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D Abstract : .paged ••..•.. to paged .•••.•• 
ELECTROMAGNETIC TRANSDUCER 

PERMANENT MAGNET 

The present invention concerns an electromagnetic 

transducer with a multipolar permanent magnet. More specif­

ically, the present invention concerns a two-phase trans­

ducer with a multipolar permanent magnet having N pair~ 

of poles , · N bein9 an . even . number great~-~. than 2 , adapted 

to be used as a reversible.electromechanical transducer • 

. The electromagnetic transducer of the present invention 

is capable of use as a motor in· numerous applications, · 

for example drives for discs, windings 

the inf orma tic or audio-visuai domains.· 
or cass.ettes in 

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 

emp~oyed 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 stepping 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 through 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 tiecessary to· increase the operating .f-requency 

of the motor and consequently the reduct;i..o{l. -·pow~ b~t~~e.~ 

the rotor of such m~~or..\ iria the _-·?~~d.· ~\.f.-. ~.iJ'··. i:~eir~ ta'fi~rf 
• ·f?. ~. . .. . . . ' " 

leads to additional energ¥ · l<?~~e~~~~:i~:~!-~~df..~~~~~-~ori~;t~~:. 
the timekeeping· movement_,~ ~sl!c1~11~f~i!f.tas'f.!as'.: ... ~Fie'?_e 
concern the dimensioning of the driving ·ge'a·ts. :, ;1 .. ' . 

·· ilff1~·i~--~r:--
......... 
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On the other hand, a multipolar motor showing a suffic­

ient number · of pole pairs enables reducing the energy 

losses, indeed the number of transmission g.ears· and it 

renders possible an almost continuou's displacement of the 

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 magnetized multipola_r pe~manent. 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 p~rts. 

The two stator parts coupled respectively to the first 

and to the s~cond winding are profiled in a manner such 

that they fit into one another and that, when the first 

stator part · is superposed on the south poles located on 
one of the two halves of the multi polar permanent magnet, 

the second stator part is superposed over the north poles 

of the ~ame 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 variant, 

on the face· of the permanent magnet opposed 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. 
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This motor exhibits the following disadvantages: 

the two corresponding principal stator parts. 

fitted· into one another require· a delicate ·adjustment. 

Additionally, they· are . not. appropriate for a high number 

of poles.· Next, a relatively substantial gap must be prov-
. . 

ided between such two parts located in a common plane in 

view of the magnetic potential difference between such 

two parts when the corresponding winding is energized •. 

In the first variant, 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

circui ts 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 lowering the yield of the motor. 

Finally, such disc increases the .inertia of the rotor. 

without increasing its useful volume. 

In the second variant, the problem of positioning 

the rotor permanent magnet anrl the increase in inertia 

are partially 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 magnet. 

The stator of this motor is primarily formed by a 

stator part defining a stator hole and four stator poles. 

Two 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 

one another by a second leg bearing a second energization 



- 4 -

winding. The magnetization of the magnetic pole pairs 
of the rotor permanent magnet is axial. 

The permanent magnet of the rotor is located in a 

neighbouring but different plane from the stator plane. 

In order to enable · magnetic coupling between the stator 

poles and the permanent magriet~ 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 is 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 re la ti ve to the secondary poles of ·the second 

principal pol.e energ.lzed by the same winding, whilst being 

a~gularly separa~ed relative to the secondary ·poles of 
the· other two principal poles magnetically ·coupled to the · · 

other winding by a whole number plus · one half of rotor 

poles. 

This special configu:r:;-ation of the secondary poles 

enables operation at 60 steps per revolution for a permanent 
magnet possessing thirty pairs of axially arranged poles 

by al tei:nately 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. Initially, in order to permit the return of 

the magnetic flux, a disc of low magnetic relu.ctance is 

applied against the face of the permanent magnet which 

is opposed to the face located facing the stator. In the 

same manner as in . the case of the firsf variant of the 

preceding motor, this plate 

circuits and thus increases 

brings about magnetic short 

the leakage fields of the 



- 5 -

rotor permanent magnet. Additionally, such plate.increases 
the inertia of the rotor. Next, the rotor perm~nen t magnet 
i-s also __ placed in a non-equilibrium position within the 

stator, that is to say, in a position not. corresponding 
to the minimum energy of the stator - rotor system. Thus, 

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 mechanical 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 ins~lated by a relatively large 
gap in view of the magnetic potential difference between 

such two poles when the associated winoing is _energized. 
This diminishes the possible utilization.of the ~agneti~ed 

volume of the rotor permanent magnet. 

The purpose of the present- iz:ivention is :to - over~c;>me 
the disadvantages described hereinabove in providing a 
two-phase multipolar electromagnetic transducer in which 

the position of the rotor permanent magnet corresponds.: 
substantially to a minimum energy position wh~ch is a bal­

anced position of the lat~er within the stator, this 
motor further exhibiting a compac_t conf igura ti on, a very 
good yield -and a relatively low manufacturing cost. -

The present invention thus has as objective an electro­

magnetic transducer compris~ng: 
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 region, the contour of said first 
stator hole defining within said peripheral region a first 
gapped circular crown located in a first stator plane 
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and formed of castellations separated by slots; and 

a rotor having a rotation axis substantially 

perpendicular to said first stator plane and traversing 

said central region of said first stator hole, such rotor 

including an even number greater than two of bipolar perman­

ent magnets each defining a pair of magnetic poles arranged 

on either side of a_ general rotor ~lane 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 superposi ti"on 

portion of said_ castellations; 

first and second windings mounted respectively 

on said ·first and second magnetic flux guidance legs; such 

electromagnetic transducer being characterized in that 

said stator comprises a second principal stator part 

having a superposition portion 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 def iriing first arid second 

principal magnetic poles and said second principal stator 

part defining at least one third principal-· magnetic pole, 

said first and second· magnetic flux guidan·ce legs magnetic­

ally and respectively coupling said first and ~econd princ­

ipal ~agnetic poles with said second principal· stator part. 

In a first specific embodiment of the inven.tion, the 

·bipolar permanent magnets are to the number of N and form · 

. a inultipolar permanent magnet having N identical annular 

sectors, each exhibiting a common central angle a, a bipol­

ar permanent magnet being located in each of such sectors. 
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In the present document, an annular sector .refers 
to the surface bounded by two radii. originating at a common 

point and by_ two circular arcs both centered on this point, 

the ends of the two circular arcs each being located on 
one of the two radii. 

In this first specific embodiment of the invention, 

the first. gapped circular crown is formed from first and 
second :teguiarly · 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 regulai;:ly gapped crowns 
as well as the slots between .the castellations of a common 

regularly gapped crown each define an annular sector having 

an angle a at the center thereof identical to the angle 
a 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 a~ the center, the value of which 

is equal to said central angle multiplied by a whole number 
plus or minus a/2. ·Thus," when the first regularly gapped 
crown has each of its castellations exactly superposed 
onto one 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 an.other by an 
isthmus or gap located in· the region of each of the two 

int~rmediate slots. 

Continuing in this first embodiment, the second stator. 

part is formed by an annular port.ion. and a .body coupled 
thereto by a neck, the body comprising two magnetic contact 
lugs. In the region neighbouring the external edge of 
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the annular portion, there is provided a second gapped 

circular crown, the castellations and slots of which 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, 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 crow~ of the second principal stator 

part superposed onto the . first gapped circular crown of 

the first principal stator p~rt is located on the internal 

edge of the annular 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 ~mbodiments of the invention des­

c~ibed hereinbefore, the castellations of the second gapped 

circular crown of the second principal stator part form 

third secondary magnetic poles, 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 secondary magnetic poles; only a .magnetic flux 

collector ring or disc is provided. 

Finally, in another embodimen:t of the invention,. the 

second principal stator part defines two principal magnetic 

poles, each of such two principal magnetic poles correspond­

ing to a principal magnetic pole of the first principal 

stator part, the two resulting magnetic circuits of such 

electromagnetic transducer being then entirely. magnetically 

uncoupled. 
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There results from such characteristics an electro­
magnetic transducer the rotor multipolar permanent magnet 
of which is placed substantially in a minimum magnetic 
energy position :i;-el~tive to the stator, that is 
in a balanced position. Thereupon, the yield 

to say, 

of such 
transducer is r~ised, being given that the magnetic circuits 
of the transducer traverse the rotor multipolar permanent 
magnet once only in an axial manner, thus limiting the 
gap irt ea~h magnetic circuit of such eiectromagnetic, 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 second princip­
al stator part comprises a second gapped circular crown· 
superposed on_to · ~he , first gapped circular crown of the 
first stator part, the yield of the electromagnetic trans­
ducer according to the invention is further _improved since 
the leakage fields of the rotor multi~olar permanent magnet 
are extremely smal~. 

Other characteristics of the invention will better 
appear upon reading 

made with reference 

the following detailed description 
to the attached drawings w~ich are 

given solely by way of ex~mple and in which : 

Figure 1 is a plan view of a first embodiment 
of an electromagnetic transducer according to the invention; 

figure 2 shows the mul tipolar permanent magnet 
of the rotor of figure 1; 

figures 3 and 4 respectively show the first and 
second principal stator 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 
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third embodiments of an electromagnetic transducer according 

to the invention; 

f iqure 9 shows a fourth embodiment of an electro­

magnetic transducer according to the invention; 

figures 8 and.10 ar~.cross-section views respect­

. ively acco-rding to the section lines VII-I-VIII and X-X 

of figures 7 and 9. 

In ·referring to figures 1 to 5, there will herefn­

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 a·nd a second planar principal 

stator part 8 located against a second stator plane 10 

parallel to the· first plane 6. Stich first. and second pr-inc­

ipal stator parts 4 and 8 are magnetically coupled to one 

another through first and second~ magnetic flux guidance 

legs 12 and 13, each of such legs comprising a core 16-

the respective ·first and second ends 18 and 22 of which 

are terminated by respective 

contact lugs 20, 24. 

first and second magnetic 

The·· respective first· and second magnetic contact 

lugs 20 , 2 4 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 o·f the two cores 1 6 are mounted 
I 

respective first and second windings 28 and 29, · such two 

windings being coupled to an electric ·energization source 

comprising an appropriate control system for the motor 

(not shown). 

The first principal stator p~rt 4 defines a first 
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stator hole 31. The first stator hole 31 comprises a centr­

al region 34 of circular form and a peripheral region 35 

of .annular form. A rotor 38 is mounted in a cage 40 in 

a manner suc:h that the rotational axis 42 of rotor 38 is 

perpendicular to the first and second stator planes 6, 

1 0 and passes through the center· of the central circular 

region 34 of the first stator hole 31. 

Rotor 38 includes a disc 44 comprising a non-magnetic 

central portion 46 of .circular form and an annular peripher­

al po+tion 47 comprising a multipolar permanent ~agnet 

48 including t.en ·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 magn~t could be extended to the center of· the disc. 

The pairs. of magnetic poles· are .axially oriented 1 that 

is to say, along a direction parallel to the rotation axis 

42 of rotor 38. The number of pairs of poles 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 perqianent 

magnets, N being.greater than 2. 

The 

regular 

disc· 44 

defines 

bipolar permanent magnets so are arranged in a 

manner in the annular peripheral portion 47 of 

such that each of such bipolar permanent magnets 

an annular sector 52, the angle a at the. center 

of whi.ch has an identical value for each of the· angular 

sectors 52. 

In the present document, annular sector will refer 

to the surface bounded by two radii originating . from a 

single po~nt and by two circul~r 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 a at the center has the value of 36°. 
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The disc 44 of rotor 38 is perpendicular to the rot­

ation axis 42 of such rotor and located in a general rotor 

plane 56 between the first and second stator planes 6 and 

10. 

The contour of the first stator hole 31 effected in 

the f·irst· 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, 6·8. The first and second regularly 

gapped circ~lar crowns 62, 64 each are .formed by an altern­

ation. of castellations 70, 72 and slots 7 4, · 76 located 

between two adjacent castellations of a common regularly. 

gapped crown. 

The first principal stator part 4 of stator 2 d~fines 

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 res~ectively coupled to the first and second principal 

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 
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con·tact lugs 93 ·and 94. Castellations 96 projecting from 
the outer edge of the · annular portion 88 form a second 

gapped circ~lar crown 98 basically superposed onto the 

first gapped circular crown 60 of the first principal.stator 

part 4. 

Each of the castel la tions 9 6 of the __ second gapped 

circular crown 98 defines an annular sector the angle 

CL 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 an~ 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 4 7 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 flux produced 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 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 circular crowns 60, 98. 

In order to arrange this, neck 91 of ·the second stator· 

part 8 coupling the annular portion 88 to body 92 is the 

only part outside castellations 96 of such second principal 

stator part 8 t<:J be ·partially superposed onto .the first 

principal stator part 4. The superpositional 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 
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in the region of the second magnetic insulation isthmus 

85 ·which is located in the central region of a narrow band 

106. Thus, .the quantity of magnetic flux able to pass 

directly from the. principal stator part 4 to the second 

principal stator part 8 without traversing multipolar 

permanent magnet 48 of rotor 38 is negligible. 

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 8-5 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·second 

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 

Qf the first and second regularly gapped crowns 62, 64 

respectively form first and second secondary magnetic poles 

110, 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 he~ein­

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 
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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 ~imes angle a plus a/2. Thus, 

when .a castellation 70 of the first regularly gapped crown 

62 is superposed over a north pole fac~ng it, all :the other 

castellations of this first regular~y gapped crown are 

also superposed onto north pol.es 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 is energized alternately with the· second winding .29. 

When a winding 28, 29 is energize~, the multipolar_pet:manent 

magnet. 48 of rotor 38 will align the _p9le pairs SO 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 a/2 at each step~ 

In the case of the multipolar magnet 48 having·ten magnetic 

pole pairs SO, rotor 38 effects one revolution every 20 

steps. 

In the embodiment of the i~vention 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 1 20 formed by a bottom 122 of circular form 

and a lateral wall 124, such cage 40 . further comprisin~ 

a second part 126 including a hollow blind cylinder 128 

exhib;i.ting 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 



- 16 -

on .1. ts· late·ral surf ace on the sid~ of the free end a gapped 

crown 140 the castellations 142 of which correspond to 

slots 7 4, 7 6 of the gapped circular crown 60 and to the 

two intermediate slots 66 and 68. A slot is provided in 

the castellation corresponding to the intermediate slot 

68 for neck 91 of the second principal stator part 8, such 

slot being deeper than the other slots of the gapped crown 

1 40 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 it~elf is terminated by a gapped crown 146 

complementary to gapped. crown 1 40 of. the first part 1 20 

of the rotor cage, the castellations 1 48 of the gapped. 

crown 1 46 of end flange 132 corresponding to the slots 

of gapped crown 1 40 of the first part 120. of the rotor 

cage in a manner such that. castellations 142 and 148 In;~Y. 

be fitted into one another. It will be further noted that 

an impression 150 is provided in. the bottom 1 22 of the 

first part 1 20 of the rotor cage, such impression 

corresponding to the contour of the second principal stator 

part which is 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 

distinguished 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 principal stator part 

166 to exhibit no superpos~tion surface with the first 
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principal stator part 164. Secondly, such first principal 

stator part 162 is characterized by the fact that its two 

magnetic contact lugs 172, 173 are located in a region 

which neighbours and opposes the region in which is located 

body 176 of the second pr_incipal stator part 168 relative 

to the multipolar permanent magnet 180 of the rotor (for 

reasons of clearness of the drawing only the multi polar 

permanent magnet of the rotor has been drawn on figure 

6). 

The two principal stator parts 164 and 166 are coupled 

to one another by means ·Of legs 178, 179 in the form of 

an arc of a circle. This spe_cial configuration of stator 

162 gives the electromagnetic transducer 

with a relatively li..igh. length of windings 

a compact form 

181, 182. In 

addition, this configuration of stat9r 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 orient~d poles 186, each 

of such pole pairs 186. defining 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 sec~nd secondary 

magnetic poles 192, 194 respectively defined by the castell­

ations of first and second regularly gapped crowns 196, 

1 98, such first and second regularly gapped crowns being 

separated from ~ne another by first a~d second intermediate 

·~loti 197, 199. As in th~ first variant, each of the ca~t­

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 pol~ pairs 186 of the multi-

polar permanent magnet 180. 

ellations of each of these 

196 and 198 also define 

The slots separating the cast­

two regularly gapped crowns· 

annular sectors the angle at 
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the· center of which is identical to the angle at the center 

defined by the castellations of these first and second 

regularly ga~ped crowns 196, 198. 

The second principal stator ~part 166 is formed by . 

a body 176 and by a ring 200 joined together by a neck 

170 forming a third prin6ipal "magnetic pole 202. Ring 

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 embodimen.t of the invention, the resp­

ective first and s~cond · principal stator parts 164, 166 

and the multipolar permanent magnet of the rotor have a 

planar stru~ture and·define three neighbouring and parallel 

planes, the plane of the multipolar permanent magnet 180 

being between the two other planes. 

Ref erring now to figures 7 and 8, there will be des­

cribed hereinafter a third embodiment of an electromagnetic 

transducer according to the invention~ 

This e·lectromagnetic 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 compris·es 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 ~26, 228, · such 

two regularly gapped crowns being separated from one another 
by first and second intermediate slots 230, 232. 
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First and second isthmuses 234, 236 serving to insul­

ate magnetic~lly the . first ·and second principal mag.netic 

poles 215 and.216 are respecti~ely provided in the regions 

neighbouring the first and second intermediate slots 230, 

232. It will be noted that the structure of the first 

stator part 212 is substantially similar in the region 

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 angle at the center of 

18 °. In order best to utilize the useful volume of the 

multipolar permanent 

242 and· 244 defining 

of reduced dimension 

intermediate slot 232 

magnet ~38, the two castellations 

the second intermediate slot 232 are 

in a manner such that the second 

is, together with the second isthmus 

236, · sufficient .. for insulating the first and second 

principal magnetic 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 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 multi polar 

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 s·tator part 248 comprising a central body 250 

terminated at one end by two magnetic contact lugs 252 
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and at the other end by a magnetic flux collector ring 
254 definin~ a second stator hole 255. ·such ring 254 
defines a third principal magnetic pole 256. A second 
gapped circular_ crown 258 is provided in the annular region 
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 p·rincipal stator parts 212 and 2·4a possess a 
relatively large superposition surface other than the 
surf ace of the castellations of ~he f i~st and secqnd gapped .. 
circular crowns 224, 258, the thickness of the greater 
part of castellations 262 of the second gapped circular 
crown 25.8 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. 

~t will also be noted that a compact structure similar 
to that of the second embodiment of the invention described 
hereinbefore is obtainable without more in a variant of 
this third embodiment of an electromagnetic transducer 
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according to the invention. Additionally, in another embod-: 

iment of the invention, it is provided that the magnetic 

flux collect;or ring does not include a gapped circular 

crown, such ring being then partially superposed with the 

multipolar permanent magnet 238. 

Referring to figures 9 and 10, there 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 prj.ncipal stator parts 274, 

276. In this embodiment th~ electroma~netic transducer 

comprises four principal magnetic poles. Effectively, 

the first and second principal stator parts 274, 276 

respectively define first and second, .then third and fourth 

principal magnetic poles, 478, 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 1 O. In the 

variant of the fourth embodiment 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, 27.6 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 
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290 and 29.2. ·. 

The respective first and fourth and second and third 

principal magnetic poles are magnetically coupled _by 

means of respective first and second magnetic flux guidance 
legs 312, 314, each bearing a winding 316, '318: 

In the va'riant here described, the multipolar permanent 

magnet comprises thirty pairs of axially oriented magnetic 

poles. In order to avoid leakage 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 respective principal sta_tor parts 27.4, 

276 in the direction of the in~ermediate 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. 
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CLAIMS 

1. ~lectromagnetic transducer comprising: 

a stator ( 2; 162; 210; 272) comprising 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; 21-4; 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 formed 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 perpendicular to said first ·stator plane and traver­
sing said central region of said first stator 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 
246~ 247; 316, 318) 

second windings (28, 

mounted · respectively 

and second magnetic flux guidance legs ( 12, 

29; 18t, 182; 

on said first 
13; 178, 179; 

312, 314); such electromagnetic transducer being ~haracter­
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 
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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 def initi.g first and second principal 

magnetic poles (80, 82; 188, 190; 215, 216; 278, 279) and 

said second principal stator part defining at least one 

third principal magnetic pole ( 90; 202; 256; 280), said 

first and· second magnetic flux guidance legs magnetically 

and respectively coupling said first and second principal 

magnetic poles wi~h said second principal stator part. 

2. Electromagnetic· transducer according to claim 

1, characterized in that at least a portion of said first ·· 

gapped circular crown ( 60; 224; 288) is arranged to face 

said second principal stator part ( 8; · 16 6; 2 48; 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 magnets (SO; 186; 240) defines an annular sector 

(52) the angle (a) at the center of which has a value sub­

stantially equal to the value of the angle at the center 

of the other annular sectors. 

S. . 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 f i~st 

and second regularly gapped crowns (62, 64; 196, 198; 226, 

228; 290 I 292) Separated from one another by first and 
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second intermediate slots (66, 68; 230, 232; 298, 300), 

the castellations of said respective first and second reg­

ularly gapped crowns defining respective first and second 

secondary magnetic poles ( 110, 112; 1 92, 194) magnetically 

coupled to said respective first and second principal mag­

netic poles (80, 82; 188, 190; 215, 216; 278, 279). 

6. Electromagnetic transducer according to .. claim 

5, characterized in that two adjacent castellations of 

said respective first and second regularly gapped crowns 

(62, 64; 196, 198; 226, 228; 290, 292) are angularly separ­

ated from one another by twice said value of said angle·· 

(a) at the center, ~hile a cas~ellation of said first regul­

arly gapped crown is angularly separated relative to a 

castellation of said second regularly gapped crown by an 

angle the value of which is equal to a positive integer 

times said value of said angle (a} 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 ring 

(200) comprising said superposition portion of said second 

principal sta~or part (166). 

9. Electromagnetic transducer according to claim 

7, ·characterized in that said body ( 92) is magnetically 

coupled to an annular p_ortion ( 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 principal stator part ( 8}, 
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the angular distribution of the castellations (96) of said 

second gapped circular crown being substantially identical 

to the angular distribution of said castellations (70, 

72) of said first gapped circular crown (60). 

10. · Electromagnetic transducer according to claims 

S 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 respectiv•ly in 

the region of the first intermediate slot ( 197) and in 

the region of the second intermediate slot (199)1. 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 

planar and respectively located against said first and 

second stator planes (6, 10). 

12. Electromagnetic transducer according to any 

of claims· 1 to 6, characterized i.g 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 superposition region of said second principal 

stator part. 

1 3. Electromagnetic transducer according to claim 

12, chara9terized 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 castellations of said 

first gapped circular crown (224) and exhibiting an angular 

distribution substantially identical to su~h latter castell­

ati"ons. 



s 

11111111111111 11111 1111111 1111 
* C L M S * 

- 27 -

1 4. Electromagnetic transducer according to claim 

13, characterized in 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 9'eneral plane in the direction of 

said general rotor plane. 

according to any 

that said second 

four.th principal 

fourth prin~ipal 

magnetic poles (280, 281) be~ng magnetically coupled to 

15. Electromagnetic transducer 

of claims 12 to 1 4 I characterized in 

principai stator part (276) defines a 

magnetic pole ( 281 ) , ·said third and 

said first and second magnetic flux guidance 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 equal 

to thirty. 


