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DESCRIPTION 

The present invention concerns an electromagnetic 
transducer having a multipolar permanent magnet. More 

· specifically, the present invention concerns a three-phase 
transducer with a multi polar permanent magnet exhibiting 
x pole pairs, X J::>eing an even number greater than two, 
such three-phase transducer being capable of use as a rever­
ible electromagnetic transducer. 

The electromagnetic transducer of the present invention 
is adapted to be used as a motor in numerous applications, 

. . 
· for example for driving discs, reels or cassettes in the 
informatic or in the audiovisual domains. One can .also 
use such electromagnetic transducer for driving the hand 
of an analog indicator such as a speedometer in an automob­
ile or in an electronic watch. 

In the case of the electronic ~atch, there is generally 
employed an electromagnetic motor with a bipolar permanent 
magnet operating in a stepping mode, the rotor effecting 
a rotation of 180° per step. If the watch includes a 
seconds hand and the frequency of the steps is 1 Hz, it 

. . 
is_ then necessary. to have a reduction by a factor of 30 
between th~ rotor of the motor and such hand. The rotation 

180° per step thus necessitates a of the rotor through 

gearing system serving 

about losses of energy 

for such reduction 

essentially due to 
generates a relatively substantial noise. 

which brings 

friction and 

In a general manner, in order to obtain a quasi cont­
inuous stepping rotation with a ·bipolar permanent magnet, 
it is necessary to increase the frequency of operation 
of the motor and to provide a reduction mechanism between 
the rotor of such· motor and the arrangement driven by such 
motor. This inevitably brings about additional energy 
losses and an increase in the costs of manufacture. 
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Electronic transducers according to the prior art are 
disclosed in documents US-A-4 922 145 and EP-A-0 458 056. 

A purpose of the present invention is to provide an 
electromagnetic transducer enabling a stepping operation 
with a small angular displacement of the rotor per step. 

A second purpose of the invention is to pr·ovide such 
an electromagnetic transducer capable of being easily 
miniaturized for a relatively low cost while possessing 
a good energy yield. 

Finally, a third purpose.of the invention is 
such an electromagnetic transducer exhibiting 
structure which assures a good yield relative to 
~nergy and the volume of said transducer. 

to provide 
a compact· 

the useful 

The present invention thus has as objective an 
electromagnetic transducer comprising a stator and a rotor 
mounted to rotate relative to the stator, said rotor being 
adapted to spin around a rotation axis, defined .bY a 
positioning axle of such rotor, and including a multipolar 
permanent magnet which defines a rotor plane perpendicular 
to said rotation axis and is formed by a set of rotor pole 
pairs arranged in a circular manner about said rotation 
axis, the number of such rotor pole pairs being even 
and greater than two, each rotor pole p~ir having a magnetic. 
axis oriented · along the direction of said 
rotation axis with a sense opposite to that of the adjacent 
pole pairs and defining an angle a 
relative· to said rotation axis the 

in said rotor pla~e 

value of which is 
equal to 360° divided by said number of rotor 

pole pairs, said electromagnetic transducer being 
characterized in that it includes N magnetic energization 
means respectively associated with N magnetic flux guidance 
bran_ches, N being an integer greater than two, and in that 
it comprises first and second principal stator parts and, 
the first principal stator part defining N principal 
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magnetic poles magnetically insulated from one another 

by zones of high magnetic reluctance and comprising a 
first superposition portion superposed onto said multipolar 
permanent magnet relative to a projection thereof in said 
rotor plane, each of such principal magnetic poles 
comprising at least one secondary magnetic pole, which 
is at least partially superposed onto said said multipolar 
permanent magn_et relative to a_ projection thereof in sai¢1 
rotor plane, said secondary magnetic poles 

defining a first stator plane parallel to said rotor plane, 
each secondary magnetic pole defining in said first stator 
plane ·an angle relative to said rotation axis the value 
of which is substantially equal to that of said angle 
a, each secondary pole of each of said principal magnetic 
poles being angularly shifted relative to each secondary 
pole of each of the two adj acei:it principal magnetic poles 
and relative to said rotation axis by. a deviation angle 
the value of which, modulo the value of said angle a. is 
equal to· said value of such angle a. divided by N, said 
second principal stator part defining a magnetic return 
pole a second superposition portion of which is superposed 
onto said multipolar permanent magnet relative to a 
projection thereof in said ro~or plane, such second 
superposition portion ';defining a second stator 
plane parallel to said rotor plane, . said first and second 
stator planes being located on either side of said rotor 
plan~, each of said magnetic flux guidance branches having 
a first end magnetically coupled to a different said 
principal mag~etic pole and a second end magnetically 
coupled to said return pole. 

According to an additional characteristic of the trans­
ducer according to the invention, each of said principal 
magnetic poles of said first principal stator part comprises 
at least two secondary magnetic poles the adjacent secondary 
magnetic poles belonging to a common principal magnetic 
pole being angularly shifted relative to one another in 
said first stator plane and relative to said rotation axis 
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through an angle the value of which is substantially equal 

to twice the value of said angle ~. 

According to another characteristic of the transducer 

according· to the invention, the first and second principal 

stator parts respectively comprise first and second portions 

not superposed onto said multipolar permanent magnet relat­

ive to a projection thereof in said ·rotor plane, such 

first and se~ond non-s~perposed portions being respectively 

located in first and second general planes 

·parallel to one another. Furthe·rmore, the magnetic flux 

guidance branches are located in the region comprised bet­

ween such first·and second general planes. 

According to a specific embodiment of the invention, 

the first or the second principal stator part is entirely 

planar. 

In a principal embodiment of the invention, the return 

magne.tic pole of said transducer belonging to the second 

principal stator part also comprises secondary poles super­

posed relative to a projection in said rotor plane at least 

partially onto said secondary poles of the first principal 

stator part and at least partially onto said multipolar 

permanent magnet, the secondary poles of the second stator 

part having an angular distribution in said second stator 

plane relative to said rotation axis identical 

to that of the secondary poles of the first principal stator 

part. 

According to specific embodiments of the transducer 

according to the invention, each secondary magnetic pole 

of the first principal stator part and/or of the second 

principal stator part is formed either by a different tooth 

from a circular crenellation, or by a different tooth coupl­

ed to other teeth of a common principal pole by a stiff en­

ing bridge or again by a summit of ·an undulation forming 

an annular section, such summit being located on the side 
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of said multipolar permanent magnet relative to a median 

plane of the surface of such undulation. 

Next, according to specific characteristics of the 

invention, the first superposition portion and/or the second 

superposition portion present(s) at least partially an 

overthickness in the direction of the mµltipolar permanent 

magnet relatively and respectively to the first general 

plane and/or to the second general plane of the stator 

or is at least partially dished in the direction of the 

multipolar permanent 

to the first general 

plane of the stator. 

magnet relati~ely and respectiv~ly 

plane andi or to the second general 

Thanks to the characteristics of the invention des­

cribed hereinbefore, the various purposes of the invention 

are attained. 

Other characteristics of the invention will be forth-. 

coming in a ·still better manner upon reading the fol.lowing 

description made having reference to the attached drawings 

considered as non-limiting, and in which : 

Figure 1 is a top schematic view of a first 

embodiment of an electromagnetic transducer according to 

the invention; 

figure 2 is a cross-section of figure 1 along 

the section line II-II; 
figure 3 is a top schematic view of a second 

principal stator part of said first embodiment; 
figure 4 shows a variant of the first.embodiment 

of an electromagnetic transducer shown on figure 1 in 

accordance with the invention; 

figure 5 is a · cross-sectional view of figure 

4 along the section line V-V; 
figure 6 · is a top schematic view of a second 



:: - 6 -

principal stator part of _said variant shown on figure 4; 
figure 7 shows the second ·principal stator part 

of a second embodiment of the transducer according to the 
invention; 

figure 8 is. a cross-section view of figure 7 · 
a~ong the section line VIII-VIII; 

figure 9 is a top view of a second principal 
stator part of a third embodiment of a transducer according 
to the invention. 

In referring hereinafter to figures 1· to 3, there 
will be described a first embodiment of an electromagnetic 
transducer according to the invention. 

Such electromagnetic ·transducer comp~ises a stator 
2 and a rotor 4 mounted to rotate relative to such stator 
2. Such rotor 4 comprises a posi1::ioning axle 6 which 
defines a rotation axis 8 and a multipolar permanent magnet 
10 which defines a rotor plane 12 perpendicular. to the 
rotation axis 8. The . mu.ltipolar permanent magnet 10 is 
formed by a set.of_ rotor pole pairs 14 exhibiting a magnetic 
axis 16 substantially parallel to. the rotation axis 8 of 
the rotor. 

It will be noted that the sense of the magnetic axis 
16 of a rotor pole pair is of the opposite sense to the 
magnetic axis of the two adjacent rotor pole pairs. The 
number of rotor pole pairs composing the multipolar perman­
ent magnet 10 is an even number greater than two. The 
rotor pole pairs are arranged in a circular m~nner about 
the rotation axis 8. 

In the present embodiment, the multipolar permanent 
magnet 10 exhibits the form of a ring, comprising 20 rotor 
pole pairs 14, a· non-magnetic disc 18 being arranged at 
the center of such ring and mounted on the positioning 
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·axle 6 of· rotor 4 in a manner such that the multipolar 

permanent magnet 10 is fixed to the positioning axle 6. 

It will be noted that the positioning axle 6 of rotor 

4 can be rotatively mounted relative to stator 2, for 

example with the help of a positioning cage (not shown) 

or by any other assembly means of a . transducer rotor, in 

particular for a motor as known to persons skilled in the 

art. 

In the first embodiment shown on figure 1 , each of 

the rotor pole pairs 14 defines in the rotor plane 12 a 

common angle a relative to the rotation axis 8 of the 

rotor. Thus, in this first embodiment, angle a is equal 

to 360° /20 = 18°. It will however be observed that the 

angle a defined by a rotor pole pair can encompass a 

non-magnetized portion located between two rotor pole pairs 

14. 

Stator 2 comprises a first principal stator _part 22 

and a second principal stator part 24. The first principal 

stator part 22 is located in a first general plane 26 while 

the second principal stator. part 24 is lc:>cated in a second 

general plane 28 .of the transducer. Such two general planes 

26 and 28 are situated on either side of the rotor plane 

12. 

The first stator part 22 defines three principal 

magnetic poles 30, 31 and 32. Such three magnetic poles 

are magnetically insulated from one another by necks 34, 

35 and 36, such necks exhibiting high magnetic reluctance. 

Each of the principal poles 30, 31 and 32 comprises at 

least one secondary magnetic pole 38. Here it will be 

noted that the term pole always corresponds to a magnetic 

pole in the present description. Additionally, a pole 

is materialized by a region of a part which defines it. 

In this first embodiment, each of the principal poles 
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comprises three secondary poles 38. Each secondary pole 
38 is formed _by tooth 40 extending from the expansion 42 
of the corresponding principal magnetic pole in the 

direction of the rotation axis 8. The set of teeth 40 
forms a first circular crenellation 44 the castellations 

of which are formed by teeth 40. Such first circular 

crenellation 44 is arranged in a manner such that teeth 
40 are at least partially superposed onto the multipolar 

permanent magnet 10 relative to a projection thereof in 
the rotor plane 12. 

The set of· secondary poles 38 defines ·a first stator 

plane 46, such sta~or _plane 46 being parallel _to the rotor 

plane 12. Each of teeth 40 forming secondary poles 38 
defines an angle in the stator plane 46 relative to ·the 
rotation axis 8 equal to the angle a defined by each of 

the rotor pole pairs 14 of the multipolar permanent magnet 

10. Thus, each of the teeth defines an angle at the axis 

of rotation 8 equal to 18° in such first embodiment of 
a tran.sducer according to the invention. 

Each of the castellations formed by a tooth 40 is 
separated from the two adjacent castellations "by two· 
embrasures SO. The angle formed by the embrasures 
separating two teeth of a common principal magnetic pole 
30, 31 or 32 defines in the first stator plane ~6 relative 
to the rotation axis 8 an angle equal to the angle a defined 
by each of teeth 40 and by each of the rotor pole pairs 
14 of the multipolar permanent magnet 10. 

On the other hand, each of teeth 38 belonging to a 
common principal magnetic pole 30, 31 or 32 i~ angularly 

shifted relative to a secondary pole belonging to an adjac­
ent principal magnetic pole by an angle the value of which, 

modulo the value of angle a, is equal to the value of 
such angle a divided by the number of phases of the 
transducer, namely three phases ·in the first embodiment. 
By the expression, modulo the value of angle a , there 
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is understood the result of the integral division by the 

value of angle a. Thus, in the case of the first 

embodiment here shown, the angular shift between a tooth 

40 belonging to a first principal magnetic pole and a tooth 

40 belonging to an adjacent principal magnetic pole ·is 

equal to an integral number of times 18° plus 6°. There 

results from this configuration that the embrasures 

separating two teeth 40 belonging to different principal 

magnetic poles define in the first stator plane 46 relative 

to the rotation axis 8 an angle the· value of which modulo 

the value of angle a is also equal to 6°. 

\.___,.- Each of the three principal magnetic poles 30, 31 

or 32 respectively comprises a fastening lug 54a, . 54b or 

54c. Each fastening lug 54a, 54b or 54c enables assuring 

respectively magnetic contact with a first end SSa, SSb 

or SSc of a magnetic flux guidance branch 56a, 56b or 56c 

on which is respectively assembled a· windi'ng SB a, 58b or. 

sac. 

On figure 3 is shown a top view of the second principal 

stator part 24. Such second principal stator part 24 

defines a single return magnetic· pole . 60. Such return 

magnetic pole is defined by an annular portion 62 and by 

a second circular· crenellation 64 substantially identical 

to the first circular crenellation 44. Such second circul­

ar crenellation 64 includes teeth 66 also defining second­

ary magnetic poles 68, the set of teeth 66 defining the 

secondary poles 68 defining a second stator plane 70. 

Such second stator p~ane 70 is situated on the other side 

of the first stator plane 46 relative to the rotor plane 

12. In a preferred manner, the distance separating the 

second stator plane 70 from the rotor plane 12 is substant­

ially equal to the distance separating such rotor plane 

12 from the first stator plane 46. 

Teeth 66 of the second circular cr.enellation 64 are 

at least ·partially superposed onto the multipolar permanent 
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magnet 1 0. The castellations formed by teeth 66 of the 
second circular crenellations 64 as well as the embrasures . 
separating such castellations show an angular distribution 
in the second stator plane 70 relative to the rotation 
axis a identical to said angular distribution of the first 
circular crenellation 44 of the first stator part 22. 

In order to force the magnetic flux generated by any 
of the windings saa, sab and sac to be propagated through 
the rotor pole pairs 14 of the multipolar permanent magnet 
10, the circular crenellation 66 shows an over-thickness 
in the direction of the rotor plane 12 relative to the 
rest of the second principal stator part 24 located in 
the second general plane 2a of such transducer. It will 
be noted that it has been provided that the region exhibit­
ing the over-thickness is entirely comprised in superpos­
ition relative to· the rotor plane 12 with.in the circular 
opening 74 on the interior· of which is formed the first 
circular crenellation 44 of the first stator part 22. 
The second principal stator part 24 further comprises three 
fastening lugs 78a, 7ab and 7ac, each of such lugs being 
respectively coupled to a second end 79a, 79b or 79c of 
a different magnetic flux guidance branch S6a, S6b or S6c. 

The transducer according to the invention 
figures 1 to 3 defines three principal magnetic 
each of such circuits being associated with a 
winding Saa, Sab or Sac. Additionally, each 

shown on 
circuits, 

different 

of such 
principal magnetic circuits is magnetically uncoupled from 
the two other principal magnetic circuits. Each principal 
magnetic circuit is formed by a different principal magnetic 
pole 30, 31 or 32, by the magnetic flux guidance branch 
56a, 56b or S6c coupled to such principal magnetic pole 
as well as by the return pole defined by the second 
principal stator part 24. It will be noted that the struct­
ure of the transducer according to the invention shows 
the advantage of being little sensitive to external magnetic 
fields. 
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Given the configuration of teeth 40 of the first 
circular crenellation 44 as well as the corresponding 
configuration of teeth 66 of the second circular crenellat­
ion 64, such transducer may easily function in a stepping 
mode. It will be noted that it is possible with a multi­
polar permanent. magnet comprising twenty pairs of magnetic 
poles to effect sixty steps per revolution of rotor 4 in 
any given sense. 

The three phase configuration of the transducer accord­
ing to the first embodiment of the invention thus enables 
effecting sixty steps per revolution with the help of a 
multipolar .magnet 10 comprising only twenty. rotor pole 
pairs 14, each having a magnetic axis oriented coaxially 
to the ro~ation axis 8. In the case in which the transduc­
er is used in order to advance the seconds hand in a time 

' 
counter, the transducer according to the first embodiment 
of the invention described hereinbefore enables advancing 
such hand ·easily with a frequency of 1 Hz by direct drive. 

It will also be noted that the transducer according 
to the .first· embodiment of the invention exhibits a compact 
structure from which there results a minimum space occupat­
ion. Next the central positi~n of the rotor relativ~ to 
the stator gives rise to a maximum of space available for 
the multipolar permanent magnet 10. 

Referring hereinafter to figures 4 to 6, there will 
be described a variant of the first embodiment of an 
electromagnetic transducer according to the invention. 

The references already discussed i.n detail in the 
first embodiment described hereinbefore will not be again 
discussed for the description of such variant. 

Initially, it will be noted that the configuration 
of the magnetic flux guidance branches 56a, 56b and 56c 
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exhibit the form of an arc of a circle as do windings 58a, 
58b and sac assembled on such magnetic flux guidance 
branches. 

Next, there has been 
80 which is non-magnetic 
arranged between the first 

provid~d a stabilization ring 
and preferably non-conducting 
principal stator part 22 and 

the second principal stator part 24 ~ · As seen on figure 
5, such stabilization ring 80 is maintained fixed relative 
to a lateral displacement thanks to teeth 66 forming the 
secondary pole 68 of the return pole 60. Effectively, 
teeth 66 belonging to the second principal stator part . .· 
24 have been dished towards the multipolar permanent magnet 
10 relative to the second general plane 28 in which is 
basically located the second principal stator part 24. 
The difference in level brought about by such dishing 
enables the wedging of the stabilization ·ring 80. Such 
stabilization ring 80 serves as an inset piece between 
the two principal stator parts 22 and 24. It thus serves 
to maintain a fixed distance separating the two principal 
stator parts 22 and 24. 

On figure 4, it will be observed that teeth 40 form­
ing the secondary poles 38 of a common principal pole 30, 
31 or 32 belonging· to the first principal stator part 22 
are coupled among themselves by a stiffening bridge 84. 
Thus, teeth 40 form the risers of windows 86, such windows 
86 corresponding substantially to the embrasures of the 
first embodiment of the invention described with the help 
of figures 1 to 3. In a preferred manner, the stiffening 
bridge 84 is thin ·between teeth 40 forming a neck at the 
limit. 

It will be noted that the angular distribution in 
the first stator plane 46 of teeth 40 forming the secoridary 
poles 38 of the first stator part 22 and windows 86 is 
respectively identical to the angular distribution of the 
castellations and the embrasures of the first embodiment 
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described with the help of figures 1 to 3. 

It will be further remarked that in a preferred manner, 

the three stiffening bridges 84 are not superposed onto 

the multipolar permanent magnet 10 relative to a projection 

thereof in the rotor plane 12 •. 

In a manner similar to the first stator part 22 of 

the variant here described, the second stator part 24 

of such variant represented on figure 6 comprises a circular 

stiffening bridge 88 coupling the teeth 66 defining the 

secondary poles 68 of the return pole 60. Again, teeth 

66 form risers of a set of windows 90 arranged in a circular 

manner about the rotation axis 8. The angular distribution 

of tee.th 66 forming the secondary pole 68 of such variant 

is identical to the angular distribution of teeth 66 of 

the first embodiment of the second . princiJi>al stator part 

shown on figure 3. 

Referring hereinafter to figures 7 and 8, there will · 

be described a second embodiment of an electromagnetic 

transducer according to the invention. 

Such second embodiment of .a transducer according to 

the invention differs from the first embodiment by the 

form of the second principal stator part 24 and by the 

formation of the secondary poles 68 of the retu~n pole 

60 formed by such second principal stator part . 24 shqwn 

on figure 7. Such second stator part 24 exhibits in its 

central region an undulated annular region hereinafter 

referred to as the circular undulation 98 being developed 

around the rotation axis 8 of rotor 4 (not shown on figure 

7). Such circular undulation 98 exhibits substantially 

the form of a ring defining a circular opening 100 centered 

on the rotation axis 8. 

The circular undulation 98 is formed in a manner such 

that the summits 104 of such circular undulation 98 situat-
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ed at the side of the multipolar permanent magnet 10 (not 
shown on figure 7) relative to a median plane 102 from 

the surface of such . undulation 98 define the secondary 
poles 68 of the return magnetic pole 60. Next, the.second 

stator plane 70 defined substantially by the set of summ~ts 
104 of the circular undulation 98 is located at the side 

of the multipolar permanent magnet relative to plane 106 

defined by the surface 108 of such second principal stator 

part 24 outside the undulation 98. 

Again, the summits 104 forming the secondary poles 

68 show an angular distribution identical to the secondary 
poles 38 of the first embodiment of the invention. Next, 

such summits 104 are at least partially superposed onto 
said multipolar magnet and onto said secondary poles of 

the first stator part 24 (not shown on figure 7) relative 
to a projection thereof in said rotor plane 12. 

It will be noted that in a variant (not shown) of 
thi_s second embodiment of a transducer according to the 

invention, there is provided an undulation similar to that 

described hereinbef ore for the secondary magnetic poles 
38 of a common principal pole 30, 31 or. 32 belonging to 

the first principal stator part 22 (with reference to figure 

1). In this variant, three undulated annular sections 
are provided, each of such three undulated annular sections 

belonging to a common principal magnetic pole of the first 
principal stator part, the summits of the undulation located 
at the side of the multipolar permanent magnet 1 0 (with 
reference to figure 1 ) defining the secondary poles 38 
of such first principal stator part. 

Referring hereinafter to figure 9, there will be des­

cribed a third simplified embodiment of the second principal 

stator part 24. 

In this simplified embodiment, return pole 60 defined 
by the second ·principal stator part 24 no longer comprises 
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secondary poles,. Only a filled-in ·annular portion 112 

the surface 1i4 of which is located in a plane different 

from the complementary surface 116 of the second principal 

stator part 24 is provided. 

The surface 114 of annular portion 112 defines a se.cond 

stator plane which is located at the side of the multipolar 

permanent magnet (not shown in figure 9) relative to 

surface 116 of the complementary portion ·of the second 

principal stator part 24~ 

In a general manner, it will be noted that the.embodim­

ent chosen for the first principal stator part can be ind­

ependent of the ·embodiment chosen for the second principal 

stator part. Next, the configuration of the magnetic flux 

guidance branches 56a, 56b.and 56c as well as their arrange­

ment may exhibit multiple variants. 

It will be further noted that in a simplified embod­

iment the first and second principal stator parts can be 

entirely planar. -In such case it is possible to provide 

a configuration in which the superposition region between 

the two principal stator parts is minimal outside the region 

of the muitipolar permanent-magnet, this in order to dimin­

ish as far as possible the losses of magnetic flux • 

Finally, it will be noted that the invention described 

herein with the help of a three-phase transducer can, with­

out further invention, be applied to a transducer comprising 

more phases, in particular to a five-phase transducer. 
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Electromagnetic transducer comprising a stator 

a rotor { 4) mounted to rotate relative to the 

stator, said rotor being adapted to spin around a rotation 

axis (8), defined by a positioning axle (6) of such rotor, 

and including a multipolar permanent magnet (10) which 

defines a rotor plane ( 12) perpendicular to said rotation 

axis and is formed by a set of rotor pole pairs { 14) 

arranged in a circular manner about said rotation axis, 

the number of such ·rotor pole pairs { 14) being even and 

greater than two, each rotor pole pair· having a magnetic 

V axis ( 16) oriented along the direction of 

said rotation axis (8) with a sense opposite to that of 

the adjacent pole pairs and defining an angle <X in said 

rotor plane relative to said rotation axis the value of 

which is equal to 360° divided by said number 

of rotor pole pairs, said electromagnetic transducer being 

characterized in that it includes N magnetic energization 

means (58a, 58b, 58c) respectively associated with N 

magnetic flux guidance branches ( 56a, 56b, 56c), N being 

an integer greater than two, and in that it comprises first 

and second principal stator parts ( 22 and 24), the first 

principal stator part ( 22) defining N principal magnetic 

. '\..J 
poles (30, 31, 32) magnetically insulated from one another 

by zones of high magnetic reluctance (34, 35, 36) and compr-

ising a first superposition portion superposed onto said 

multipolar permanent magnet relative to a projection thereof 

in said rotor plane ( 12), each of such. principal magnetic 

poles comprising at least one secondary magnetic pole (38), 

which is at least partially superposed onto said said multi­

polar permanent magnet (10) relative to a projection thereof 

in said rotor plane, said secondary magnetic poles 

defining a first stator plane ( 46) parallel 

to said rotor plane, each secondary magnetic pole defining 

in said first stator plane an angle relative to said 

rotation axis the value of which is su.bstantially equal 

to that of said angle a , each secondary pole of each of 
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said principal magnetic poles being angularly shifted 

relative to each secondary pole of each of the two adjacent 

principal magnetic poles and relative to said .rotation 

axis by a deviation angle the value of which, modulo the 

value of said angle a. is equal to said value of such angle 

a. divided by N, said second principal stator part (24) 

defining a magnetic return pole (60) a second superposition 

portion of which is superposed onto said multipolar 

permanent magnet relative to a projection thereof in said 

rotor plane ( 12) , such second superposition portion 

defining a second stator plane (70) parallel 

l_; to said rotor plane, said first and second stator planes 

being located on either side of said rotor plane, e·ach 

of said magnetic flux guidance branches having a first 

end ( 55a, SSb, SSc) magnetically coupled to a different 

said principal magnetic pole and a second end ( 79a, 79b, 

79c) magnetically coupled to said return pole~ 

2. T·ransducer according to claim 1 , characterized 

in that each of said principal magnetic poles (30, 31, 

32) of said first principal stator part (22) comprises 

at least two secondary magnetic poles ( 38), the adjacent 

secondary magnetic poles belonging to a common principal 

magnetic pole being angularly shifted relative to one 

another in· the first stator plane (46) and relative to 

said rotation axis (8) through an angle the value of which 

is substantially equal to twice the value of said angle 

a • 

3. Transducer according to claim 2, characterized 

in that said first and second principal stator parts ( 22 

and 24) respectively comprise first and second portions 

which are not superposed onto said permanent magnet 

relative to a projection thereof in said rotor plane (12)# 

such first and second non-superposed portions being 

respectively basically located in first and second general 
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planes ( 26 and 28) paralle.l to one another, said magnetic 
flux guidance branches (56a 56b, 56c) being basically 

located in the region comprised between such first and 
second general planes, each of said magnetic energization 

means (58a, 58b, 58c) being formed by a coil on a different 
said branch. 

4. T.ransducer according to claim 2 or 3, character-
ized in that said first principal stator· part (22) is 

entirely planar and located in said first general plane 
(26). 

5. Transducer according to claim 2 or 3, character-

ized in that said first superposition portion of said first 
principal stator part (22) exhibits at least partially_ 

an over-thickness relative to said first general plane (26) 
in the direction of sa·~d multipolar permanent· magnet ( 10). 

6. Transducer according to claim 2 or 3, character-
ized said first superposition portion of said first 

principal stator part ( 22) is at least partially dished 
relative to said first general plane (26) in the direction 
of said multipolar permanent magnet (10). 

\_,,. 7. Electromagnetic transducer according to any one 
of claims 2 to 6, characterized in that said secondary 
pole·s ( 38) of said first pr;i.ncipal stator part ( 22) are 
formed by the teeth (40) of a first circular crenellation 
( 44). 

8. Transducer according to any one of claims 2 to 
6, characterized in that the secondary poles (38) belonging 

to a common principal magnetic pole (30, 31, 32) of said 
first principal stator part ( 22) are formed by teeth ( 40) 

coupled among themselves by a stiffening bridge ( 84) so 
as to define at least one window (86). 
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9. Transducer according to claim 2 or 3, character-

ized in that the first superposition portion of said first 

principal stator part (22) is undulated, each of said 

secondary magnetic poles (38) of such first principal stator 
. . 

part being formed by a summit of such undulated super-

position portion, such summit being located at the side 

of said multipolar permanent magnet (10) relative to a 

median plane of the surface of such undulated first 

superposition portion, such latter forming N undulated 

annular sections, each of such undulated annular sections 

belonging to a different principal magnetic pole ( 30, 31, 

32). 

10. T·ransducer according to any one of claims 2 to 

9, characterized in that said second superposition portion 

defines a filled-in annular portion ( 112) of said second 

principal stator part {24}. 

11 • T.'ransducer · according to any one of claims 2 to 

9, characterized in that said return magnetic pole ( 60) 

of. said second principal stator· part ( 24) also includes 

secondary poles ( 68) superposed relative to a projection 

thereof onto said rotor plane ( 12) , at least partially 

onto said secondary poles ( 38) of said first principal 

\..J stator part (22) and at least partially onto said. multipolar 

permanent magnet (10), the secondary poles (68) of the 

second principal stator part having an angular distribution 

in said second stator plane (70) relative to said rotation 

axis ( 8) identical to that of the secondary 

poles (38) of the first principal stator part. 

12. Transducer according to claim 11, characterized 

in that said first and second superposition portions are 

entirely superposed onto one another relative to a 

projection· thereof onto said rotor plane (12). 

13. Transducer according to claim 11 or 12, charact-
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erized in that said secondary poles ( 68) of said return 
magnetic pole (60) are formed by the teeth (66) of a second 
circular crenellation (64). 

14. Transducer according to claim 11 or 12, charact-
erized in that said secondary poles ( 68) of said return 
magnetic pole ( 60) are formed by teeth ( 66) coupled among 
themselves by a circular stiffeni.ng bridge ( 88) in a manner 
to define a set of windows (90) circularly arranged around 
said rotation axis (8). 

15. T·ransducer according to any one of cl.aims 10 to 
14, characterized in that said second superposition portion 
of said second principal stator part (24) exhibits at least 
partially an over-thickness in the direction of said 
multipolar permanent magnet ( 10) relative to said second 
general plane (28). 

16. T'ransducer according to any one of claims 10 to 
14, characterized in t~at said second superposition portion 
is at least partially dished in the direction of said 
multipolar permanent magnet ( 10) relative to said second 
general plane (28). 

17. Transducer according to claim 12 or 13, charact-
erized in that said second superposition portion 
exhibits an undulation ( 98) , each of said secondary poles 
( 68) of said return magnetic pole ( 60) being formed by 
a summit (104) of such undulation, such summit being located 
on the side of said multipolar permanent magnet ·(10) 
relative to the median plane ( 102) of the surface of such 
undulation (98). 

18. Electromagnetic transducer according to any one 
of claims 1 to 17, characterized in that it comprises a 
stabilization ring ( 80) arranged between said first and 
second principal stator parts (22 and 24). 
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19. Transducer according to any one of the preceding 

claims, characterized in that it is of the three-phase 

type, N being equal to 3. 


