of an electromagnetic
transducer according to the invention.

This electromagnetic transducer comprises a stator
210 comprising a first .stator part 212 defining a first
stator hole 214 and first and second principal magnetic
poles 215, 216, each of such two principal magnetic poles
having the form of a butterfly wing terminated by a
magnetic. contact lug 218. ‘Entirely as in the two
embodiments of the invention described hereinbefore, the
first stator hole 214 comprises a central region 220 and
a peripheral region 222 in which the contour of the first
stator hole 214 defines a first gapped circular crown 224.
Such first gapped circular crown 224 is again formed by
first and second regularly gapped crowns 226, 228, such
two regularly gapped crowns being sepaiated from one another
by first and second intermediate slots 230, 232.



cfrcular crown 60 |ocated in the peripheral region 35 of such first
stator hole 31. . Such first gapped circular crow 60 is formed by
first and second regularly gapped crowns 62, 64 separated from one anot her
by first and second internediate slots 66, 68. The first and second

regul arly gapped circular crowns 62, 64 1gach are formed by an altern-
ation. of castellations 70, 72 and slots 74, 76 |located between two
adj acent castellations of a common regularly. gapped crown. The first
principal stator part 4 of stator 2 defines first and second princi pal
magneti c poles 8 nsul ated f

, 8 netic- ally.i r one anot her by neans of
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neighbouring the first intermediate slot 230 and in the
region neighbouring the second intermediate slot 232.

Given- that the multipolar permanent magnet 238
comprises twenty pairs of axially oriented magnetic poles
240, the castellations of the first and second regularly
gapped crowns 226, 228 define an anglé at the center of
18°. In order best to utilize the usefui volume of the
multipolar permanent 'magnet 238, 'the two castellations
242 and- 244 defining the second intermediate slot 232 are
of reduced dimension in a manner such that the second
intermediate slot 232 is, together with the second isthmus
236,  sufficient. .for insulating the first and second
principal magnetic polés 215 and 216. The two castellations
242 and 244 thus define an angle at the center smaller
than " the angle at the center defined by the other
castellations. In the example given in figure 7, the two
castellations 242 and 244 define an angle at the center
of about 14°. This special structure of the first gapped
circular crown. 224 enables having a maximum number of
.castellations defining' secondary magnetic poles through
which passes the mutual coupling flux of the multipolar
permanent magnet 238 and windings '246, 247. Such a
structure thus enables to achieve a maximum magnetic
coupling between the multipolar permanent magnet and the

winding.

Such electromagnetic transducer also comprises a second
principal stator part 248 comprising' a central body 250
terminated at one end by two magnetic contact 1lugs 252



90. Such second principal stator part 8 further conprises a body 92 coupled
to the annular portion 88 by neans of a neck 91, such body 92 being
terminated by two magnetic = . - 13 contact lugs 93 and 94. Castellations
96 projecting fromthe outer edge of the annular portion 88 forma second
gapped circular crown 98 basically supejgﬂfed_onto the first gapped
circular crowm 60 of the first principal Sstator part 4. Each of the
castellations 96 of the second gapped circular crown 98 defines an annul ar
sector the angle a‘at the center of which is identical with the angle at

the center of a el t|o 70, 72 of the first .gapped circu]ar, crown 60.
The second {:6 edrroﬁﬂ Ycoﬁpﬂaﬁ?t&%n Erglé?‘ FOLLRIERT akilegs 96
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di sc 44 neighbouring the internal edge 260 of the magnetic flux
collector ring 254. The castellations of such second gapped
circular crown 258 define third secondary magnetic poles.
The projection of the second gapped circular crown 258
on the general plane 264 of the second principal stator
part is identical to the projection of the first gapped
circular crown 224 onto the first stator plane 265 of the
first principal stator part. However, given that the first
~and second principal stator parts 212 and 248 .ﬁossess a
relatively large superposition surface other than the
surface of the castellations of the first and second gapped
circular crowns 224, 258, the thickness of the greater
part of castellations 262 of the second gapped circular
crown 258 is greater than the thickness of the magnetic
flux collector ring 254. The greater part of castellations
262 projects out of the general plane 264 in which is basic-
ally comprised the second principal stator part 248 in
the direction of the general rotor plane 266 in which
is located the multipolar permanent magnet 238 of this
electromagnetic transducer, parallel to the general plane
265, the end of such castellations 262 defining a second
stator plane 268 parallel to the plane 266 of the multipolar

permanent magnet 238.

It will be noted that for reasons of clarity only
the multipolar permanent magnet 238 and an axis of rotor
269 have been shown on figures 7 and 8. '

It will also be noted that a compact structure similar

- to that of the second embodiment of the invention describéd
hereinbefore is obtainable without more in a wvariant of
this third embodiment of an electromagnetic transducer:



of rotor 38 is basically superinposed onto the peripheral region 35 of the
first stator hole 31 in which is located the first gapped circular crown
60. In order to force the magnetic flux produced by one or the other of the
two wi ndings 28 or 29°to pass through the magnetic pole pairs 50 of rotor
38, it is provided that the superpositicoddl “regi on between the first and
second principal stator parts 4 and 8 is basically defined by the
castellations 70, 72 and 96 of the respective first and second gapped
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Referring to figures 9 and 10, ihere will be described
hereinafter’ a fourth embodiment of the electromagnetic

transducer according to the invention.

This electromagnetic transducer comprises a stator
272 ‘including first and second principal stator parts 274,
276. In this embodiment the electromagnetic transducer
comprises four principal magnetic poles. Effectively,
the first and second principal stator parts 274, 276
respeétively define first and second, .then third and fourth
principal magnetic poles, 278, 279 and 280, 281.

The stator 272 of this electromagnetic transducer
is located basically in two parallel general planes 306
and 308, the multipolar permanent magnet 284 of the rotor
being located in a general rotor plane 310 in between these
two general stator planes. Again, for reasons of clarity,
only the multipolar permanent magnet 284 and an axis of
the rotor have been shown in figures 9 and 10. In the
variant of the fourth embadiment here described, the first
principal stator part 274 is entirely identical to the
second principal stator part 276. Each of these principal
stator parts 274, 276 defines a stator hole 286 comprising
a gapped circular crown 288 in its peripheral portion.
Such gapped circular crown 288 is formed by two regularly
gapped crowns 290, 292, the castellations of which define
respectively first and second and third and fourth secondary
magnetic poles. Such regularly gapped crowns 290, 292
are magnetically’ insulated from one another by means - of
isthmuses 294 and 296 located in the region of intermediate
slots 298 and 300 separating the two regularly gapped crowns



85 which is located in the central region of a narrow band 106. Thus, the
quantity of magnetic flux able to pass directly fromthe principal
stator part 4 to the second principal stator part 8 w thout traversing

mul ti pol ar permanent nmagnet 48 of rotor 38 is negligible. In order to

el i m nate any superpositional region other than the castellations 70, 72 of
the first principal stator part 4 between the first and the second
principal stator part, it is possible +@2provide a gap in the place of the
second magnetic insulation isthnmus 85 and the narrow band 106 as is the
case in the second enbodi nent of the invention described in connection with
figure 6. It wll also be noted that the first nagnetic insulation isthnus
84 may be repl aced a _gap in another variant of this enbodi ment. The
eIectronagn%g@ca%¢a%§aucer descri bed herei nbefore has two principal _
magnetic circuits. The first and second principal nmagnetic circuits are
respectively forned by fir t and_ second netic flux QU|dance | egs, the
first and second B%i ﬁ%F‘B&F r’rgﬁneqﬁ?tpo?’égagSurEQ ade ¥951d apads

regul arly gpﬁp@dlgabv\ma@ﬁetﬁé alsolmnisl ae bwa@iﬁﬂdla:lafllq-f I ideRpTed i gg&ﬁf g
per manent R 0 sec ped circul an crown an
finally the Sg €r|%%§% ?gl&g %%E%% 4) %§¢% magpesLc %&gﬁeﬂ%%ﬁﬁﬁﬁ§ 70,

72 legs 312 314, each bearlng a winding 316, /318.

In the variant here described, the multipolar permanent
magnet comprises thirty pairs of axially oriented magnetic
poles. In order to avoid leakaée fields between the first
and the second principal stator parts 274 and 276, the
greater portion of castellations 302 of the gapped circular
crown 288 projects out of the respective general planes
306, 308 of the réspective principal stator parts 274,

- 276 in the diréction of the intermediate plane 310 in which
is located the multipolar permanent magnet 284, the ends
of such castellations 302 defining first and second stator
planes 312, 314 parallel to the general rotor plane 310.



of* the first and second regul arly gapped crowns 62, 64 respectively form
first and second secondary magnetic poles 110, 112. In the sane manner,
castellations 96 of the second gapped circular crown 98 of the second
principal stator part 8 formthird secondary magnetic: poles 114. In the

el ectromagneti c transducer described her bef ore, In, g t hat
t he angul ar separation between two cast e?]13 ations 70, ” 'ﬂ"l"tlme"mgm tive
first and second regularly gapped crowns 62, 64 is equal® t& thice the val ue
~of angle [eCLRIMSi | e the angul ar separation between - 15 - a
~castellation 70 of the first regularly gapped crown 62 and a castellation
72 of the second regularly gapped crown 64 is equal to an integer tines
angle [err] plds a/2. ThﬁieCﬁﬁ@maan%ES@etr@m$@ncam)qﬁmmrmsimgst regul arly
~gapped crown 62 |s SURerlQset OVer asgortjq 0F10|?7;fﬁ%819p£-§_sz.ﬁé| t]I,,}g,e nQéwer
castel |l ations this first reqgular crown _ar

super posed Bﬁttécncﬁ']t‘ﬁ‘ p%‘l”e@,a‘b‘?reth%gﬁul(ﬂlzpoﬂg*r petdanth? i neédrRet et ) aandg
them whil eaealr<f @hﬂl@watpl beatens pa2tof(4;her ecope2f el | de SAPRRY
crown 64 is S%PGQRP

stator hole (31; 214; 286) having a central region
(34; 220) and a peripheral region (35; 222) surrounding
said central region, the contour of said first stator hole
defining within said peripheral region a first gapped circ-
ular crown (60; 224; 288) located in a first stator plane
- (6; 265; 312) and formé& of castellations (70, 72; 242,.
244; 302) separated by slots (74, 76, 66, 68; 230, 232);
and _ : .

- a rotor (38) having a rotation axis (42) substant-
ially perpendiculaf to said first stator plane and traver-
sing said central region of said first séator hole, such
rotor including an even number -greater than two of bipolar
permanent magnets (50, 186; 240) each defining a pair of
magnetic poles arranged on either side of a general rotor
plane (56; 266; 310) substantially perpendicular to said
rotation axis so that the magnetic axis defined by each
pair of magnetic poles has an orientation substantially
parallel to said rotation axis (42) and opposed to that
of the magnetic axes defined by the adjacent pairs of mag-
netic poles, said pairs of magnetic poles being at least
partially arranged facing at least a superposition portion
of said castellations;

- - first and second windings (28, 29; 181, 182;
246, 247; 316, 318) mounted respectively on said first
and second magnetic flux guidance legs (12, 13; 178, 179;
'312, 314); such electromagnetic transducer being character-
ized in that said stator comprises a second principal stator
part (8; 166; 248; 276) having a superposition portion
arranged to face said pairs of magnetic poles and defining
a second stator plane (10; 268;'314) substantially parallel
to said first stator plane, said superposition portions



equally over a north pole and a south pole of the nmultipolar pernmanent
magnet 48 facing it. A possible operation of the ele ' cer

descri bed herei nabove is as follows: the first w nding ' It
alternately with the second wi nding 29. Wien a wi ndi ng” lmﬁlj‘ % li zed,
the nultipolar permanent magnet 48 of rotygr 38 will a c I'rs

50 with the castellations of the principal mnmagnetic circuit. to which
such wi ndi ng bel ongs. Thus, in a stepFi ng node of operation _of such

el ect ronagnetfi csatd awosliedlatione anct vt eprédt Segondt RTEICkRAbuUgR Bor
angl e [e”]rgﬂa?rtat peasl SiSfectivdle ¢asaref the mul kipetarsimINgha48on
havi ng ten gnetic pole_pairs 50, rotor 38 effects one revolution every

20 steps. | t REcORFodtiifit off $aEd| FRARGIn SEREPFbRILARSG vi F218pobEESkage
40 | n4\3/hi fch gﬁrwiga& | staRYAt 9erth o AERTL 160 fe%:ystbyanay séccm@rrpi:emiizgéfhfe
cage of rotor 38 conprises.a first rt ( med , hy tt.

circul ar fofMASRRFLE I%‘?E?sdl ?a}&u 8324,18%611ch1 ’gegﬁé’f gljtghe%iégnpﬂgs)l n@n‘g
second part sk3@ i sekwddngpeidmipaw Bltandrcypamndedefidiaxghi dtt ilegsdn openi ng
130 in its lateral rf a | apnge; d32. eni 1364y provi ded
in order totg‘é'rrrﬁflt pggaggﬁg%o%t%ghg?zg ME 'anlzcggl' f%?sc’e t%ragﬁémgs%l[%n

pi ni on first and second magnetic flux guidance legs magnetically

and';espectively coupling said first and second principal
'magnetic poles with said second principal stator part.

2. ' Electromagrietic_- transducer according to claim
1, ch_aracteriied in that. at least a portion of said first -
gapped circular crown (60;-224; 288) 1is arranged to face
said second principal stator part (8; 166; 248; 276).

3. Electromagnetic transducer according to claim
2, characterized in that said bipolar permanent magnets
(50; 186; 240) are arranged substantially in a ring and
form a multipolar permanent magnet (48; 180; 238; 284)
of planar structure located in said general rotor plane
(56; 266; 310), said central and  peripheral regions of
said first stator hole (31; 214; 286) being respectively
circular and annular.

4. Electromagnetic transducer according to any
of claims 1 to 3, characterized in that each of said bipolar
permanent mégnets (50; 186; 240) defines an annular secto:
(52) the angle (o) at the center of which has a value sub-
stantially egqual to the value of the angle at the center
of the other annular sectors. '

5. . Electromagnetic transducer according to any
of claims 1 to 4, characterized in that said first gapped
circular crown (60; 224; 288).is basically formed.by first
and second regularly gapped crowns (62, 64; 196, 198; 226,
228; 290, 292) separated from one another by first and



186. The first part 120 of cage 40 of the rotor conprises - 16 on its
| ateral surface on the side of the free end a gapped trownr 46-the

castellations 142 of which correspond to slots 74; 7
circular crown 60 and to the two |nterrred|_ate slots aﬁ w S
provided in the castellation correspondin to the in 68 for

neck 91 of the second principal stator” such sl ot being deeper than
the other slots of the gapped crown 140 of such first part 120 of cage 40
whi ch have gedepéh inﬂenquﬂaﬁengslotsrmxGau cléBess230, t R82f;i r 298 pr 300 pal

chd O 1 ngetissSaledlatioRSTEt Ldd NESRERRAL HIEs€Nnk] BBt R es ThE
t er mi nat ed b&aalgaﬁﬁ@@a@wﬁprM$ deﬁpnengnﬁ@ﬁ@epﬁlgamﬁﬁr%ﬁoandLﬂEQﬁndthe
first part 1gQoghathe magaggaco Rfles L1 6ASE P2 L Ak holS 19448 gddia AApRed.

crown 146 o spondlng to the si'6ts of ga pped . cro
140 of the cpngﬂ-egaltp 264 grespectifteorfitgfe 74 aSREAREr PF3AF PRt mag-

castel | atiopge142p8nds 1480 veg2; 188, 190; 215, 216; 278, 279).

6. Electromagnetic transducer according to.claim
5, characterized' in that two adjacent castellations of
said respéctive first and second regqularly gapped crowns
(62, 64; 196, 198; 226, 228; 290, 292) are angularly separ-
ated from one another by twice said value of said angle
(¢) at the center, while a castellation of said first regqul-
arly gapped crown is anguiafly separated relative to a
castellation of said second regularly gapped crown by an
angle the value of which is equal to a positive integer
rimes said value of said angle (@) at the center plus half

the value of the said angle to the center.

7. Electromagnetic transducer according to any
of claims 1 to 6, characterized in that said second stator
part (8; 166; 248) comprises a body (92; 176; 250) extended
by two magnetic contact lugs ((93, 94; 252).

8. '~ Electromagnetic transducer according to claim
7, characterized in that said body (176) is magnetically
coupled by a neck (170) to a magnetic flux collector rihg
(200) comprising said superposition portion of said second
principal stator part (166).

9. Electromagnetic transducer according to claim
7, characterized in that said body (92) is magnetically
coupled to an annular portion (88) by a neck (91), a second
gapped circular crown (98) being provided on the outer
edge of said annular portion, such second gapped circular
crown and a portion of said neck (91) comprising said super-
position portion of the second principa; stator part (8),



be fitted i
150 .is prov
cage, such
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nto one another. It wll be further noted that an inpression
the rotor
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i mpressi-on corresponding to the contour of the second
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ereinafter a second enbodi nent of an el ectrdmadgneti c*trans~

ding to the invention. The~s€&tor 162 of this el ectromagnetic

conprises first and second principal stator parts 164, 166.
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superpositi

tor part 164.

on‘surface w h principa

Secondly, such first principal.

10. ° Electromagnetic transducer according to claims
5 and 8 or 9, characterized in that an isthmus (84) and
a magnetic insulation gap (168) of said first and second

principal magnetic poles are provided respectively in

the region of the first intermediate slot (197) and 1in
the region of the second intermediate slot (199), said
neck (91) for the second principal stator part (166) having
no superpostion portion with the first principal stator
part (164). '

11. Electromagnetic transducer according to any
of claims 3 to 10, characterized in that said first and
second principal stator parts (4, 8; 164, 166) are entirely
plaﬂar and respectivgly located against said first and

- second statér planes (6, 10).

12. Electromagnetic transducer according to any
of claims- 1 to 6, characterized in that said second princ-
ipal stator part (248; 276) comprises, a magnetic flux coll-
ector portion defining a second stator hole (255) and compr-
ising said superpoéition region of said second principal

stator part.

13. Electromagnetic transducer according to claim
12, characterized in that the contour of said second stator
hole (255) defines a second gapped circular crown (258},
the castellations of such second gapped circular crown
being basically superposed onto said castellatioﬁs of said
first gapped circular crown (224) and exhibiting an angular
distribution substantially identical to such latter castell-

ations.

The



stator part 162 is characterized by the fact that—ts—two magnetic contact
lugs 172, 173 are located in a region which nei ghbours and opposes the
region in which is |ocated body 176 of the seconaiimumluumuﬁlﬂ part 168
relative to the nultipolar permanent nmagnet 180 reasons
of clearness of the drawing only the nultipol ar per manent nagnet of the
rotor has been drawn on figure 6). The two principal stator parts 164 and
166 are coupled to one anot her by nmeans2of-legs 178, 179 in the formof an
arc of a circle. This special configuration of stator 162 gives the :

el ectromagneti,c transdugg for e ngt h of
w ndi ngs 18t114 “182. In%a éﬁ?%%ﬁ%%%%%g(ﬁ%#%%ﬁkéﬁ%o%e% g#éﬁoHQQGEf g
partlcularﬂ@,apﬁhéﬁﬁpﬁﬁélFéﬁ alpot¥raom@iidki §§c@nLel BFLRELPalar gbatotti -
pol ar per ngaest MEONEti §89aa§ca§1§hqoea%edheinﬁ aTeen@%tll plraq{@r(ﬁﬁgﬁnent
magnet 180 in this se enbodi nment |ncludes thirt airs of axia

‘ori ented p&Pés 1565t@g£ﬂtb‘?n§u&? p§R&dpaFrSoife ‘?cféfgerﬁo GLiZFuldent FEavn

annul ar segirerechdaign,odtheofi rssickstgémerdhr plana diefi 8re fdisdctans sgeond
pri nci pal 188, 190 coupl ed magnetically and

ol es -
respectlveﬁﬁ ogFPF§Fla%8ESECBﬁﬁn§econdary magneti c poles 192, 194
respectively defined by the castell -

15. Electromagnetic transducer according to any

of claims 12 to 14, characterized in that said second
principél stator part (276) defines a fourth principal
" magnetic pole (281), 'said third and fourth principal
magnetic poles (280, -281) being magnetically coupled to
said first and second magnetic £ lux gﬁidance legs (312,314).

16. Electromagnetic transducer according to claims
14 and 15, characterized in that said first and second
principal stator parts (274, 276) are identical.

17. Electromagnetic transducer according to any
of the preceding claims, characterized in that said number
of bipolar permanent magnets (186) of said rotor is eéual
to thirty.



atifons of first and second regularly gapped crowns 196, 198, such first
and second regul arly gapped crowns bei ng separated from one another by
first and second internediate slots 197, 199. As in the first variant, each
of the cast- ellations of these two regularly gapped crowns defines an
annul ar sector the angle at the center of which is identical to the angle.
at the center defined by annul ar Sector?/iz which are located pole pairs
186 of the nulti- polar permanent magnet /180. The slots separating the’ .
cast- ellations of each of these two regularly gapped crowmns 196 and 198
al so defi ne annul ar sectors the angle at - 18 - the center of
which is identical to the angle at the center defined by the castellations
of these first and second regul arly gapped crowns 196, 198. The second
principal stator part 166 is formed by a body 176 and by a ring 200 joi ned
together by a neck 170 formng a third principal magnetic pole 202.
Ring 200 has an outer dianeter substantially identical to the dianmeter of

the multipolar prtjan?nt nagnet 180, t he
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interior opening of such ring 200 serving at least to pass the rotor shaft
of . such el ectromagnetic transducer. As in the first enbodi nent of the
|nvent|on the resp- ective first and second principal stator parts 164,
166 and the nultipol ar pernmanent nmagnet of the rotor have a planar
structure and define three nei ghbouring and parallel planes, the plane of
the mul ti pol ar permanent magnet 180 bei ng between the two ot her pl anes.
Referring now to figures 7 and 8, there ang’Bé des- cribed hereinafter a
third enbodi mnent of an el ectromagnetic transducer according to the
invention. This el ectromagnetic transducer conprises a stator 210
conprising a first stator part 212 defining a first stator hole 214 and
first and second principal magnetic poles 215, 216, each of such two
princi pal magnetic poles having the form of a butterfly wng
termnated by a magnetic contact * lug 218. Entirely as in the two
enmbodi nrents of the invention described hereinbefore, the first stator hole
214 conprises a ceptral region 220 and a peripheral region 222 in which the
contour of the fir@# at hol e 214 defines a first gapped circul ar crown
224. Such first gappedciicular crown 224 is again formed by first and

second regul arly gapped cromw,?+2290 2%3_ %6 35 60 72

N

%

98

774

his'Sheet Has Been Replaced

- ||II ML




two regul arly gapped crowns bei ng separated fromone another by first and
second ‘i nternedi ate slots 230, 232. - 19 - First and second i sthnuses
234, 236 serving to insul- ate magnetically the first and second principal
magnetic poles 215 and 216 are respectively provided in the regions

nei ghbouring the first and second internediate slots 230, 232. It will be
noted that the structure of the first stator part 212 is substantially
simlar in the region neighbouring the first internediate slot 230 and in
the regi on nei ghbouring the second |nternqyéaye slot 232. Gven that the
mul ti pol ar permanent rmagnet 238 conpriseS twenty pairs of axially
oriented magnetic poles 240, the castellations of the first and second
regul arly gapped crowns 226, 228 define an angle at the center of 18[err]."
In order best to utilize the useful volune of the nultipolar permanent
magnet . 238, the two castellations 242 and 244 defining the second

I nternedi ate slot 232 are of reduced dinmension in a manner. such that the
second internediate slot 232 is, together with the second i sthmnus

Fig. 5
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236, sufficient for insulating the first and second principal
magneti c poles 215 and 216. The two castellations 242 and 244 thus define
an angle at the center smaller.than the angle at the center defined
by ‘the other castellations. In the exanple given in figure 7, the two
castel lations 242 and 244 define an angle at the center of about 14[err].
This special structure of the first” gapped circular crown 224 enabl es
havi ng a.nmaxi num nunber of castell ations defining secondary magnetic pol €s
t hrough whi ch passes the nmutual coupling flux of the nultipolar pernmanent
magnet 238 and w ndings 246, 247. ufh - a structure thus-enables to
achi eve a maxi mum magnetic coupling between the nultipol ar pernmanent magnet
and the wi nding.” Such el ectromagnetic transducer also conprises a second
principal stator part 248 conprising a central body 250 term nated at one
end by two magnetic contact |ugs 252 - 20 - and at the other end by a
magnetic flux collector ring 254 defining a second stator. hole 255.
Such ring 254 '

Fig. 6
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defines a third principal magnetic pole 256. A second gapped
circular crowm 258 is provided in the annul ar regi on nei ghbouring the
internal edge 260 of the magnetic flux collector ring 254. The
“castellations of such second gapped circular crown 258 define third
secondary magnetic poles. The projection of the second gapped circul ar
crown 258 on the general plane 264 of the second principal stator part is
identical to the projection of the first gapped circular crown 224 onto the
first stator plane 265 of the first priqsupq* stator part. However, given
that the first and second principal stator/ parts 212 and 248 possess a.
relatively |l arge superposition surface other than the surface of the
castellations of the first and second gapped circular crowns 224, 258,
the thickness of the greater part of castellations 262 of the second
gapped circular crown 258 is greater than the thickness of the magnetic
flux collector ring 254. The greater part of castellations 262 projects
out of the general plane 264 in which is basic- ally conprised the second
principal stator part 248 in the direction of the general - rotor plane
266 in which is d-ocateedythe nultipolar permanent nmagnet 238 of this

el ectromagnetic trfard chz parallel to the general plane 265, the end

of such castell ations~262 defining a second

2718 228 224 230 234 __2/4" 238 210 272
| 256
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: | ect Has Been Reilaced

T



stator plane 268 parallel to the plane 266 of the nmultipolar pernmanent
magnet 238. It will be noted that for reasons of clarity only the

myl ti pol ar permanent magnet 238 and an axis of rotor 269 have been shown on
figures 7 and 8. It will also be noted that a conpact structure simlar to
"that of the second enbodi ment of the invention described hereinbefore is
obtainable without nore in a variant of this third enbodi nent of an

el ectromagneti ¢ transducer 21 acqord%hg"fo the invention. Additionally,
i n anot her enbod- inment of the invention, it is provided that the nagnetic
flux collector ring does not include a gapped circular crown, such
ring being then partially superposed with the nmultipolar pernanent magnet
238. Referring to figures 9 and 10, there will be described hereinafter a
fourth enbodi nent of the el ectromagnetic transducer according to the

I nvention. This el ectromagnetic transducer conprises a stator 272 including
first and second principal stator parts 274, '

Fig. 8
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276. In this -enbodinent the electromagnetic transducer conprises

four principal nagnetic poles. Effectively, the first and second
pgincipal stator parts 274, 276 respectively define first and second, then
third and fourth principal nmagnetic poles, 278, 279 and 280, 281. The

stator 272 of this electromagnetic transducer is |ocated basteatHy—intwo

paral l el general planes 306 and 308, the | ti pol ar pernmanent nagnet 284

of the rotor being located in a general rd&fpi/ plane 310 in bt S eplaced
two general stator planes. - Again, for reasons of clarity, on

mul ti pol ar permanent magnet 284 and an axis of the rotor have

figures 9 and 10. In the variant of the fourth enbodi nent here descri bed,
the first principal stator part 274 is entirely identical to the second
princi pal stator part 276. Each of these principal stator parts 274, 276
defines a stator hole 286 conprising a gapped circular crown 288 in its
peripheral portion. Such gapped circul.ar crown 288 is formed by two
regul arly gapped crowns 290, 292, the castellations of which define
respectively first 'gsegand and third and fourth secondary magnetic

Yy “9

poles. Such regul apped crowns 290, 292 are magnetically
I nsul ated from one another by neans of isthnmuses 294 and 296 | ocated in
the region of internediate- _ 272 '
' N N
312 ‘ 374
; 274 276 @

- 286

290- -2792

376 -302

-318




sl ots 298 and 300 separating the two regul arly gapped crowns - 22 - 290
and 292. The respective first and fourth and second and third princi pal
~magnetic poles are magnetically coupled by neans of respective first
and second magnetic flux guidance |egs 312, 314, each bearing a w nding

316, 318. In the variant here describgﬁpg§a§gnultipolar per manent nagnet
conprises thirty pairs of axially ori gnetic poles. In order to

avoi d | eakage fields between the first and the second principal stator
parts 274 and 276, the greater portion of castellations 302 of the gapped
circular crown 288 proj et SECTROMAGNETIOETRRNPBUCEReWIEHeAal pl anes 306,

the internediate planc 310 MOWFIEALRS PRRARNENT @t bol'ar per manent
magnet 284, the ends of such castellations 302 defining first and second
stator pl anes 312, 314 parallel to the general rotor plane 310.

The invention discloses a reversible two-phase electro-
mechanical transducer comprising a stator '(2) extending
primarily over three levels and a rotor (38) including
a multipolar permanent magnet (48) located between  first
and second principal stator parts (4, 8). The first stator
part defines a stator hole and first and second principal
magnetic poles (80, 82) magnetically coupled to secéndary
magnetic poles formed by the castellations (70) of a circ-
ular gapped crown located on the edge of the stator hole.
The second principai stator portion defines at . least one
third principal magnetic pole (90), such second principal
stator portion being magnetically coupled to each of the
first and second principal magnetic poles by means of resp-
ective first and second magnetic flux guidance legs (12,
13), each bearing an energization winding (28, 29).

Figure 1’




CLAI MS 1. ! El ectronmgnetic transducer conprising: - a stator (2
162; 210; 272) conprising two mag- netic:flux guidance legs (12, 13; 178,
179; 312, 314) and a first principal stator part (4; 169; 212; 274)
defining a first stator hole (31; 214; 286) having a central region (34;
220) and a peripheral region (35; 222) surroundi ng saigRlagemant| Sheeki on, the
contour of said first stator hole defining within salﬁlépéwm region a
first gapped circ- ular crown (60; 224; 1288 Iocated ina first stator

pl ane (6; 265; 312) and forned of castellat] Ferre 2l 2 244 302)
separated by slots (74, 76, 66, 68; 230, 23
having a rotation axis (42) substant- ially i
stator plane and traver- sing said central |egj AImYE) salmgtdr ttoqiagéd)r
hol e, such rotor including an even nunber g HEHAWINgEY) tpaged ﬁlmbgmg@d
permanent magnets (50, 186; 240) each deflmﬂg"'iﬁdp%tlr mgMQnﬁllﬁgw_l__gs
arranged on either. sideg of a general rotor plane (56; 266; 310) .

substantially pe icular to saldrotatldnmm@pml ) ¢ aXi
defined by each paiegdof magneti c poles has a r'@
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parallel to dai d rotation axis (42) and opposed to that of the magnetic
axes defined by the adjacent pairs of mag- netic poles, said pairs of
magnetic poles being at least partially arranged facing at |east a

superposition portion of said castellations; - first and second
w ndings (28, 29; 181, 182; 246, 247; 316, 3#8)1acEhiit €leet

. respectively on said first and second nagnetic fIU@WMQ 2' n"q'@gEegs (12,
13; 178, 179; 312, 314); such electromagh&ic tran el ng character-

ized in that said stator conprises a second principal stator part (8;

166; 248; 276) having a superposition portion arranged to face said
pairs of magnetic poles and defining a second stator plane (10; 268; 314)
substantially parallel to said first stator plane, said superposition
portions -24 of said castellations and of said second principal stator

. part being respectively located on a first side and on a second side of
sai d general stator plane, said first principal stator part defining first
and second princip in@neBic pol es (80, 82; 188, 190; 215, 216; 278, 279)
and .
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sai d second ﬁrincﬁbal stator part defining at |east one third principa
magnetic pole (90; 202; 256; 280), said first and second magnetic fl ux
gui dance | egs. magnetically and respectively coupling said first and second
~ principal magnetic poles with said second principal stator part. 2.
~ Electronmadnetic transducer according to claim 11, charapllacemedti Shicdeat at

| east a portion of said first gapped circul ar cromni!EGiJﬁZiilE@&ﬁ I's
arranged to face said second princi pal stgéor part (8; 166; 248; 276).
El ectromagnetic transducer according to im2, characterized in that
sai d bipolar permanent nmagnets (50; 186; 240) are arranged substantially
inaring and forma multipolar permanent magnet (48; 180; 238; 284) of
pl anar structure |located in said general rotor plane (56; 266; 310), said
central and peripheral regions of said first stator hole (31; 214; 286)
bei ng respectively circular and annul ar. 4. El ect romagneti c
transducer according ‘to any of clains 1 to 3, characterized in that each
of said bipolar permanent magnets (50; 186; 240) defines an annul ar sector
(52) the angle ([err]) at the center of which has a value sub- stantially
equal to the val ue of tppiérg?g at the center of .the other annular sectors.
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5. Electrdhagnetlc transducer according to any of clains 1 to 4,
characterized in that said first gapped circular crown (60; 224; 288)-
basically formed by first and second regul arly gapped crowns (62, 64; 196
198; 226, 228; 290, 292) separated from one another by first and second

internediate slots (66, 68, 230, 232; 298, 300) rebig-cmdst edHeat i ons
of said respective first and second reg- uIarIy gappe ‘tﬁg§g§§§§¥%¥573
respective first and second secondary nmagfgtic poles (110; 194)
magnetically coupled to said respective first and second princi pal nmag-
netic poles (80, 82; 188, 190; 215, 216; 278, 279). 6.

El ectromagnetic transducer according to claimb5, characterized in that two
adj acent castellations of said respective first and second regul arly gapped
crowns (62, 64; 196, 198; 226, 228; 290, 292) are angularly separ- ated
fromone another by #w ce said value of said angle ([err]) at the center,
while a castellatio qg;sa4§ first regul- arly gapped crown is angularly

- separated relative to castellation of said second regularly gapped crown
by an angle the value of which is equal to a positive integer
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times said value df said angle (a) at the center plus half the value of the
said angle to the center. 7. El ectromagnetic transducer according
to any of clainms 1 to 6, characterized in that said second stator part (8;
166; 248) conprises a body (92; 176; 250) extended by two magnetic contact
lugs ((93, 94; 252). 8. El ectromagnetic transduger an%roiq
claim7, characterized in that said body (176) is nagnet éﬁﬁg@.ﬁag
neck (170) to a magnetic flux collector ring (200) CONPreéitia-2aate
superposition portion of said second prgssci pal stator part (166). 9.
El ectromagnetic transducer according to claim7, characterized in that said
body (92) is magnetically coupled to an annular portion (88) by a. neck
(91), a second gapped circular crown (98) being provided on the outer edge
of said annul ar portion, such second gapped circular crown and a portion of
said neck (91). conprising said super- position portion of the second
principal stator part (8), -26- the angular distribution of the
castellations (96) of said

Fig. 7.
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second gapped circul ar crown being substantially identical to the angul ar
distribution of said castellations (70, 72) of said first gapped circular
crown (60).; 10. El ectromagnetic transducer according to clains 5
and 8 or: 9, characterized in that an isthnmus (84) and a magnetic insulation
gap (168) ‘of said first and second principal nmagnet Replpalea®ent @Eheet

provi ded respectively in the region of the first intaendilataodedt (197)
and in the region of the second internedigig slot (199), sal d neck (91) for
the second principal stator part (166) having no superpostion portion
with the first principal stator part (164). 11. . Electromagnetic
transducer according to any of clains 3 to 10, characterized in that said
first and second principal stator parts (4, 8; 164, 166) are entirely

pl anar and respectively | ocated against said first and second stator planes

(6, 10). 12. El ectronagnetic transducer according to any of -
clains 1 to 6, characterized in that said second princ- ipal stator part
(248; 276) conprises,a magnetic flux coll- ector portion defining a second

stator hol e (255) andeP r-E}sing sai d superposition region of said second
princi pal stator part. ty-
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13. électﬂonagnetic transducer according to claim 12, characterized
in that the contour of said second stator hole (255) defines a second
gapped circular crown (258), the castellations of such second gapped
circul ar: crown being basically superposed onto said castellations of said
first gapped circular crown (224) and exhibiting an a 1aterfbn®! Shdstl i on

- substantially identical to such latter castell- ations( 16 dguly /1996M4.

El ectromagnetic transducer according to74 ai m 13, characterized i1n that

. said second principal stator part (276) is basically |located in a general
 plane (308), said castellations of said second gapped circular crown

" projecting out of such general plane in the direction of said general rotor
pl ane. 15. El ectromagnetic transducer according to any of clains
12 to 14, characterized in that said second principal stator part (276)
defines a fourth . principal ragnetic pole (281), said third and fourth

. principal magnetic poles (280, 281) being nmagnetically coupled to

Fig. 9
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said first ald second nagnetic flux guidance legs (312,314). 16.
El ectromagnetic transducer according to clains 14 and 15, characterized in
that sai.d first and second principal stator parts (274, 276) are identical.

17. +* . 'Electromagnetic transducer according to any of the precedlng
clainms, characterized in that said nunber of bipol ar ReglaRReaR ,
- (186) of said rotor is equal to thirty. ( 16 July 19961_
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