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rotating i ndependently of each other in either of the two possible
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coaxial hands intended to move independently of each other
exist. Among these timepieces, one can cite by way of
example chronograph watches in which the hand intended to
display the seconds of the measured time has the same axis
of rotation, situated at the centre of the dial, as the
hands for the display of the hour and the minute of the
present time. Timepieces in which the coaxial hands
intended normally to display the hour and minute of the
present time may also move independently of each other to
display another piece of information such as the date, an
alarm time or a measured time may also be mentioned.

In the timepieces of this type, the independent
movement of two coaxial hands is generally assured by two
distinct motors each connected to one of the hands by a
gear train. '

Moreover, so-called multi-polar motors are known
whose rotor rotates by steps of several degrees whereas
the rotor of conventional bipoiar motors rotates by steps
of 180°. In a timepiece, such a motor has the advantage
that the hand which it has to drive may be mounted
directly onto the shaft of its rotor. The gear train which
must be used to connect a bipolar motor to the hand which
it drives is thus no longer necessary, which simplifies
the design of the timepiece and reduces its cost price.

' European Patent EP-A-0 312 946 discloses a unit

formed of two superposed multi-polar motors. The shaft of



t hat t-he.hand which it has to drive may be nounted directly onto the shaft
of its rotor. The gear train which nust be used to connect a bipol ar notor
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An object of the present invention is thus to propose
a motor which is also intended to drive directly two
coaxial mechanical elements such as the hands of a
timepiece independently of each other, but having a
markedly smaller thickness than that of the two motor unit
disclosed in the aforementioned document, which allows it
to be used in a timepiece without requiring the thickness
of the latter to be too significant.

Japanese Patent Application JP-A-50 77811 discloses a
motor including a plurality of rotors which may be
actuated independently of each other. But these rotors are
not coaxial. On the other hand, signals of different
shapes must be applied to this motor to actuate separately
each of its rotors.

Elaboration of these different shaped signals
complicates the production, and thus increases the price,
of the electronic control circuit of this motor.
Furthermore, the shape of these signals makes the motor's
operation unreliable and gives the latter low energy
efficiency. '

Another object of the present invention is thus to
propose a motor including two rotors able to be controlled
‘independently of each other in a very reliable manner in
response to signals having the shape of pulses which may
be produced by a simple inexpensive electronic circuit,
and which allow the motor to have high energy efficiency.
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In particul ar, thesprésenpertt.tAespacedsatht as phat whivhesepheatessthand
two motors of the unit disclosed in European Patent
EP-A-0 312 946 is thus not necessary in the motor
according to the present invention the thickness of which
may thus be markedly smaller than that of said two motor
unit.

Moreover, and again as a result of the features
enumerated hereinbefore, the motor according to the
present invention may be controlled by pulses of simple
shape, similar to the well known shape of pulses used to
control <conventional ©bipolar stepping motors.
Consequently, with respect to the motor disclosed in
Japanese Patent JP-A-50 77811, the motor according to the
present invention may be controlled by a simpler, and thus
more economical electronic circuit, the operation thereof
is more reliable and its energy efficiency is higher.

The man skilled in the art will also easily see that
the third stator.part also assures a shielding function
for the motor according to the present invention against
external magnetic fields, which further increases the
reliability of this motor.

Other features and advantages of the present
invention will appear in the description which follows and
which will be made, by way of non-limiting example, with
the aid of the annexed drawing in which :

- Figure 1 is an overall view of a motor according
to the present invention;



second stator parts assures perfect magnetic decoupling of these two parts.
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in European Patent EP-A-0 312 946 is thus not necessary in the notor
according to the present invention the thi ckqness of. which may thus be
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the motor according to the invention generally designated

by the reference 1.

Motor 1 includes two rotors 2 and, respectively 3
arranged so as to be able to rotate independently of each
other about a common axis of rotation A. These rotors 2
and 3 have not been shown in Figure 1 to avoid
complicating the Figure unnecessarily.

Rotors 2 and 3 each include a permanent magnet 4,
respectively 5, in the shape of a disc centred on axis of
rotation A and including a plurality of magnetic dipoles 6
arranged in a regular manner on its periphery. Magnetic
dipoles 6 all have a magnetisation axis parallel to axis
of rotation A, and the direction of magnetisation of each
of them is opposite to the direction of magnetisation of
the two magnetic dipoles 6 which are adjacent thereto. In
other words, magﬁets 4 and 5 are multipolar permanent
magnets having axial magnetisation.

In the description hereinafter, the numbers of
magnetic dipoles 6 which include magnets 4 and 5 will be
designated N1 and N2. Likewise, the radius passing through
the middle of a magnetic dipole 6 will be called its
geometric axis. Moreover the angles at centre formed
respectively by the geometric axes of two magnetic dipoles
6 adjacent to magnet 4, and by the geometric axes of two

magnetic dipoles 6 adjacent to magnet 5 will be designated
1 and o2. These angles o1 and 02 are obviously

respectively equal to 360°/N1 and 360°/N3.



4 - Figures 2 and 3 are cross-sections of the notor of Figure 1 nade
respectively along axes Il-Il1 and II1I-11l1 of the latter; - Figure 4 shows
-orie of the conponents of the nmotor of Figuregl, - Figures 5 to 8 showin
detail: portions of certain conponents of the notor of Figure 1; and -
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also so as to be free to rotate about axis A but blocked
in translation with respect to the latter.

Guide pipe 9 is blocked in rotation and in
translation in a way which will be described hereinafter.

The means which prevent any translation of shafts 7
and 8 with respect to axis A while allowing them to rotate
with respect to the latter are well known to persons
skilled in the art and have not been shown in Figure 2 to
avoid overloading the drawing unnecessarily. Likewise, the
means for fixing magnets 4 and 5 to shafts 7 and 9
respectively have not been shown in Figure 2, where rotors
2 and 3 are represented only by magnets 4 and 5 and shafts
7 and 8.

In the present example where magnets 4 and 5 have the
shape of discs, and for a reason which will become cbvious
in the description hereinafter, shafts 7 and 8 and guide
pipe 9 are made of a non-magnetic material such as, for
example, brass.

In another embodiment of motor 1, not shown, magnets
4 and/or 5 have the shape of rings centred on axis of
rotation A and fixed onto a disc. If this latter disc is
made of a non-magnetic material such as brass, shafts 7
and 8 and guide pipe 9 may be made of a magnetic material
such as steel.

_ The two coaxial mechanical elements, not shown, which
have to be driven by motor 1 may be respectively fixed to
the free end of shaft 7, which preferably protrudes from



In the description hereinafter, the numbers of magnetic dipoles 6 which
include magnets 4 and 5 will be designated Nlerr] and N err]. Likew se, the
radi us passing through the middle of a magnedic dipole 6 will be called its
geonet:ri c axis. Moreover the angles at centre formed respectively by the
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translation of fhagt§.q having high magnetic permeability such as one of
the well known materials commonly used to make the stator
of stepping motors which drive the hands of a large number
of the currently manufactured timepieces.

In the present example, stator parts 11, 12 and 13
are planar, parallel to each other and perpendicular to
axis of rotation A.

Moreover, permanent magnets 4 and 5 of rotors 2 and 3
are situated on either side of stator part 13 and between
the latter and, respectively, stator parts 11 and 12.

Stator part 11 has an opening 14 circumscribed by a
circle centred on axis of rotation A and having
approximately the same diameter as magnet 4 of rotor 2.
This opening 14 separates stator part 11 into two
portions. It will be seen hereinafter that these two
portions constitute stator poles which will be designated
by the references 15 and 16.

The shape and the dimensions of stator part 11 are
selected so that stator poles 15 and 16 are connected only
by zones, or necks, 17 and 18 having a sufficiently small
cross-section that their magnetic reluctance is very high.

Stator poles 15 and 16 each include a plurality of
teeth, designated respectively by the references 19 and
20, which extend in a radial direction from the edge of
opening 14 towards axis of rotation A. These teeth 19 and
2Q are separated from each other by spaces, and their
exact arrangement will be described hereinafter. Tt will
simply be mentioned here that tooth 19 and tooth 20 which



and 8 with respect to axis A while allowing themto rotate with respect to
the latter are well known to persons skilled in the art and have not been
shown in Figure 2 to avoid overl oading the %ramﬁng unnecessarily. Likew se,
the means for fixing magnets 4 and 5 to shafts 7 and 9 respectively have
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persons SkiIIeddesignated by the references 22 and 23. The shape and the
dimensions of stator part 12 are selected so that stator
poles 22 and 23 are connected only by necks 24 and 25
having a sufficiently small cross-section that their
magnetic reluctance is also very high.

Stator poles 22 and 23 also each include a plurality
of teeth, designated respectively by the references 26 and
27, which extend in a radial direction from the edge of
opening 21 towards axis of rotation A and which are also
separated by spaces. The exact arrangement of teeth 26 and
27 will also be described hereinafter. It will simply be
mentioned here that the tooth 26 and the tooth 27 which
are the closest to neck 24 are respectively designated 26a
and 27a.

It should be noted that teeth 19 and 26 have not been
shown in Figure 2 to avoid overloading the latter
unnecessarily.

For a reason which will become obvious hereinafter,
the angles at centre formed by the axes of two adjacent

teeth 19 and by the axes of two adjacent teeth 20, which
are designated by Bl in Figure 6, are equal to each other
and to twice angle 0] defined hereinbefore.

Moreover, in this example the angle at centre formed
by the flanks of a tooth 19, or of a tooth 20, is
substantially equal to the angle at centre formed by the
flanks of two adjacent teeth 19, or 20, which delimit the

space separating these two teeth. These angles are thus
both substantially equal to angle aj.



in the art. Mdtor 1 also includes a first and a second stator part
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teeth 20 with respect to teeth 19.
Likewise, the angles at centre formed by the axes of

two adjacent teeth 26 or by the axes of two adjacent teeth
27, which are designated B2 in Figure 8, are equal to each

other and to twice angle 02 defined hereinbefore.
Moreover, again in this example, the angle at centre
formed by the flanks of a tooth 26, or of a tooth 27, is
substantially equal to the angle at centre formed by the
flanks of two adjacent teeth 26, 27, which define the
space separating these two teeth. These angles are thus

all substantially equal to angle 02.

Conversely, the angle at centre formed by the axes of

teeth 26a and 27a, which is designated y1 in Figure 8, is-

also not an integral multiple of angles a3 or P2, but it
is equal to (kz.Bz-+ B2/3) where k3 is an integral number.
For similar reasons to those which have been given
hereinbefore in connection with teeth 19 and 20, it will
be said in the following description that, in the negative
trigonometric direction, teeth 27 are out of phase with
respect to teeth 26 by an angle equal to B2/3 i.e. +202/3.
This angle will be called the phase-shift angle of teeth
27 with respect to teeth 26.

It will be seen hereinafter that rotors 2 and 3 of
motor 1 rotate by successive steps, and that the number of
steps effected by each of these rotors 2 and 3 to rotate
through one complete revolution, i.e. of 360°, is equal to

or



opening 14 towards axis of rotation A These teeth 19 and 20 are separated
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Moreover, the phase-shift angle of teeth 20 with
respect to teeth 19, as it has been defined hereinbefore
is equal to 12°/3, i.e. 4°.

Again in this example, if number kj had been selected
to be equal to 2, angle Y1 defined hereinbefore would be
equal to (2.12° + 12°/3), i.e. 28°.

Such an example is shown in Figure 1 and in more
detail in Figures 5 and 6.

Again by way of example, if rotor 3 must rotate
through 20 steps per revolution, its magnet 5 must include
20 magnetic dipoles 6. Angles 02 and B2 thus respectively
have values of 18° and 36°, and the phase-shift angle of
teeth 27 with respect to teeth 26, is equal to 36°/3, i.e.
12°,

If number kz'is equal to 1, angle Y2 is equal to (36°
+ 12°), i.e. 48°.

Such an example is shown in detail in Figures 7 and

It should be noted that the present invention is
obviously not limited to the examples which have just been
described, but that numbers Nj and N2 of magnetic dipoles
6 included respectively in magnets 4 and 5 may be any
number, on condition only that they are even numbers. In
particular, these numbers N1 and N2 may be equal.

In this example, stator part 13 includes an annular
portion, which, it will be seen hereinafter, constitutes a
stator pole which will be designated by the reference 31.



are the closest to neck 24 are respectively designated 26a and 27a. It
shoul d be noted that teeth 19 and 26 have not been shown in Figure 2 to

avoi d overloading the latter unnecessarily. kgr a reason which will becone

obvious hereinafter, the angles at centre forned by the axes of two
adj acent teeth 19 an@hey twe girslels twivichlj dedamitectttaor woileh 3t eare
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angle [err] defined hereinbefore. Moreover, in this_exanple the an%Ie.at
centre fornmed bl FRAFRR &° Wbt ALa§OroPPke 31 0dfh Pfuaked facing

substantially eqedtH OlBt\e\AZﬁﬂ,gLEGa}arﬁEnﬂ'Veffdﬁm& byatbe xfé@d@th DfelpOof
adj acent teeth 19, .or 20 ' mt_t space separating these two
teeth. These an&&@?oikPogﬁﬁshgotﬂESU%%t%Héféﬁ'ly equal to angle [err].
Conversely, the angl ah# cestirad opemEtgbyft BEaioes pollet 84t h de3d gaad e by

shich s ool el Lekdlodd F U 8 Onckhedte 30, I SR UL Bl ca01 o

k[err] is an intdpee pdniser diScncewhbelh i59 pneferabprctmade yof20a anen-
arranged in a r?ﬁ%@ti@ﬂﬁ%@rﬁ&@“ cﬂp§£‘itgi%§é. as has been descri bed
h e cal

her ei nbef ore and t'hey thus have_ what may | ed angul ar periodicity, i
will be said in the Pilgteod 3wAFER £81 FERROY hafor | afQyrmepdganasd guide

trigonometric digigsd ignwhiedt hs28ireg Ooitied ddiase .0or phase-shifted with

respect to The means for fixing guide pipe 9 to end plate 33 and
this latter to stator pole 31 have not been shown in order
to avoid overloading the drawing unnecessarily and because
they may be of a varied nature and are well known to
persons skilled of the art.

Stator part 13 also includes a connecting part 34
having, in this example, the general shape of a T, whose
vertical bar is connected to stator pole 31. The ends of
the horizontal bar of connecting portion 34, which will be
discussed hereinafter, are designated by the references 35
and 36.

Stator parts 11 to 13, and in particular stator poles
15, 16, 22, 23 and 31, are obviously arranged so that
rotors 2 and 3 can rotate freely.

Thus, there exist spaces or airgaps, 41 and 42
between magnet 4 of rotor 2, and teeth 19 of stator pole
15 and teeth 20 of stator pole 16 respectively. Likewise,
there exist airgaps 43 and 44 between magnet 5 of rotor 3,
and teeth 26 of stator pole 22 and teeth 27 of stator pole
23 respectively.

Moreover, airgaps 45 and 46 exist between magnet 4
and stator pole 31, situated respectively facing airgaps
41 and 42. Finally, airgaps 47 and 48 exist between magnet
5 and stator pole 31, situated respectively facing airgaps
43 and 44.

Motor 1 also includes three coils 51, 52 and 53 each
having a core 54, 55 and 56 respectively.

8
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teeth 19 by an angle of [err]/3, i.e. 2[err]/3. This angle will be called
t he phase-shift or phase difference angle of teeth 20 with respect to teeth
19. Likewi se, the angles at centre formed by the axes of two adjacent teeth
26 or .by the axes of two adjacent teeth 27, Mhich are designated [err] in
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Figure 8, is also not,an integral ti of angl.es [err] o ,
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with teeth 19 a e | eqsaid in the follow ng description at, in
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I's equal to The ends of core 56 of coil 53 are respectively

connected, mechanically and magnetically, to stator pole
16 of stator part 11 and to end 36 of connecting portion
34 of stator pole 13.

Motor 1 also includes a spacer or strut 61 made of a
material having high magnetic permeability such as one of
the well known materials currently used to make stepping
motor stators.

The ends of strut 61 are respedtively connected,
mechanically and magnetically, to stator pole 16 of stator
part 11 and to stator pole 23 of stator part 12. This
stator pole 23 is thus also magnetically connected to coil
53.

The mechanical and magnetic means for connecting
cores 54 to 56 and strut 61 to stator parts 11 to 13 may
be of various natures and are well known to persons
skilled in the art. These means have not been shown in
order to avoid overloading the drawing unnecessarily.

Figures 9 and 10 show schematically teeth 19, 20, 26
and 27, magnets 4 and 5 and stator pole 31 of motor 1 as
if these elements had been cut by a circular cylinder
having an identical axis to that of axis of rotation A and
as if this cylinder had itself been cut along one of its
generating lines and then flattened to form the plane in
which Figures 9 and 10 are drawn. It will be noted that



9 the nunber N err], Nerr] respectively, of magnetic dipoles 6 included in
t heir permanent magnet 4, 5 respectively. The angl es travel l ed through by
rotors 2 and 3 at each of their steps are thys respectively angles [err]
and [err] defined hereinbefore. Thus, for exanple, if the nechani cal

element fixed t@néMatheYPOrtSooﬁrtness ehems@tanﬁlhamde@fla.thaeplernlayd
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The axes of magnetisation of magnetic dipoles 6 of
magnets 4 and 5 have been symbolised in Figures 9 and 10
by arrows pointed in the usual manner from their south
pole towards their north pole.

In order to simplify the description which follows,
all the magnetic dipoles 6 whose axis of magnetisation is
directed towards stator pole 31 will be designated 6a, and
all the magnetic dipoles 6 whose axis of magnetisation has
the opposite direction will be designated 6b.

The presence of teeth 19 and 20 and the spaces which
separate them facing magnet 4 causes a positioning torque
to be applied to rotor 2 which tends to maintain it in or
to bring it back to one or other of a plurality of
determined angular positions which will be called rest
positions of rotor 2. Likewise, the presence of teeth 26
and 27 and the spaces which separate them facing magnet 5
causes a positioning torque to be applied to rotor 3 which
tends to maintain it in or bring it back to one or other
of a plurality of determined angular positions which will
be called rest positions of rotor 3.

The numbers of rest positions of rotors 2 and 3 are
of course respectively equal to number N1 and N2 of
magnetic dipoles 6 included in magnets 4 and 5.

The angles which rotors 2 and 3 must travel through
to pass from any one of their rest positions to the

following one, in one direction or the other, are thus
respectively equal to angle 01 and angle o2 defined



8. It should be noted that the present invention is obviously not limted

to the exanpl es whi ch have just been described, but that nunbers Nerr] and
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are wel | known pespeisonsarski khed,ofas heocarnt .as they have passed this
unstable equilibrium position, this positioning torque
tends to bring them to their end position.

For obvious reasons of symmetry, one of magnetic
dipoles 6a and one of magnetic dipoles 6b, adjacent to the
preceding one, are both partially situated facing each of
teeth 19, 20, 26 and 27 in each of the rest positions of
these rotors 2 and 3.

More specifically, in each rest poéition of rotor 2,
the geometrical axes of the two dipoles 6a and 6b situated

facing any one of teeth 19 form with the axis of the
latter two angles of respective values 201/3 and o1/3.

These two angles are respectively designated 81 and 81' in
Figures 9 and 10.

It was seen hereinbefore that angles B1 formed by the
axes of two adjacent teeth 19 are equal to twice angles 0
formed by the geometrical axes of two adjacent magnetic
dipoles 6a and 6b. Consequently, in one half of the N1
rest positions of rotor 2, it is always the geometrical
axis of a magnetic dipole 6a which forms angle 87 defined
hereinbefore with the axis of a tooth 19. Figure 9 shows a
case wherein rotor 2 occupies one of these rest positions
which will arbitrarily be called first rest positions of
this rotor 2.

In the other half of the N1 rest positions of rotor
2, it is obviously always the geometrical axis of a
magnetic dipole 6b which forms angle 8] with the axis of a

tooth 19. Figure 10 shows a case wherein rotor 2 occupies



Stator part 13 also includes a connecting part 34 having, in this exanple,
t he general shape of a T, whose vertical bar is connected to stator pole
31. The ends of the horizontal bar of connegti ng portion 34, which will be
di scussed hereinafter, are designated by th 4 ef erences 35 and 36. Stator

parts 11 to 13,,8800f Ncpgsd i SUGF éé@é ?o@ﬂﬁﬁléawﬂﬂ@zh %?11123‘11?1%%9%%

obvi ously arranged so that rotors 3.can rotate freel
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core 54, 55 and,Rf SLSPEStdRInG restTB8§§?t5581:1§S 51 to 53 will not be
described here in detail since they are sim]ar to well known coils which

are used in convent i thafhe RTINS rﬁif%‘l‘@-%ur#férﬂ]rly thedest Qesitinns of
timepi eces. Therepds 2f eatR hdgpbteei Hipbler §af @YY iRk geometrical

axis forms angle 81 defined hereinbefore with the axis of

a tooth 19 is situated behind this tooth 19 with respect
to the negative trigonometric direction symbolised by
arrow R, since teeth 20 are out of phase by +20,1/3 in the
negative trigonometric direction with respect to teeth 19.

It may thus be said that, when rotor 2 is situated in
one of its first or one of its second rest positions,
phase-shift angle 031 of magnetic dipoles 6a or

respectively 6b with respect to teeth 19 is equal to
-20,1/3 in the negative trigonometric direction.

It was seen hereinbefore that teeth 20 are out of
phase with respect to teeth 19 by an angle equal to B1/3,

or +2001/3 in the negative trigonometric direction.

Consequently, in each of the rest positions of rotor 2,
one magnetic dipole 6a and one magnetic dipole 6b adjacent
to the preceding one are both partially situated facing

one of teeth 20. Moreover, the geometrical axes of these
two dipoles 6a and 6b form two angles also of values 201/3

and a1/3 with the axis of this tooth 20. These angles are
also respectively designated by the references 81 and 671
in Figures 9 and 10.

Furthermore, in all the first rest positions of rotor
2, it is also the geometrical axis of a dipole 6a which
forms angle 81 with the axis of a tooth 20. Consequently,
it is also the geometrical axis of a dipole 6b which forms
angle 81 with the axis of a tooth 20 in all the second

rest positions of rotor 2.



connected, nmechanically and magnetically, to stator pole 15 of stator part
11 and to end 35 of connecting portion 34 of stator pole 13. The ends of
core 55 of coil 52 are respectively connectegs mechanically and
magnet.ically, to stator pole 15 of stator part 11 and to end 35 of

connecting portion Séoatfe%ts@w m‘ﬂee ;Jﬁasérh&fﬁésoef phake iﬁ@éefé}a+ 5§gare

respectively connected, nechani cal etically, to stator
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trigonometric direction.

In summary, it is seen in the present example where
teeth 20 are phase-shifted, in the negative trigonometric
direction, by an angle equal to +201/3 with respect to
teeth 19, magnetic dipoles 6a and, respectively 6b, of

magnet 4 are phase-shifted, in the negative trigonometric
direction, by an angle equal to -201/3 with respect to

teeth 19 and by an angle equal to +201/3 with respéct to
teeth 20, when rotor 2 occupies its first and,
respectively, second rest positions. '

Considerations similar to those which have been made
hereinbefore with respect to rotor 2 show that rotor 3
also has first and second rest positions in which the axis
of each of teeth 26 and 27 forms with the geometrical axis
of a magnetic dipole 6a or, respectively, 6b, a phase-
shift 83 equal to 202/3.

Moreover, in the present example where teeth 27 are
phase-shifted, in the negative trigonometric direction, by
an angle equal to +02/3 with respect to teeth 26, magnetic
dipoles 6a and, respectively, 6b, of magnet 5 are phase-

shifted, in the negative trigonometric direction, by an
angle equal to -202/3 with respect to teeth 26 and by an

angle'equal to +202/3 with respect to teeth 27 in the
first and second rest positions of rotor 3.
Figures 9 and 10 also illustrate two cases in which

rotor 3 occupies respectively one of its first and one of
its second rest positions.



generating lines and then flattened to formthe plane in which Figures 9
and 10 are drawn. It wll be noted that 12 only the parts of these

el ements situated in the vicinity of necks 1§ and 24 are shown in Figures 9
and 10. It follows fromthe manner in which Figures 9 and 10 have been nade
that the various af difesrerdn clesttanigl esirnerdepassendhtmoh waich 54 | [the
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transl ations Oflﬁefuaeermglmffsta%e @@@54 ®eerH M§NBEf the
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stator pole 31 and connecting portion 34.
Moreover, when an electric current passes through
coil 53, the magnetic flux which it generates in core 56,
which will be designated F3, closes on itself following
two parallel paths both passing via stator pole 16. From
this stator pole 16, one of the paths passes successively
through teeth 20, airgap 42, magnet 4 of rotor 2, airgap
46, stator pole 31 and connecting portion 34. The other
path, starting from stator pole 16, passes successively
through airgap 61, stator pole 23, teeth 27 of the latter,
.airgap 44, magnet 5 of rotor 3, airgap 48, stator pole 31
and connecting portion 34.
The portions of magnetic flux F3 passing through
these two paths will be called respectively magnetic flux
F3a and F3b. .
It should be noted that one part of magnetic flux F1l,
F2 or F3 obviously passes through necks 17 and 18 and/or
24 and 25 and closes on itself following all or part of
the aforementioned paths. But the magnetic reluctance of
these necks 17, 18, 24 and 25 is sufficiently large that
these parts of flux Fl, F2 or F3 are negligible.
It should also be noted that magnetic flux Fl, F2,
F3a and F3b all have & "substantially parallel direction to
axis of rotation A between stator parts 11 and 12 on the
one hand and stator part 13 on the other hand. When they
pass through magnets 4 or 5, these flux Fl, F2, F3a and



determ ned angul ar positions which wll be called rest positions of rotor
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In Figures 11 to 14 which will be described
hereinafter, the resultants of these flux Fl, F2, F3a and
F3b are symbolised by the arrows designated by the same
references. It is to be noted that; in order to make
Figures 11 to 14 clearer, these arrows have been slightly
staggered with respect to the axes of teeth 19, 20, 26 or
27. It is however obvious that, in reality, the resultants
of these flux Fl, F2, F3a and F3b have a direction which
is identical to the direction of the axes of teeth 19, 20,
26 or 27.

The control circuit of motor 1 has not been shown and
will not be described here since a person skilled in the
art will have no difficulty in designing it in light of
the explanations which will be given hereinafter.

It will simply be mentioned that this control circuit
is arranged so as to apply a driving pulse to coils 51, 52
and/or 53 each time that rotor 2 or rotor 3 has to rotate
through one step.

Moreover, this control circuit may be arranged so
that, during each driving pulse, the voltage applied to
one and/or the other of these coils 51 to 53 is constant,
or that it is the current flowing in one and/or the other
of these coils 51 to 53 which is constant. The man skilled
in the art will easily see that motor 1 operates whatever
‘the type of driving pulses applied to its coils 51, 52
and/or 53. This type of driving pulse will thus not be



For obvious reasons of symetry, one of nagnetic dipoles 6a and one of
magnetic di pol es 6b, adjacent to the preceding one, are both partially
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one of these th%rﬁﬁ%ﬂrégﬁﬂééﬁ{“%oﬁﬁﬂghwﬁﬁéﬁ gEbESQaQAB6vercome during
such driving pulse has the maximum value for which motor 1
is designed.

The man skilled in the art well knows that, in
practice, this duration is preferably determined so that
rotor 2 or 3 concerned has at least reached an angular
position situated slightly before its unstable equilibrium
position defined hereinbefore at the moment when the
driving pulse is interrupted. When rotor 2 or 3 has
reached this angular position, it finishes it step as a
result of its inertia or that of the mechanical elements
which it drives and, after it has passed its unstable
equilibrium position, as a result of the positioning
torgque which then tends to bring it to its next rest
position.

In order to avoid unnecessarily complicating the
following description, it will be admitted that the
control circuit of motor 1 is arranged so that the
duration of all the driving pulses which it applies to
coils 51, 52 and/or 53 is determined as has just been
described.

Figures 11 to 14 are similar to Figures 9 and 10
described hereinbefore. However, in order to avoid
unnecessarily overloading Figures 11 to 14, only the
references used in the explanations which they illustrate
have been indicated therein.

It will be admitted that, at the moment when this

description of the operation of motor 1 begins, rotor 2 is



be cal |l ed second rest positions of this rotor 2. Magnetic dipoles 6a and 6b
al so have what may be called angul ar periodicity. It may thus be said that
angle [err] defined hereinbefore is the phamﬁ gshift angle of magnetic

di poles 6a and 6b with respect to teeth 19 en rotor is situated
respectively inionensf dft sitfg rEirsindrese DbSLtsosecoﬁd Aesttiposinagmstidcn

the present exadppelekneal bftrh@grli@é;tz; M?iidﬂ(é&?e (iﬂ'lars‘ét—@;81 (uju%teaaﬁ Hﬁgmgtfore
di pol e 6a or 6b S i cal axis, for ngl e e er el pbe
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to the negativeetubQon@eiR /3 did eghé ONegi okl $0d gohoMdtai R dskdeeE; dget h
20 are out of p ase by Zifiu /3 .in the negative trigononetric direction

with respect to fggfﬁ 1% HaRuSUGE 2aPdtPRBEORwhen rotor 2 is
situated in one of if§ fuhestcatosk ofircudtsesPnilotest POshéhORp, 11es a

hi f ti I 6 spectively 6
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direction. It wasneratedehyi niidforlattet passas 260hapeghumaghethaiseimi the
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negative trigonometric tTon nsequent |
posi ti ons of roﬂﬁrskowﬁnénnﬁgﬁé¥¢clhrp%@@nﬁélQnﬂl@ﬁthnghes|haﬂ|pbees@me

adj acent to thedpreeediord OnemagRebOUh DT thal laked t &8t fdghati 130 %f
teeth 20. Moreover, the Seonetrlcal axes of these two deO es ba 6

formtwo angl es™aPBELEF FLUPRURS HPerr]/3 and [err]/3 with the axis of this
tooth 20. These angl Phearimtalretiaapesti velghealeisd gpated Fay 4H8 wefeer N8RS

[err] and [err]gehgrgkggr § é%éﬂ“tlc ‘dipoles 6a and 6b situated partially
facing teeth 19 generates, in a known manner, a torque
which tends to align the axes of magnetisation of these
latter magnetic dipoles 6a with this flux F1. This torque,
which will be termed driving torque, thus rotates magnet 4
and thus rotor 2, in the negative trigonometric direction
symbolised by arrow R.

After the end of this positive driving pulse applied
to coil 51, rotor 2 ends its step as has been described
hereinbefore and stops in the next of its second rest
positions. Rotor 2 then remains in this second rest
position until the control circuit of motor 1 applies a
new driving pulse to coils 51, 52 and/or 53 in
circumstances which will be described hereinafter.

It will be recalled that when rotor 2 is in any one
of its second rest positions, magnetic dipoles 6, whose
geometrical axis makes angle 8] defined hereinbefore with
one of teeth 19, are all dipoles 6b. Figure 12 illustrates
such a situation.

If the control circuit of motor 1 then applies a
negative driving pulse to coil 51, magnetic flux F1
generated by this latter passes through magnet 4 in the

direction going from stator pole 31 towards teeth 19 as is
shown in Figure 12.



Furthernore, in all the first rest positions of rotor 2, it is also the
geonetrical axis of a dipole 6a which forns angle [err] with the axis of a
tooth 20. Consequently, it is also the geonghri cal axis of a dipole 6b
which: forms angle 81 with the axis of a too 20 in all the second rest
posi tions of rotor MagnefibcCdiiwer sEly thuse bhase:lshi famer ghesetiohf errence

of teeth 20 wit egt_ Lo % I Fy
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magneti c dlpoles a and, "respecti vel are phase-
t he negative 't rtb@n@mﬂvﬁ cﬁmg@mmtrby ghragagienequal to -2[err]/3 with

respect to teeth 19 and Dysppi pagl aLaidt t8 UL hicH tPakeRadrieq
teeth 20, when rotor 2 occupies its _first and,
hereinbefore, rotor 2 flnlshes its step after the end of

the negative driving pulse applied to coil 51 and reaches
its next rest position, which is obviously one of its
first rest positions.

In summary, it is seen that rotor 2 rotates by steps
in the negative trigonometric direction in response to
driving pulses of alternating polarity successively
applied to coil 51.

It is also seen that rotor 3 is absolutely not
influenced by the driving pulses applied to coil 51 since
these driving pulses do not cause the passage of any
magnetic flux in magnet 5 of this rotor 3.

Figures 11 and 12 also respectively illustrate a case
in which rotor 3 is in one of its first rest positions and
a case in which rotor 3 is in one of its second rest
positions. Flux F2 generated respectively by a positive
driving pulse and a negative driving pulse applied to coil
52 are also shown in these Figures 11 and 12.

It is easily seen that, for similar reasons to those
which were given hereinbefore in the case of rotor 2,
rotor 3 also rotates through successive steps in the
negative trigonometric direction in response to driving
pulses of alternating polarity applied to coil 52 by the
control circuit of motor 1. The reasons for such rotation
of rotor 3 will not therefore be detailed here.

It will however be noted that rotor 2 is also not

influenced by the driving pulses applied to coil 52 since



respectively, second rest positions. Considerations simlar to those which
have been nade herei nbefore with respect to rotor 2 show that rotor 3 al so
has first and second rest positions in whichithe axis of each of teeth 26
and 27 forms with the geonetrical axis_of a magnetic dipole 6a or,
respectively, 6bhegep ingi pulpefr [deqnaF auWer Fhes. pagsagRePL ianyhe
present exanpl epubgeeid eﬁlﬁc 2,'}1 #agniRaaesghi-bted. 21 n the negati ve

trigononetric direction, | e equal to+err] threset t
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Wien an el ectri ¢ current passes t rough coi | netic flux
generates in coﬂélﬁlngmuéﬁevw—@lc‘béld L} g‘hb@e@wqxlpotl:b@@% WI@%@|F3b of
following a patRayheehd Fah4des S#E:féﬁé& &8 wystatar Rahe s, rdfed b 19
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coil 52, the naghetdhe fdidedbich bE gBREemMM@Sets£Oi6n58xis of magnetic
dipoles 6a of magnets 4 and 5. These magnetic flux F3a and
F3b have also been symbolised in Figure 13. This positive
driving pulse applied to coil 53 thus causes torgues to be
applied to rotors 2 and 3 which tend to rotate the rotors
in the positive trigonometric direction, which is
symbolised in Figure 13 by arrow R'.

If no other measure is taken, these two rotors 2 and
3 thus rotate simultaneously in the positive trigonometric
direction in response to this positive driving pulse
applied to coil 53. After the end of this driving pulse,
each of rotors 2 and 3 finishes its step and reaches its
next rest position which is of course one of its second
rest positions. This situation is illustrated in Figure
14.

It is easily seen that if the control circuit of
motor 1 then applies a negative driving pulse to coil 53,
magnetic flux F3a and F3b have, in magnets 4 and 5, the
same direction as the magnetisation axes of magnetic
dipoles 6b, as has been shown in Figure 14. The torque
which is applied to rotors 2 and 3 thus also tends to
rotate them in the positive trigonometric direction
symbolised by arrow R'.

Again, i1f no other measure is taken, rotors 2 and 3
thus rotate simultaneously in the positive trigonometric
direction in response to this negative driving pulse
applied to coil 53 and, after the end of this driving
pulse, finish their step and reach their next rest



which will be designated F2, closes on itself follow ng a path which

i ncl udes successively stator pole 22, teeth 26 of the latter, airgap 43,
nmagnet 5 of rotor 3, airgap 47, stator pole 32 and connecting portion 34.
Moreover, when an el ectric current passes through coil 53, the magnetic
fLux which it gPREA&IERN. nwhadeR 536 ohi cPuKiSe eeededi grkedd K3 rsd oseston
itself follow ngokweiBasal | el paths both passing via stator pole 16. From

this stator pole 16, one of the paths passes successjvely through teeth 20,
airgap 42, magnet 4 &F Wgfopesn g??‘@é’agﬁﬁ?rgt 5h8E. pghensoban doAkeEPLRY
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and In order to do this, the control circuit of motor 1
is arranged so that, when it applies a driving pulse to
coil 53, it simultaneously applies another driving pulse
of the same polarity to coil 52 if rotor 2 is to be the
only one to rotate, or to coil 51 is rotor 3 is to be the
only one to rotate.

Figure 13 illustrates such a case, in which rotor 2
has to rotate in the positive trigonometric direction in
response to a positive driving pulse applied to coil 53.
The control circuit of motor 1 thus applies, as the same
time as this latter, another driving pulse, which is also
positive, to coil 52. Magnetic flux F2 generated by this
coil 52 in response to this second driving pulse is also
shown in Figure 13.

The features of motor 1 and its control circuit are
determined so that the two torques which are applied to
rotor 3 are equal in absolute value. Since these two
torques have the opposite directions, they therefore
cancel each other out. Rotor 3 thus remains immobile and
only rotor 2 rotates through one step in the positive
trigonometric direction in response to the positive
driving pulse applied to coil 53.

Figure 14 illustrates a case in which only rotor 3
has to rotate through one step in the positive

trigonometric direction from one of its second rest



17 F3b thus have a parallel direction to that of the axes of magnetisation
of magnetic dipoles 6. The direction of these flux F1, F2, F3a and F3b

obvi ously depends on the direction of the c? r,rent passing in coils 51 to 53
whi ch.generates them It will be admitted a |trar|I that these flux, F1,
F2, F3a and F3bPaFétb6§FtFverﬁﬁﬂﬂn%%e9°p%§%e$4ﬁ%ﬂﬁﬁﬁFkXﬁEQ§P%-%ﬁ apphigd
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It is however obvrious “In real it he resultants of these flux' Fi
F2, F3a and F3bthaﬁe19t@Fr@cﬂﬁo#kﬂ%ﬁﬂ@|@?q(ﬁﬂ%y(ﬁﬂtqq)%rﬁ?%ﬂ?%ﬁtF%ﬁoththe

axes of teeth 18ne2@tepbiflf rédpordd® P HHO heWaltdwiel defivimyopulsBasppieqeen
shown and wi Il pot be_described here since a person skilled in the art wll
have no dlfflchPycPﬁldggrgning it in light of the explanations which wll

be gi ven herei naft er Thet opetdt sompd§y Meecorent iimned 1t hhe bhhercoakes| whichui t

might occur will not be described here since it can easily
be deduced from the explanations given hereinbefore.

In the first embodiment of the motor according to the
present invention described hereinbefore, the phase-shift
angle of teeth 20 with respect to teeth 19 and the phase-
shift angle of teeth 27 with respect to teeth 26 are
respectively equal to +201/3 and +202/3 in the negative
trigonometric direction. _

In a second embodiment of the motor according to the

present invention, which has not been shown, these two
phase-shift angles are respectively equal to -2a1/3 and

-202/3, again in the negative trigonometric direction.

The man skilled in the art will easily see that, in
this second embodiment, magnetic dipoles 6a and,
respectively, 6b'of magnet 4 are phase-shifted in the

negative trigonometric direction by an angle equal to
+2011./3 with respect to teeth 19 and, consequently, by an

angle equal to -201/3 with respect to teeth 20 when rotor
2 occupies one of its first and, respectively, second rest
positions.

Likewise, in the first and second rest positions of
rotor 3, magnetic dipoles 6a and, respectively 6b of

magnet 5 are phase-shifted in the negative trigonometric
direction by an angle equal to +2a2/3 with respect to

teeth 26 and, consequently, by an angle equal to -203/3
with respect to teeth 27.



is arranged so as to apply a driving pulse to coils 51, 52 and/or 53 each
time that rotor 2 or rotor 3 has to rotate through one step. Mreover, this
control circuit nay be arranged so that, durﬁgg each driving pulse t he

lied d/ t t.h f t 51 to
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It is obvious that the two embodiments which have
been described hereinbefore may be combined, the teeth
forming part of one of stator parts 11 and 12 and the
teeth forming part of the other of such stator parts 11
and 12 being respectively arranged as in the first and
second embodiment described hereinbefore.

In the second embodiment described hereinbefore,
teeth 20 are phase-shifted with respect to teeth 19 by an
angle equal to -201/3 in the negative trigonometric
direction. It is obvious that this fact may also be
expressed by saying that teeth 19 are phase-shifted with
respect to teeth 20 by an angle equal to +201/3, also in
the negative trigonometric direction.

It is thus seen that, in the two embodiments
described hereinbefore, there is always a first of the two
pluralities of teeth of stator part 11 which is phase-
shifted with respect to the second of these two
pluralities of teeth by an angle equal to +2001./3 in the
negative trigonometric direction. In the first embodiment
described hereinbefore, this first and this second
pPlurality of teeth are respectively constituted by teeth
20 and teeth 19, whereas in the second embodiment
described hereinbefore, these two pluralities are
respectively constituted by teeth 19 and teeth 20.

It is also seen that, with this same terminology, in
both embodiments described hereinbefore, magnetic dipoles
6a and, respectlvely, 6b of magnet 4 are phase-shifted in



rotor 2 or 3 concerned has at |east reached an angul ar position situated
slightly before its unstable equilibrium position defined hereinbefore at
t he nmoment when the driving pulse is interrygted. Wen rotor 2 or 3 has

reached this angqul ar sitiqn,, it finishes. t ste S a result of its
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respectively, teeth 26 is phase-shifted with respect to
the second of these two pluralities of teeth, i.e. teeth
26 and teeth 27 respectively, by an angle equal to +203/3
in the negative trigonometric direction. Likewise, in the
two embodiments described hereinbefore, magnetic dipoles
6a and 6b respectively, of magnet 5 are phase-shifted in
the negative trigonometric direction by an angle of +20/3

with respect to the teeth of the first plurality of teeth
in stator part 12 and by an angle of -202/3 with respect
to the teeth of the second plurality of teeth of such
stator part 12 in the first and second rest positions of
rotor 3.

As was seen hereinbefore, plurality of teeth 19 is
only magnetically connected to coil 51, and plurality of
teeth 26 is only magnetically connected to coil 52.
Conversely, plurality of teeth 20 and plurality of teeth
27 are magnetically connected together to coil 53. On the
other hand, magnet 4 of rotor 2 is magnetically coupled to
teeth 19 and to teeth 20, whereas magnet 5 of rotor 3 is
magnetically coupled to teeth 26 and to teeth 27.

By comparing the operation of the two embodiments of
motor 1 described hereinbefore and using the terminology
which is also defined hereinbefore, it is seen that, in
these two embodiments, each of rotors 2 and 3 rotates in
the positive trigonometric direction and in the negative
trigonometric direction in response to driving pulses of
alternating polarity applied to whichever of coils 51, 52

and 53, is magnetically coupled respectively to the first



equal to -[err]/3 in the negative trigononetric direction. Figure 11
illustrates such a situation. If the control circuit of notor 1 then
applies a positive driving pulse to coil 51,2_5rragn_etic flux Fl generated by
this latter passes through magnet 4 in the direction going fromteeth 19
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magnet i c di pol eseéthwhasgplgrbnesr meanetxi 4 wakes apgltad esthedebifnathese
her ei nbefore w %thgs Qf l;eaet h 19, are all dipoles 6b. Figure 12
illustrates such a srttalion. If the control circuit of motor 1 then
applies a It is clear that numerous other embodiments of the

motor according to the present invention may be made
without however departing from the scope of this
invention. A few of such embodiments will be described
succinctly hereinafter, again by way of non limiting
examples, without being shown but the components thereof
being designated by the same references as in the
descriptions which were given hereinbefore.

In one of these embodiments, stator parts 11 and/or
12, and stator part 13, are formed and arranged so that,
in a piéne view of motor 1, such as that which is shown in
Figure 1, coils 51 and 52 are not superposed but staggered
in relation to each other. Such an arrangement allows the
use of coils 51 and 52 having a larger diameter than they
have in the example illustrated in Figures 1 and 2 without
the total thickness of motor 1 being too significant.

In another of these embodiments, magnets 4 and 5 of
rotors 2 and 3 are identical. It follows that numbers N1

and N2 of magnetic dipoles 6 included in magnets 4 and 5
are equal, as are angles 0] and 02 on the one hand and

angles PB1 and B2 on the other hand. Moreover,
aforementioned numbers ki and k2 are also equal, so that
angles Y1 and Y2 are also equal.

_ Finally, stator parts 11 and 12 are arranged and
placed so that the circles which circumscribe openings 14
and 21 have equal diameters and that teeth 19 and teeth 26



negative driving pulse to coil 51, magnetic flux F1 generated by this

| atter passes through magnet 4 in the direction going fromstator pole 31
towards teeth 19 as is shown in Figure 12. 20 Magnetic flux F1 thus has
the same direction in nmagnet 4 as the axes o"'f"magnetisation of magnetic
di.pol es 6b situafsdsbs\ﬂﬁgam {acire ngachet e, Fhcareiterlel i dh 3d negeeki c
flux F1 and the2magnetic flux generated by magnetic di poles 6a and 6b which

are partially facing_teeth 19 hgy .al so generates a nptor_torque which is
applied to rotor 2. THi {sstt}tfrﬁ v Ot%id‘u“tﬁfbt't ef§EteF Prgh th opas an
magneti sati on obpeadnet i cixikymesesibbdwikiyh &l l@iﬂ@ndehhhéldakﬁo aetiat est
rotor 2 in the l riggnonet.ri c directiqn..ln simlar_ manner to
that whi ch was ggg%&#égdkhgggin Sr0) ef“‘&%@PF}ﬂ%%% 553ﬂ§59%ﬁ?%1?%ra?he
end of the negathee dirvilegy pbhlish applricechstaridveéd Spemingsachés and nzxt

rest position yLERCLSARY USDhe o LEALDE Park@Slt POSAA! 935 Ad' in
summary, it is seen that rotor 2 rotates stepS.In the negative .
tri gonometric dFEBEPF oRaYES rkspiiteld.o ket etpudsés af rafial ndiregtion

pol arity succesgiygl Vhép@a%@doﬁ KLidpenling larr@ndkd0isegPat HAt ;I)aPE 01331}
absol utely not |pflyenced, X the driving Sulses applied to coil 51 since
t hese driving pEF?eélﬁscﬁb? cQhsB*tReCpatet@blof anyfurthermore, each of

these teeth is arranged facing one of teeth 19 or 20 of
stator part 11, and thus also facing one of teeth 26 or 27
of stator part 12.

These teeth of stator part 13 are all magnetically
coupled via the portion of this stator part 13 which
surrounds them and they form a stator pole with this
portion. This stator pole of stator part 13 is also
magnetically coupled to cores 54 to 56 of coils 51 to 53
via a connecting portion similar to connecting portion 34
described hereinbefore. A stator part 13 formed in this
manner allows magnetic flux Fl, F2, F3a and F3b to be
better directed into airgaps 41 to 48 and thus the
efficiency of motor 1 to be increased.

In another embodiment of the motor according to the
present invention, the mechanical connection and magnetic
coupling between stator poles 16 and 23 and with core 56
of coil 53 is assured as a result of the fact that stator
parts 11 and/or 12 are bent so that such stator poles 16
and 23 are in contact with each other in a zone far from
opening 14 and teeth 20 and, respectively, from opening 21
and teeth 27. Moreover, these stator poles 16 and 23 are
fixed to each other in this same zone, and one of them is
also fixed to the end of core 56 of coil 53, again in this
same zone.

In an alternative of this embodiment, stator poles 16
and 23 are not directly in contact with each other in the

aforementioned zone but are each in contact, with one of



magnetic flux in magnet 5 of this rotor 3. Figures 11 and 12 al so
respectively illustrate a case in which rotor 3 is in one of its first rest
positions and a case in which rotor 3 is in,gne of its second rest
positions. Flux F2 generated respectively by a positive driving pulse and a
negative drivi nghpuEaeegppfi ddhea endi ¢f520zee 54,5 ovlstdwnisn thuss @rfinpads
11 and 12. |t ige®@sdd r@en that, for S|n1Iar reasons to those which were
gi ven hereinbefore in the, case of rotor 2, rotor 3 also rotates through

successive steps in tthet %é%a@?%EeFrF@QQQﬁQﬁQQJcﬁ?%&ﬁlé% i Whishyaasaines
driving pul ses ¢lie ahé€ctiaet ¢4y mir&!dtﬁ}brﬁmﬂd ethgriettial lcidbpdhd e Gt

circuit of notor egsnns. such rotati, of rot 3 wll not

t herefore be dé?%.?%drﬁe?ﬁg ?? Fhﬁoﬁ§9@P Selﬁng&r?ﬁéa}%ﬂ(Ha%?¥%9¥9%o
not influenced fy Eipuwkd \i m@dpalsEheaeﬁbfeddées(nﬁﬂ éﬁisﬁ .nce 21 theze f
drivin ul ses do n g f neti.c ux in m o]
roégr g.pFigure 13 QF?Q§#$ egﬁgﬂ%§§§ gegmﬁggédnﬁ ors e%%ﬂeB éh%a%héi?

one of their fiastcerirepbeinedriy Qignflankdrsf dach iahseaath Hc%eimhdw
herei nbefore, apge Wi ghiY bk B_thht lRigs e&ﬂr?pf@tgﬂehegﬁalsh %] dthd:®

control circuit for notor then applies a positive se to col

I vin

53, the two por??%nEOFﬁaeaﬁ&g#QE @F|ﬁﬁﬂﬁﬁq(ﬁ9#mﬁﬂF%Yg§hérgﬂéakﬁyQﬁMGWanI

53 respectivel yag@pssSeh tir 0o@th Meynaid opftHot BarkAnst rageld facdint &3
20. All these angles at centre are equal to angle 07, and

thus to half of angle P1. In other words, if the angles at
centre formed respectively by the flanks of each of teeth
19 and by the flanks of each of teeth 20 are designated dj
and dz,d1=dz=01=0.5 B1.

The man skilled in the art will easily understand
that the positioning torgue applied to rotor 2 results in
fact from the algebraic addition of two antagonistic
torques due respectively to the presence of teeth 19 and
the presence of teeth 20.'Mbreover, the man skilled in the
art will easily see that the amplitude of each of these
two torques depends in particular on the ratio between
angles dj and, respectively, d2 which have just been
defined and angle PB1.

It follows that if equal values are selected for
angles di and d2, the rest positions of rotor 2 are always
those which have been described in the examples
hereinbefore, i.e. the phase-shift angles of magnetic
dipoles 6 with respect to teeth 19 and with respect to
teeth 20 are always both equal, in absolute value, to
201/3. In such a case, conversely, the amplitude of the
positioning torque applied to rotor 2 decreases or
increases according to whether angles d1 and dz are
greater or less than 0.581. In practice, values of between
0.3B81 and 0.7Bf1 will preferably be selected for angles da
and d2. It also follows that if different values are
selected for angles di and d2, the phase-shift angles of



in the direction of the nmagnetisation axis of nagnetic dipoles 6a of
magnets 4 and 5. These magnetic flux F3a and F3b have al so been synbolised
in Figure 13. This positive driving pulse apglied to coil 53 thus causes
torques to be applied.to rotors 2 and which tend tao rotate the rotars in
t he positive tln? TS r FEPRLESCtT ol Bini TFTR S sy oloﬁ%%%lhi ﬁgFiagrtlJ ewfﬁ‘oy
arrow R . |f nocedgect nkasureetls 20kbeconieesdifierent ofgolh aamicl3 phbher.
rotate sinmulta | Vi £ Naddte POPI 14 VErEALEPNEHRAT gL 8511 €8x RybaPAISE
to this positivedd vi hg pul se L ohT S5 ot PHER gt 021 | E8r, SRRl
driving pul se, terheplivide oD el Borawesfus testbeeprag@nceacfedseath

next rest positjon sWdcdhder FhfiP YRR Y e Idor RRE GG rt%Sttl'iéofi]:jﬂeis@i‘&e
This situation is illustrated in Figure 14. It (is easily seen that _if the
control circuitobf tasEBr 29 -t Hén 9w Bhakgadfvdis WaRepuFle Phass

53, hmagnet ic f|él.%if§aaﬁ@(1e|:]?@f ha:‘tpol'eedrmgvleetﬁ éeﬁtcbcﬁ: tgetw?l digegtd on
‘as the nmagnetisati axes o etic dipoles 6k, as.has been shown in
Fi gure 14. The %W%’:V\kﬁr&ﬁl?sg%g‘brk{ﬁ iv&h{eg rtg'{a(ﬂ gdhf Bhese tsﬁ'ﬁgtal%l\giteer?fs to
rotate themin theseodipoles t6 ivgidriomsspectdite ddenh 2nbadn séd. Iheamemt R .
Again, if no ot wﬁr@gﬁyr [ ken, rotors 2 and 3 thus rotate
sinultaneously'$§¥% e poéﬁi#@gg?r?'onqnetryc direction in response to this
negative driving pulBeisippatedrt gedeiiiaslym iaf ofr awrsedreverged if
driving pul se, indqishaft gl smatigBrafHahieagdiéh@)r next rest

In practice, the value of one of the phase-shift

angles of magnetic dipoles 6 with respect to teeth 19 or,
respectively, 20, may be selected between «o1/2 and

2.501/2. The values of the other of these phase-shift

angles is then determined by the fact that the sum of
these two angles is obviously always equal to 401/3.

It is unfortunately not possible to establish a
simple relationship allowing the values that angles dj and
d2 must have for the phase-shift angles which have just
been mentioned to have the selected values to be
determined.

In practice, these wvalues of angles di and dy are
determined by experimentation and/or by simulations made
with the aid of a computer.

The considerations which have just been made with
regard to rotor 2 and teeth 19 and 20 may obviously also
be made with regard to rotor 3 and teeth 26 and 27. These
considerations will not be repeated.

It will simply be mentioned that the amplitude of the
positioning torgue applied to rotor 3 may be changed by
giving angles at centre d3 and d4 formed respectively by
the flanks of teeth 26 and 27, different values to 0.5P2,
these values being preferably between 0.3B2 and 0.782.
Moreover, the values of these angles d3 and d4 may be
determined, by experimentation and/or simulations made
with the aid of a computer, so that one of the phase-shift



22 position, which is of course one of their first rest positions. It was
seen hereinbefore that, when rotor 2 or rotor 3 are in one of their first
rést positions, a positive driving pul se cauggs rotor 2 or rotor 3 to
rotate in the negative trigononetric direction if it is respectively
applied to coil 3391lg himagetiaAinpteR HoStt PRENEL Fortbet riespegectPon
if it is appliedee®ncod Hl, lHedpedtivelgqsIhl mdd aV@iFfeoERF Sv2188dc3

si mul t aneousl y i ng i S e j M N ul | i il 53
as has been des?rg?gtgd %gl}:gferﬁge‘%%,a%i%hﬂ%ﬁnb% I%er?zzﬁlael%f)% Edgglf%gdgﬁﬁﬁe—
order to do thi shitfite ammntesl thenchiatvioky rot vallei swih anhetd she haim vhen
it applies a dricyeB@ PWbSBhhSeClsiifdIndllesSimlkhARTOUS! ¥aapp!ies anot her
driving pul se of the sane polarity to coil 52 if rotor 2 Ts to be the only
one to rotate, or to coil 51 is rotor 3 is to be the only one to rotate.
Figure 13 illustrates such a case, in which rotor 2 has to rotate in the
positive trigononetric direction in response to a positive driving pul se
applied to coil 53. The control circuit of notor 1 thus applies, as the
sane time as this latter, another driving pulse, which is also positive, to
coil 52. Magnetic flux F2 generated by this coil 52 in response to this
second driving pulse is also shown in Figure 13. The features of notor 1
and its control circuit are determ ned so that the two torques which are
applied to



rotor 3 are equal in absolute value. Since these two torques -have the
opposite directions, they therefore cancel each other out. Rotor ﬁ&“‘““‘\v

remai ns i nmobile and only rotor 2 rotates through one s m‘\ m \
trigonometric direction in response to the pdditive dri \ B appl i ed

to coil 53. Fig&HIME i||ustrates a case in which only rotor® 3 has to
rotate through one step in the positive trigononetric direction fromone of

its second rest 23_positions in response tQ a.negative driving pul se
applied to coil d iéi%%%‘?cl’“??%} S ﬁnga}iﬁgﬁgcase, the control
circuit of notor 1 appliasfanstheotari V2hgapdl sesesbhdhrosoal $3) nagaei ¢e,

to coil 51. Mg ¢ fl. S | ' e n t he ly
tuo tor ques of SGEAtaniarhPaceahy gE g SuB Bk Aeoni@n’ BERARRRY,
so that rotor 2axisl é3kednghdcamylisbrar a3 forsat ed 4 hrandhaorseained i(A) f
res onsetotheﬂ%i LYLPAg AR € i ayT e ' o]
m)tgr 1in all the o:nﬁe‘r% glggggemﬁ?%éﬁ% ght %’cgsuérﬂivm'cﬁllsr;:gtg( )egg?ggc%r %%ggﬂﬁere
since it can easidly PRrERReREJNRIBATL REVARS HFRIPIAEIYRIEN ahdigisthedndea I n

the first enbodigeidn@f pheravies aseordagdetdd hAipEseant (&yendiLinged
descri bed herei nbefare,.  the phase-sqé}‘rt angle of , teeth 20 with respect to
teeth 19 and thé& 1Y hiRt 2 RGPS CUETED 7aRPRE SEdSb Ot 1Rt AX36

are (A), oriented substantially parallel to axis (A)
alternatively in a first direction and in an opposite
second direction and each having a radial geometric axis,
the geometric axes of two adjacent magnetic dipoles (6) of
said first magnet forming a first angle at centre having a
value of 01=360°/N1, where N1 is the number of magnetic
dipoles (6) of said first magnet (4), and the geometrié
axes of the two magnetic dipoles (6) adjacent to said
second magnet (5) forming a second angle at centre having
a value of 02=360°/N2, where N2 is the number of magnetic
dipoles (6) of said second magnet (5) '

- a first stator part (1l1l) including a first (15)
and a second stator pole (16) separated by a first stator
opening (14) and respectively including a first plurality
'of teeth (19) and a second plurality of teeth (20), the
teeth (19, 20) of said first and second plurality of teeth
extending radially, facing said first magnet (4), from the
edge of said stator opening (14) towards said rotation
axis (A) and each having a radial axis and two flanks, the
axes of two teeth (19) adjacent to said first plurality of
teeth and the axes of two teeth (20) adjacent to said
second plurality of teeth forming third angles at centre
having a value B1=201, and the teeth (20; 19) of one of
said first and second plurality of teeth being phase-
shifted with respect to teeth (19; 20) of the other of

said first and second plurality of teeth by an phase-shift
angle having a value equal to +20.1/3 in the negative

trigonometric direction;

R B T L T



respectively equal to +2[err]/3 and +2[err]/3 in the ne ' [ [ﬂiric
direction. In a second enbodi nent of the notor accordi nammmﬂmuﬂm I

i nventi on, which has not been shown, theSé}tﬁb phase-$h|fé %ngief_aﬁe *
respectively equal tq -2[e %%%- 18P Ned fad Degpilye (29

tri gonorretri c di rection%T%éeéérrg% S |?%L(La§5%nét¥1e g?‘% svl‘]l? e§_5| | y"see t(%a?,
in this second 8RBodi feHrthnatdedr P2 separatededyeeat sesopd sbabbr

IO e 2y ) mdhecaguativmypaggamets £ dhiselgapciy
to +2[err Wi respect to . , ,
228@ 3333 tg 9%[ éﬁf%if%s (/?n‘{)h 4réip%c%°PBtPe€%Hr2é1Me@fr dient b%"(:ﬁpi &

of its .first andeetbtspest2vel pf Sfﬁdndhiegtaﬁﬂsfb?gﬁﬁ-pLhFQ!&E§,ofgtéEEh
first and second_rest..positiqns of rotor 3, magnetic di pol es 6a, and, _
respectively GbQ%{F%ﬁéi&&gt ré“éé'l‘aé‘l%as%}%lrﬁqtiﬁl n=ERe eé‘?tqr\?é:tf%gong?‘@{“rl c
direction by anthegledigequd] stad.d+Zesrorld Ftaittdr rcqsq-m‘mgtozneetdmafﬁansaid
consequently, b I t Q.- 2] / A re t_tojee

oan Sk | FOTAARE 2oaM An) had S84k Ha0hhY SPRBENL S dd ohuo
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one

24 The nman skil wl | SO €easl 1at, S _
enbodi nent, dri ¥ilagksul $8e ekeal p&r hupi hgepbl 4261 yadpptentl to said shird

coi | 52 respect pIakk168YSBE’ 068Fh Zartd 1Y Uxed 0¥ QAR R (B9)PAEELELE:
an

trigonometric direction, whereas such driyving pul ses cause rotor
rotor 3 to rotaf® FAIEhECHERRIPIER g RIvdieatd fior@dngofourth angles at
centre having a value R2=202, and the teeth (27; 26) of

one of said third and fourth plurality of teeth being
phase-shifted with respect to teeth (26; 27) of the other
of said third and fourth plurality of teeth by a second
phase-shift angle having a value equal to +2a2/3 in the
negative trigonometric direction;

- a third stator part (13) including a fifth stator
pole (31) arranged between said magnets (4, 5), said
magnets (4,5) being further arranged between said fifth
stator pole (31) and respectively said first (15) and said
second stator pole (16), on the one hand, and said third
(22) and said fourth stator pole on the other hand;

.- a first coil (51) including a core (54) having a
first and a second end magnetically coupled to said first
stator pole (15) and to said fifth stator pole (31)
respectively;

- a second coil (52) including a core (55) having a
first and a second end magnetically coupled to said third
-stator pole (22) and to said fifth stator pole (31)
respectively;

- a third coil (53) including a core (56) having a
first end magnetically coupled to said second (16) and
fourth (23) stator poles and a second end magnetically
coupled to said fifth stator pole (31).

' 2. Electromagnetic motor according to claim 1,
characterised in that said second (16) and fourth (23)



when they are applied to coil 53. Mreover, said roter "ﬂ"ﬂ
rotate, alone, in said negative trigonometric direction ’ 5 H
are applied to coiI 52 and respectlvely, 514t the sane* tlng ian o th
sane polarity ag |ch are I|ed c0|I I S_obvi.ous t a e
t WO elrotbodi rrents ﬁavssb%]éﬁ 1§er #ﬁ%re?“r?&eﬁ%olbé( MEF e °fofbPREGSTt he
teeth formng p@rtSQtubnéGbT stator parts 11 and 12 and the teeth form ng
part of the other of SuchskalBhaBidectlndil,12RelhnGPPREl | HebYy 1

arranged as in the first Seco di ment descr ere|n ore.

the second enbo@hHFERC i REiE9DN hEhatnsefict eseqand h(26) apadHpuwctshi Kﬂédl
with respect togkeeidy 4o¥s alrandhe Eswedct Owigherdddi3 b@hébe 1@19%“ L¥fe

trigonometric directio vious that this fact nay al so be expressed
by saying that F@@PﬁelgrSWesﬁhgs€1€$ﬁft%&?vﬁ4414%§ﬂﬁ99%v ¥t 86cRndoskatan
angl e equal to opeainp/ 321plso in the negative trlgononetrlc direction. It

is thus seen that, in th enbodi nts descri bed |nbefore there is
always a first of the fwglﬁmgF8F$¥¥§%‘%ﬁ f%ﬁ%ﬂt'o? §P o 1 @i chli s

phase- shifted wharacdspdcted dnt hehatecohd nﬁmbbesmﬂnnf[magﬁéti¢edlpéléeeth
by an angl e equalgyt il 3skn e [ n C t {.9n n
t%e flrs? enbod?géngfgéggﬁi%egskegggﬁggfggs 18 %&hggfggg%ﬁé nghﬁgﬁ 2%
second pl ural i t pgRatd& tﬁ%ersesb@ct?ﬁeﬁ?léoﬁwppdt aRanet edih ZDnanliat

teeth 19, whereaadm bhe tIRCOPdeeROdigTENS oflesss | Bad aher sl pPelore. o gsag
t wo pluralltlesgﬁre respectlveg%ﬁﬂﬁgstltuted by teeth 19 and teeth t

is al so seen t hRLIUTRIE1ES of A AHTRREed facing one of the teeth
(26, 27) of said third and fourth pluralities of teeth and

that said fifth stator pole includes a fifth plurality of
teeth, each arranged facing one of the teeth (19,20) of
said first and second pluralities of teeth.
5. Electromagnetic motor according to claim 1,
characterised in that the angles at centre formed by the
' flanks of each of the teeth (19) of said first plurality
of teeth and the angles at centre formed by the flanks of
each of the teeth (20) of said second plurality of teeth
have wvalues such that in the absence of any other
influence, said first rotor (2) occupies an angular
position in which the geometric axes of the magnetic
dipoles (6) of said first magnet (4) are phase-shifted
with respect to the axes of teeth of one of the first (19)

and second (20) pluralities of teeth by a third phase-
shift angle having a value comprised between +01/2 and

+2.5011/3 in the negative trigonometric direction.

6. Electromagnetic motor according to claim 1,
characterised in that the angles at centre formed by the
flanks of each of the teeth (26) of said third plurality
of teeth and the angles at centre formed by the flanks of
each of the teeth (27) of said fourth plurality of teeth
have values such that in the absence of any other
influence, said second rotor (3) occupies an angular

position in which the geometric axes of the magnetic



bot h enbodi nents descri bed herei nbefore, magnetic di
respectively, 6b of nmagnet 4 are phase-shifted in pﬁmumnﬂﬂml\uﬁull
trigononmetric direction by an angle equal t&4+2[err]/3 with'redpett to the
teeth of the fi rakitycof _t.eet :Qﬂﬁi n - rr) /3 .w.th
respect to the 4%3?%% ?%Lexgeggégep#ura |%a%?e€eg%ﬁ ?%et ﬁ%‘sfsielr—_ss?u\gntaed
second rest postitlorresifeqtottor the sxgs| af teathdef aene st rihe Hehindie( 26)
regards teeth Z6,@ndodfcfl (3hat YLl de@nde’ ebeitnd B £hehs raS3eLAl-ed
t hereto. Thus, it.%soseeﬁ t( a? .%ign botJF11errbodi ment s dﬁggri bed JHﬁerzi nbef ore,
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and, respectivetd,5ax6 R Ghes nelgatévehttigdnometr ieshiartcttiont.he second of
t hese two pl uralities7 of teeth, i.e. teeth 26 and teeth 27 respe]ictjvelsy, by
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Li kewi se, in thchdmoceabbsedenhs thesc ruhze dclnerdi piveed o+ shi fraganatyile dthapoles

6a and 6b respegtiwe! MubAadfaenal aqhh® BHasgas/ifted in the negative
trigononmetric direction by an angle of +2[err]73 with respect to the teeth

of the first pluralit8. #lacomagneticormpher keoddbppgartanglah 6,

-2[err]/3 with Lespectetpsddeid seidt ofnihe B & alrdie Had @8WL Ale

such stator part 12$| %Ihﬁrfl r st lant(:l) S cop rest positions of rotor 3. As

was seen her ei Y&V INA SR of tégfxﬁ 9 is only magnetically connected

to coil 51, and pluraitBleédtromagnetic motor according to claim 5,
characterised in that the angles at centre formed by the
flanks of each of the teeth (19) of said first plurality
of teeth and the angles at centre formed by the flanks of
each of the teeth (20) of said second plurality of teeth
have values comprised between 0.3f3] and 0.78].

10. Electromagnetic motor according to claim 5,
characterised in that the angles at centre formed by the
flanks of each of the teeth (26) of said third plurality
of teeth and the angles at centre formed by the flanks of
each of the teeth (27) of said fourth plurality of teeth
have values comprised between 0.382 and 0.782.



teeth 26 is only magnetically connected to coil 52. Conversely, plurality
of teeth 20 and plurality of teeth 27 are magnetically connected together
to coil 53. On the other hand, magnet 4 of ¥btor 2 is nagnetically coupl ed

to teeth 19 a“%B's%Rh@%t h EQ:c HUMAAE TIRIMRITOR WITHOWRO oA IWegnet i cal |y
:coupled to teeth 26 and RYTORSLN 2/. By conparing tne operation of the two
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which is also defi nq@@%ﬁ&!&betw eintluéSs SeRRebN@lcatior tﬁh@ﬁ@stm 12,
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direction and | th@nﬁeg'é‘f’?v§qar’f oFBHE dil fect bn §afh edpsilding a
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and 53, is magnet.icall ed r ver he fir 26 _and ond
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3. |If the coil respsutdiveillyesbhedsevdong qs)tdttsws pzurleasap(ﬂm)ed The tﬂa&temeemhch
is connected t :;yﬁ)_ a i e th as 3.in

t he exanpl es hg:rel n P%%éreltb’to ?Eg%%ll gggﬁé 0 rot%rsé ?f §3has o] r% tate

i h response t o Rlvaed idm \ﬂfngesﬁhsé%9 ot her2@r i3 g tpaaarednsitharespect

applied, in SyRNIRR SYROMHR .t ke PhEVLEYE ﬁa@&m Wi k&t RAlarhty
as the Iatter to whi chever of the two other coils 51 or 52, is connected

to the plurali tyPf mf“@@?ﬁ’-@oﬁf%l?% tEYnAE 4tBRiE Magnrtst Hér of) t RESe
rotors 2 or. 3. phase-shifted with respect to the respective teeth (19,

20, 26, 27). Two coils (51, 52) are each coupled to a
stator pole (15, 22), a third coil (53) is coupled to the
other two stator poles (16, 23).

As result of this arrangement, the motor (1) is
compact and its rotors (2, 3) are able to rotate in both

directions independently of each other.

Figure 2



It is clear that nunmerous other enbodi nents of the notor according to the
present invention nmay be nmade w t hout however departing fromthe scope of
t.his invention. A few of such enbodinents will be described succinctly
hereinafter, again by way of non limting exanples, w thout being shown but
tthe conponents thereof being designated by the sanme references as in the
descriptions which were given her ei nbef ore.1{¥ one of these enbodi nent s,
stator parts 11 and/or 12, and stator part 13, are forned and arranged so
that, in a plane view of motor 1, such as that which is shown in Figure 1,

coils 51 and 52_are not superposed but staggered in relation to each other.
Such an arrangjﬁﬁ?t |l ows the use of cojls 51 and 52 having a | arger
di aneter than they have in the exanple ijlustrated in Figurles 1 and 2
wi thout thg total thickness of notor 1 bETng t sigmticC . I'n anot her of
t hese enbodi ments, magnets 4 and 5 of rofors 2 and 3 are identical. It
follows that nunber$5\N1 28d N of hEgnetjc di pol 466 28cl uded i n nmagnets 4
and 5 are , as pre angle [err].andLLerr] on\t he pne 4an and angl es
[err] and on \the \ ot he ha reover, /af orenmentli oned nunbers
k[err] and ¥[err] I rr nd Jerr] are also
equal . Final s{at or\par and 1 sarra and pl 50 t hat ﬂﬁe
circles which™rgunscti peni n e equal di ters d at
teeth 19 and teeth 26 71 4 ' 20a

N, 5 ,- 12

9a / -’




are situated facing each other, as are teeth 20 and teeth 27. In this
enbodi nent, stator part 13 also has an opening circunscribed by a circle
centred on axis of rotation A and having substantially the sanme di aneter as
the circle which circunscribes openings 14 and 21 respectively
arranged in stator parts 11 and 12. As in stator parts 11 and 12, teeth
extend in a radial direction fromthe edge of the opening arranged in
stator part 13 in the direction of axis of rotation A Furthernore, each of
these teeth is arranged facing one of teeth 29 »or 20 of stator part 11, and
thus also facing one of teeth 26 or 27 of stator part 12. These teeth of
stator part 13 are all magnetically coupled via the portion of this stator
part 13 which surrounds themand they forma stator pole with this portion.
This stator pole of stator part 13 is also nagnetically coupled to cores 54
to 56 of coils 51 to 53 via arconnectNn ) | *rarS!o connecti ng

f d in this manner
jfected into airgaps
41 to 48 and thus the efficiency ' eased. In anot her

atl 23 and with
tf that«stator parts 11
34reNn contact with

Z§ and, respectively,
Ty
~ (4]
7 —— M

core 56 of coil 53 is assykéd

and/or 12 are ber so that_suc
each other in a zpne far fonomop
from opening 21
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and teeth 27. Mreover, these stator poles 16 and 23 are fixed to each
other in this sanme zone, and one of themis also fixed to the end of core
56 'of coil 53, again in this same zone. In an alternative of this

enbodi ment, stator poles 16 and 23 are not directly in contact with each
other in the aforenentioned zone but are each in contact, with one of 28
the faces of the end of core 56, which is thus gripped between them 1In
this latter enbodi ment, strut 61, which assgifs t he mechani cal connection
and magnetic coupling of stator poles 16 an 22 in the exanple illustrated
in particular in Figures 1 and 3, therefore does not exist. In the

enbodi nents descri bed herei nbefore, the angles at centre fornmed by the

fl anks of each of teeth 19 and by the flanks of each of teeth 20 are equal
to each other, and to the angles at centre formed by the flanks of two

adj acent teeth 19 and by the flank adj acent teeth 20. Al these
angles at centre are equal to angl and thus to half of angle [err].
In other words, if the a at cpERb d respectively by the flanks
of each of teeth 19 and t he™N{l chhof tgeth 20 are designated
dierr] and d[err],d[err]=d[err]= err]. ™e man skilled in the art
w Il easily understand that th o Ng torque applied to rotor 2

results in fact fromthe al geb on of two antagonistic

X
X
X
) o

Fig. 3
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torques due respectively to the presence of teeth 19 and the presence of
teeth 20. Moreover, the man skilled in the art will easily see that the
anplitude of each of these two torques depends in particular on the ratio
bet ween angles d[err] and, respectively, d[err] which have just been
defined and angle [err]. It follows that if equal values are selected for
angles d[err] and d[err], the rest positions of rotor 2 are always those
whi ch have been described in the exanples hgygpnbefore, i.e. the
phase-shift angles of magnetic dipoles 6 with respect to teeth 19 and with
respect to teeth 20 are always both equal, in absolute value, to 2[err]/3.
In such a case, conversely, the anplitude of the positioning torque applied
to rotor 2 decreases or increases according to whether angles d[err] and
dierr] are greaterFy‘Ieif than O0.5[err]. In practice, values of between
0.3[err] and 0.7[e r|]gvv| preferably be selected for angles d[lerr] and
dlerr]. It also follows that if differeny values arg{selected for angles
dlerr] and d[err], the phase-shift angle$ of 29 gnhetic dipoles 6 with
respect to teeth 19 and with respect to teeth 20 bedqone different from each
other. Thus, if angle d[err] is greater | e 412, for exanple, the
anplitude of the torque due to the p )@f‘ reeth 19 is greater than
that of the torque due to 1Y 0. It faollows that, in
this case, the phase- shif h respéct to teeth 19 is




smal ler, in absolute value, than the phase-shift angle of these dipoles 6
wWth respect to teeth 20, in all the rest positions of rotor 2. This latter
relrationship is of course reversed if angle d[err] is snmaller than angle
dierr]. In practice, the value of one of the phase-shift angles of nagnetic
di poles 6 with respect to teeth 19 or, respectively, 20, may be sel ected
between [err]/2 and 2.5[err]/2. The val ues gy ghe ot her of these
phase-shift angles is then determned by th f4ct that the sumof these two
angl es is obviously always equal toA[err]/3. It is unfortunately not
possible to establish a sinp rexp flonshi p all owi ng the val ues that angl es
dl and d2 nust have for tig dﬁa (ft, angl es which have just been

menti oned to have the seleée te Y be determ ned. In practice, these
val ues of anglﬁigﬂ‘ nd d2 y experinmentag on and/ or by

si mul ati ons t he ai The consi de igns whi ch have
obvi ously

considerations wll |oned5that t he
anplitude of the positioning X g\ be changed by
giving angles at centre d34an% AN H , B| ¥ tanks of
teeth 26 and 27, differep W : P S

preferably between 0.3[ g g Nk & gV ¢ g es of these

angl es d3 and d4 may bg
made
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with the aid of a conputer, so that one of the phase-shift 30 angl e of
magnetic dipoles 6 of magnet 5 with respect to teeth 26 and, respectively,
27, has a different value to 2[err]/3, between [err]/2 and 2.5[err]/3, the
ot her of these phase- shift angles then having a value such that the sum of
t hese two phase-shift angles is equal to 4[err]/3. 31 CLAI M5 1.

El ectromagnetic nmotor including. - a first rzggr (2) and a second rotor (3)
able to rotate independently of each other Q t a conmon rotation axis (A
and conpri sing a flrst (4) and a second (5) permanent nmagnet respectively,
said first a second (5) pernanegi magnet havi ng respectively a
first and a s cond plurality ofy mag gli poljes ) arranged regularly in
a annul ar manner about said rota&ti oriented substantially
parallel to axis (A) alterngty , di and in an opposite
second direction and Q&ph gegnetric , the geonetrlc
axes of two adjacent ma of jsaid first magnet forging a
first angle at cent err]=3g8Lerf]/ N1, where is the
nunber of magnetic 'rs7 mag 4), and the gg¢onetric

2

23




axes of the two magnetic dipoles (6) adjacent to said second magnet (5)
formng a second angle at centre having a value of [err]=360[err]/ N2, where
N2 is the nunber of magnetic dipoles (6) of said second nagnet (5) - a
first stator part (11) including a first (15) and a second stator pole (16)
separated by a first stator opening (14) an8/}2spectively including a first
plurality of teeth (19) and a second plurality of teeth (20), the teeth
(19, 20) of said first and second®plural ity of weeth extending radially,
facing said first magnet (4), frosrthe ete of s@id stator opening (14)
towards said rotation axis (A) and each Having radial axis and two

fl anks, the axes of two teeth (193 adj ac}t to }id first plurality of
teeth and the axes of two teet w adj dcent td saigl second plurality of

nl

teeth formng third angl es at _ge hayMg a e |err]=2[err], and the
teeth (20; 19) of one of sai d-f|i fsiJand} se

phase- shifted with respect toltget F\@Q'
and second plurality ab_teet h-byl-omlphap
to +2[err]/3 in the n&Yatyveltri jondnet
stator part (12) includinp althi diZé and
separated by a second st af or opehi ng+-
third plurality of tdeth ‘bﬁﬂ‘a_nj‘a“‘f'ﬁ'n
teeth (26,27) of said third and fourfth plur

pldB{ ity of teeth being
bf tlhel ot her of said first

k-H-waftgle havi ng a val ue equal
bct ijon; 32 - a second
cour|t h_$t atjor _pol e (23)
esdectfvelly 1 nchudi ng a
= qu tketly (27), the
y teeth
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extending radially, facing said second magnet (5), fromthe edge of said
second stator opening (21) towards said rotation axis (A) and each having a
radi al axis and two flanks, the axes of two teeth (26) adjacent to said
third plurality of teeth and the axes of two teeth (27) adjacent to said
fourth plurality of teeth formng fourthséﬁéles at centre having a val ue
[err]=2[err], and the teeth (27; 26) of one of said third and fourth
plurality of teeth being phase-shifoed with respegl to teeth (26; 27) of
the other of said third and fourth gfurality of tegth by a second
phase-shift angle having a value equal to #2a2/3 ijn the negative
trigononetric direction; - a third at or aﬁrt (1 including a fifth
stator pole (31) arranged between sdid magrlets (4,Y5),, K said nagnets (4,5)

e

being further arranged between i fth t or /dQhe 131) and respectively
said first (15) and said secon t po 18)} orgpe one hand, and said
third (22) and said fourth stato ':ﬁ? t hg®@t _er |haphd; - a first coi
(51) including a core (&) havi i anc_a_iﬁg;nd gn&;nagnetically
coupled to said first sft |l e 15! and tq sald fli #t{p—sHat or pole (31)
respectively; - a second coil (52)-+4l ng cprad(b hgving a first and
a second end nagneticakly clouplfed o saigi t hijr §tatu~\1uhe—62 dto
said fifth stator pole|(31)Lrespecii™réty| - d—thijwdledi| (H3) influding a
core (56) having a first end magneftically|l cogplep tq s \g.gée dl(16) and
fourth (23) stator Re] s and a secfon u@g? magr@tyTatll y cagpl ed t¢ said
fifth stator pole (31) 8\ —_ — I @c:
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2. Electromagnetic nmotor according to claim1l, characterised in that said
second (16) and fourth (23) 33 stator poles are nmagnetically coupled by
neans” of a spacer or strut (61). 3. Electromagnetic notor according to
claim1l1, characterised in that said sqfﬂﬂg (16) and fourth (23) stator
poles are in contact with each other i 'a zone renote fromsaid first (14)
and respectively second stator opening (21). 4. El ectromagnetic notor
according to claim1, characterisefdin that the M@nber N1 of magnetic
dipoles (6) of said first magnet (& is efBal to4he number N2 of magnetic
di poles (6) of said second nmagnet (|5), in fhat each of the teeth (19, 20)

of said first and second pluraliti of tegeth is wrranged facing one of the
teeth (26, 27) of said third and fourth pluralities of teeth and that said
fifth stator pole includes a fifth ur ali of h, each arranged facing
one of the teeth (19,20) of said H-+gt ahd qg | uralities of teeth. 5.
El ectromagnetic notor according jto bﬁ% m {1, arfacterised in that the
angl es at centre forne t he fl| gm¥eg of |each ofl«he teeth (19) of said
first plurality of teetM afd tlhe &nglles &t clentde fprngd by the flanks of
each of the teeth (2Q)_of $aid se¢on \% ral '%l‘pf eetth_hhve val ues such
that in the absence of anyjother ijﬁluen e, saic_LLrst rotpr (2) occupies
an angul ar - N
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position in which the geonetric axes of the magnetic dipoles (6) of said
first magnet (4) are phase-shifted with respect to the axes of teeth of one
of the first (19) and second (20) pluralities of teeth by a third phase-
shift angle having a value conprised between +[err]/2 and +2.5[err]/3 in

t he negative trigononetric direction. 613?3§ctronagnetic nmot or according to
claim1, characterised in that the angles at centre forned by the flanks of
each of the teeth (26) of said thifd plurakity of®eeth and the angles at
centre fornmed by the flanks of eacffof th&teeth{27) of said fourth

plurality of teeth have val ues such| that ip the apsence of any ot her
i nfl uence, said second rotor (3) ocgupies yn anguyar position in which the
geonetric axes of the magnetic di pol es (6)’% sai d second nmagnet (5)
are phase-shifted with respect toft ax t ¢get™] of one of the third
(26) and fourth (27) pluralities eel tn/éSJJ%FFﬂ phase- shift angle
havi ng a val ue conpri sed between ta2/P-@nd . 542/3lin the negative
trigononmetric directio@_{. Elect netli ¢ pot gr*agcording to clai mb5,
characterised in that tMe Yhir phaset shijfft prglle hps vajue substantially
equal to +2[err]/3. 8. _Elegtr eLIC @t or OoTding to_¢laim6,
characterised in that thirdg ph se~shiFT¢%ngIa hgs afvallue gubstantially
equal to +2[err]/3. 9. Ele grEfT: mdt or | acdord ng LL@E315,
' Q
) e O
~©
o - —-
N\ 8‘
- - "\8 - - -
— —~— =
No) (oY}
g e ©X
Jv] \-co
8 - —
ANl - (cg‘
- - -\ég - - -
— - - «©
P~
o] 3]
-\_8 m\h_ m
o —— —
8 N
S ol L8 ~
03\ LL MO 1N
-~ [~ J —f- - }
-t >
- - 8 - -
'~ _Q N~
| e =g
S ~— — \_UON Y
o]
- - Ql
(o)} L. ‘~ég © L
~ \[E J |- | )
-t >
- - [ 1 A 8\ 1 - -
4&' - - -\ N_©
Y N . — ~ QN
7o) © )
- 4 «© O K AN
p2s L. ™ © T
-~ j — — )
-
AN - - o - -
~— 1 o © ¥ -
. ~© N~ ©
o)) - —
LL
“— U




characterised in that the angles at centre fornmed by the flanks of each of
the teeth (19) of said first plurality of teeth and the angles at centre
formed by the flanks of each of the teeth (20) of said second plurality of
teeth have val ues conprised between 0.3[err] and 0.7[err]. 10.

El ectromagnetic notor according to claimcharacterised in that the
angles at centre forned by the flanks of each of the teeth (26) of said
third plurality of teeth and the afdl es at—centremformed by the flanks of
each of the teeth (27) of said fourth plufality ab teeth have val ues

conpri sed between 0.3[err] and 0.7[rﬁr]. L ¢
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