1 .ELECTROVECHANI CAL TRANSDUCER COVPRI SI NG TWO ROTORS The present -
|nve”T|on concerns an el ectronmechani cal transducer conprising two rotors,
notably a notor of the type used in tinmepieces. An aimof the present
invention is to provide an el ectronmechani cal transducer, notably of the
type used in tinepieces, conprising two rotors capable of being
I ndependently controll ed of each other in %.relatively easy manner in both
possi bl e rotation d|rect|ons The present invention thus concerns an
el ect r omechani cal EECH 1330 UCE MBRES Y] ROTY '
stator hole and a second stator hoIe - a f|rst rotor and a second
rotor rotatably nmounted and traversing respectively the first and second
stator hol es, each ofhéhpseséntsinmerdtienordnternssanokieictirvgerherigarient
magnet nagnetic ed [Q..sakd_s Q Th| r hani
transducer is cﬁ%%éggggggeg nr?%%gge%?h EPtOFE g?ggﬁdgsgpg bﬁ
hol es i s definetiyvbg usédrin timepdecpsl.e, a second stator pole and a th|rd
stator pole, said figgst d c ak Ly f h

At a3hd secend E‘%%%&xlbogirg&er?é‘iréﬂ KLy e be@Qd% &n

first stator hole belng magnetica st neans for ing the

magnetic flow, ?%CFFP’%CB%:L%%%O‘%P%%@R#r 'pd?%tsali@é’r afarghe d:émen"%‘-f’@dt A&
second stator helifiepdidt@sTag Amgowcedrlaxo&ecoaapm@ o Buikdigng
the magnetic flow. The first an r(r_g_nd netlﬁ g gui di ng nians ar.e
coupl ed respect FRERPERARPRLIY; conty iﬁﬂ: ePEeL PH 2 nEEREL VR Y wo
third stator poéawhmmgemgnﬁdtmbbxscbmalfdtaiuom dikectépdsof a stator
ar m whose second endaks ma g%tlc &Iy cou;%Ie;c:n]r 0 atg first _and second
magnetic flow guidin mean®; SSaTH" st at BY “Arm HRi Bﬁpl e CRIFTERI r 922
magneti c supplyeheetmpmechanﬂqala¢manddncer compﬁlsndger features of the

el ectromagnetic transduger ;pcegrdidiei0ihe d WEPLL Okl hole and a

second statoxr hole,

-

- a first rotor and a second rotor rotatably
mounted and traversing respectively the first and second
stator holes, each of these first and second rotors
comprising a permanent magnet magnetically coupled to said
stator. .

This electromechanical transducer is characterised in
that each of its first and second stator holes is defined
by a first stator pole, a second stator pole and a third
stator pole, said first and second stator poles partially
defining the first stator hole being magnetically coupled
by first means for guiding the magnetic flow, the first
and second stator poles partially defining the second
stator hole being magnetically coupled by second means for
guiding the magnetic flow. The first and second magnetic
flow guiding means are coupled respectively with' first and
second magnetic supply means, the two third stator poles
being magnetically coupled to a first end of a stator arm
whose second end is magnetically coupled to said first and

. second magnetic flow guiding means, said stator arm being
coupled with third magnetic supply. means.

In accordance - with other’ features of the
electromagnetlc transducer accordlng to the invention, the
permanent magnet of each of the two rotors is bipolar with .
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pernanept magnet of each of the two rotors is bipolar with

2 %adial magnetisation defining a magnetic axis of this permanent nagnet,
the permanent magnets of the first and second rotors being respectively
positioned inside the first and second stator holes. Further, in order
to enable control in a stepping node of the el ectronechani cal transducer
according to the invention, positioning notches are provided. on the edge
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polarlty of the
of the magnetic axis of this permanent magnet is aligned

with the second stator pole partially defining the stator
hole in which this permanent magnet is housed.

According to a. particular embodiment of the
invention, the first, second and third maghetic supply
means are formed respectively by first, second and third
coils.

It follows from the features of the above described
preferred embodiment that it 1is easy to control
independently each of the two rotors of the
electromechanical transducer according to the invention in
both possible rotational directions with the aid of a
control method which is also an object of -the present
invention. _

This control method according to the invention is
characterised in that all that;is provided. for driving the
first rotor in rotation in a first rotational direction,
while leaving the second rotor in one of its two minimum
energy positions, is only the supply of the first ﬁagnetic
supply means with an alternation of the polarity of the
supply current provided to. these first magnetic supply
means and, in a Second rotational direction, all that is
provided is the supply of the third magnetic supply means,
with an alternation in the polarity of the supply current -



supply gurrent provided to these first magnetic supply neans and, ina
second rotational direction, all that is provided is the supply of the
third nmagnetic supply nmeans, with an alternation in the polarity of the
supply current 3 provided to these third
magneti c supply neans, jointly with the gupply of the second nagnetic
supply neans so that the magnetic flaqw,_resulti,ng fromthe supply, of these
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conpri ses a stator defining a first stator
supply means, in particular three c01ls

Other features and advantages of the present
invention will be better described with the aid of the
following description made with reference to the attached
drawings, given purely by way of non limitiné example, in
which:

Figure 1 is a top view of a first embodiment of an
electromechanical transducer according to the invention;

Figures 2 to 9 are schematic diagrams of the
transducer of figure 1 used to explain the magnetic
operation of this transducer controlled according to the
control method of the present invention;

- Referring to figure 1, a first embodiment of an
electromechanical transducer according to the invention
will be described.

In said figure 1, the electromechanical transducer 1
comprises a stator 2 defining a first stator hole 4 and a
second stator hole 6. More particularly, each of these
first and second stator holes 4 and 6 is defined by a
first stator pole 8a,  8b, a second stator pole 1l0a, 10b
and a third stator pole 12a, 12b.

Electromechanical transducer 1 also comprises a first
rotor 14 and a second rotor 15 traversing respectively
first stator hole 4 and second stator hole 6. Each of -



second stator hole 6. Mre particularly, each of these first and second
stator holes 4 and 6 is defined by a first stator pole 8a, 8b, a second
stator pole 10a, 10b and a third stator pole 12a, 12b.

El ect ronechani cal transducer 1 also conprises a first rotor 14 and a second
rotor 15 traversing respectively first stator hole 4 and second stator hole
6. Each of 4 these first and second
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ener gy -posi ti on¥5Swherf theounénsﬁm’cerImsamlotabtlppnaeuvw tembodiment (not
shown), each of stator poles 8a, 8b, 10a, 10b, 12a and 12b
define an angle at the centre of 120°.

The particular arrangement of the stator poles
defining stator holes 4 and 6 defines an axial symmetxry in
the plane of the stator for each of the two areas
respectively surrounding stator holes 4 and 6, the axis of
the axial symmetry being designated by the reference 24a,
24b respectively. Permanent magnets 18a and 18b are
bipolar with radial magnetisation and thus each possess a
magnetic axis 26a, 26b (shown in figures 2 to 9). In light
of this and given the aforementioned axial symmetry, each
of these permanent magnets 18a and 18b possess two minimum
energy positions when the transducer is not supplied with
current. Magnetic axes 26a and 26b of these two permanent
magnets 18a and 18b have directions respectively parallel
to symmetry axes 24a -and 24b when each of permanent
magnets .18a and 18b is in one of its two minimum energy
positions.

'First stator pole 8a and second stator pole 1l0a are
magnetically coupled to each other by magnetic flow
guiding means 28 . Likewise, first stator pole 8b and
second stator pole 10b are magnetically coupled to each .
other by magnetic flow guiding means 30. Magnetic flow -



current, Magnetic axes 26a and 26b of these two pernmanent nagnets 18a and
18b have directions respectively parallel to symmetry axes 24a and 24b
when each of permanent magnets.18a and 18b is in one of its two m ni num
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It will be noted that, in an advantageous manner, two

positioning notches 50a and 50b diametrically opposite
each other in relation to symmetry axis 24a and 24b are
provided on the edge of each of the two stator holes 4 and
6. These positioning notches 50a and 50b are used to
generate a positioning torque of permanent.magnet 18a,
18b.

It will also be noted that magnetic axis 26a, 26b of
permanent magnet 1l8a, 18b is-aligned with second stator
pole 10a, 10b when rotor 14, 15 is in one of its two
minimum energy positions.

In figure 1 another notch 52a, 52b has been provided
on the edge of stator hole 4,6. This notch is used to
balance the attraction forces exerted on permanent magnet
18a, 18b by stator poles 8a, 1l0a and 1l2a, and 8b, 10b, 12b
respectively. It will be noted that a notch of this type
is not essential for the proper operation of the
electromechanical transducer according to the invention.

Referring henceforward to figures 2 to 9, a control
method according to the invention for the above described
electromechanical transducer will now be described.
Figures 2 to 9 are schematic diagrams of the
electromechanical transducer of figure 1 in which the
whole of stator 2 is shown in projection in a single
identical plane, while the stator of electromechanical -



on the edge of stator hole 4,6. This notch is used to balance the
attraction forces exerted on pernmanent nagnet 18a, 18b by stator poles 8a,
10a and 12a, and 8b, 10b, 12b respectively. It will be noted that a notch
of this type is not essential for the proper operation of the
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mentioned in fi grqxrlgspermaneht xgggl;gtt_s? rf8na(.: egng 18913 cgelongmg respectively
to the two rotors 14 and 15. Magnetic axis 26a of bipolar
permanent magnet 18a is represented by a first arrow and
magnetic axis 26b of bipolar permanent magnet 18b is
represented by a second arrow. .

Only the references needed for the description of the
control method according to the invention have been
mentioned in figures 2 to 9. The references already -
described during the description of figure 1 will not be
described again here in detail.

Figures 2 and 3 show schematically the control method
for driving only rotor 14 in rotation in the negative
direction, while 1leaving rotor 15 in one of its two
minimum energy positions.

"Negative direction" for the rotation of a rotor, is
used to mean a rotation in a clockwise direction. Thus,
"positive direction® of rotation, is used below to mean a
rotation in an anticlockwise direction.

In order to drive rotor 14 from the first minimum
energy position in which it is shown in figure 2 to its
second minimum energy position in which it is shown in
figure 3, coil 36 is supplied with the aid of a supply
current having a first polarity so as to generate in core
32 a magnetic flow 60. This magnetic flow 60 generated by -



describged during the description of figure 1 will not be described again
her'e in detail. Figures 2 and 3 show schematically the control nethod
for driving only rotor 14 in rotation in the negative direction, while
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18a, in substantially equal parts, fromsecond and third stat.or ,
supply current having a second polarity opposite to said
first polarity. This supply provides a magnetic flow 64 in
core 32. This magnetic flow 64 propagates in the stator to
reach the volume defined by permanent magnet 18a, in
substantially equal parts, from second and third stator
poles 10a and 12a and to exit again from this volume via
first stator pole 8a.

The global propagation direction of magnetic flow 64
traversing the volume defined by permanent magnet 18a is
represented in figure 3 by arrow 66. Magnetic flow 64
traversing permanent magnet 18a generates a torgue on this
permanent magnet 18a -used to turn rotor 14 from the second
minimum energy position shown in figure 3 to the first
minimum energy position shown in figure 2.

Thus, by supplying coil 36 with a supply current
having an alternating polarity, it is possible to turn
rotor 14 by steps of 180° in a negative rotational
direction, without driving rotor 15 in rotation.

The fact that rotor 15 is not driven in rotation
simultaneously with rotor 14 is due to the arrangement of
the stator of the electromechanical transducer according
to the invention. No principal magnetic circuit traverses
.the volume defined by permanent magnet 18b of rotor 15
when coil 36 is supplied. Only negligible secondary-



poles 1pa and 12a and to exit again fromthis volune via first stator pole
8a. The gl obal propagation direction of magnetic flow 64 traversing

t he vol une defined by permanent nagnet 18a is represented in figure 3 by
arrow 66. . Magnetic flow 64 traversing pergpmnent nmagnet 18a generates a
torque on this permanent nmagnet 18a used 1o turn rotor 14 fromthe second
m ni mum energy positiqgn shown in figure 3 to the first n1ni§#n1energy
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driving of rotor I'n rotation rve direttion, Ich TS shown in
figures 4 and 5figuresFigap@s 4 and 5 shom1schenat|cally the control nethod

for driving only rotgfplpesid érRiaé Iy BchBRaReehilyerde &6 VNS

| eaving rotor 14 in one of its
for driving only rotor 15 .in rotation in the positive

direction, while leaving rotor 14 in one of its two
minimum energy positions.

In order to drive rotor 15 from its first minimum
energy position in which it-is shown in figﬁre 4 to its
second minimum energy position in which it is shown in
figure 5, coil 38 is supplied with a supply current having
a first polarity so as to generate a magnetic flow 68 in
core 34 of this coil 38. This magnetic flow 68 enters the
volume defined by permanent magnet 18b wvia first stator
pole 8b and exits again from this volume in substantially
equal parts via second and third stator poles 10b and 12b.
The global direction of magnetic flow 68 traversing
permanent magnet 18b is represented by arrow 70.

Then, in order to drive rotor 15 in .rotation from its
second minimum energy position to its first minimum energy
position, coil 38 is supplied with a supply current having
a second polarity opposite to said first polarity so as to
generate a magnetic flow 72 in core 34. This magnetic flow
72 enters the volume defined:by permanent magnet 18b, in
substantially equal parts via -second and third stator
poles 10b and 12b to exit again via first stator pole 8b.
The global direction of the magnetic flow traversing



m ni mum ener gy positions. In order to drive rotor 15 fromits first

m ni mum energy position in which it is shown in figure 4 to its second

m ni nrum energy position in which it is shown in figure 5, coil 38 is
supplied with a supply current having a first polarity so as to generate a
magnetic flow 68 in core 34 of this coil938. This magnetic flow 68 enters
the vol une defined by permanent magnet 18b via first stator pole 8b and
exits agai n fropermanenps magnet 38bspinrosbiyidgimlreRresented sac figuned
third stator pokegyl Qbrgpdy42b. The global direction of nmagnetic flow 68
traversi ng permanent nagnet 18b is represented by arrow 70. Then, in

order to drive rotor Mgnekicofaewen6Pr BRI F3 SRAIF IR BRIy PSSt i on
to its first n nigRugaErFiie PIBtéIEieQly 28tbbqed pREieing ¥btarsupplin

current having a secqond pol ari.fy opposite to said first polarity so as to
generate a rragnEPitE‘tF'PBWE’YZ%h C'%‘}%PSS%. This magnetic flow 72 enters the

vol unme. defi ned by pertegnees fagnét7 lshow igciasattiaalinl tlye erpratrqiamethada
second and thirg stator e 2b, tQ_exi LN Lr r
pol e 8b. The ¢l %ﬁgl ‘%“io]r‘é%%o%nggb t%erg% n%gggét .9-8 ?’Ioﬁ)z\ii\l/ g ?z%llvel\rﬂs?%%é f,%sitﬁ%
9 pernmanent naddetectSivni whide 1Eedvinepmstent kb | ADf iqpe eof bitsir tae 74.

Magnetic fl ows ﬁﬁnﬁﬁ%@néi&}‘/%é&ﬂﬂd}%ﬂmnem magnet 18b generate
alternatively a torque driving-rotor 15 in rotation b%/_ 180[ err] st%%ls.
$ npt

Figures 6 and 7 showlBcRERBYi Bl FXL¥H Uit 14 1peFAbRCIGR BFoWithe
rotor 14 in rot ain@um RO Pdsita o Hechideh Wi e lshawhndnr FHigurkd 6 n
one of its two m ni_nmum ener x}ﬂﬁgsltlons. I.n,order to.(ggl.ve I ot rqw%f in

rotation fromt &8 fSsEeRPR URIR FREFEE MOSH AR WHR TSR i & &%

figure 6 to itsipedirshre N uovLbergy igosdupsiidd wittilchai supplyheutrrient

fioure 7 ool Blvibe ki edenndy & SUPPLY G e oDALLRRE il el 8ol ' Y
carrying this coil 48 a magnetic flow 76. -

Magnetic flow 76 generated by coil 48 and exiting
core 46 via first end 40 of stator arm 42 (figure 1)
separates in substantially equal parts into two magnetic
flows 76a and 76b respectively' propagaéing in the
direction of third stator pole 12a and third stator pole
12b. Thus, permanent magnet 18a of rotor 14 is traversed
by a magnetic flow 76a entering via third stator pole l2a
and exiting, in substantially equal parts, via first and
second stator poles 8a and 10a. The global direction of
magnetic flow 76a traversing permanent magnet 1l8a is
represented by .arrow 78. This global direction 78 of the
magnetic flow traversing permanent magnet 18a provides a
torque driving rotor 14 in rotation from its first minimum
energy position to its second minimum energy position.

In order to neutralise the effect of magnetic flow
76b on permanent magnet 18b of rotor 15, coil 38 is
supplied according to the invention with a supply current
whose polarity is chosen so that the direction of magnetic
flow 80, generated by this coil 38 in core 34, has a
propagation direction in first stator pole .8b opposite to
the direction of magnetic flow 76b propagating in this
first stator pole 8b. Further, the magnetic potential
generated'by coil 38 is advantageously equal to half of -



carrylng this coil 48 a nagnétic flow 76. Magnetic flow 76 generated by
coil 48 and exiting core 46 via first end 40 of stator arm42 (figure 1)
separates in substantially equal parts into two magnetic flows 76a and 76b
respectively propagating in the direction ¥ third stator pole 12a and
third stator pole 12b. Thus, pernmanent nagnet 18a of rotor 14 is traversed
by a magnetic fl.ow 76a epntering v Lrd st 280 a [ .4l N
cubotantial |y etaiiareeie paletiel JhEReBabnd uP v 6t Bp 088, Ehine
The gl obal dire28ierexts nogreter 1w mquea\mlsngepéprrﬁhéﬁt gengrattetBa
I's represent Ednﬂg% 855 PWe 8. rhhihiel! Sk r&fﬁfé}{t dc%leﬁrélhe f@gﬂi'te idePw

traversing pernmahent nagnét “18a provides a torg ving Totor
rotation from i2etedrshaki Bhahth éﬁePﬁ?PBﬁ?;F-PPé%lFlé b?swgéeoﬁaenmﬁpmm

energy positiompotenti&lOohder él(écnﬁ_*{td a&:mﬁfeﬁzhe ehf esk @fasr@g@ﬁt ‘v@:lft|a
on permanent magnet 18b of rotor coi | S S¥§£||6d a0for 0 th

i nvention with €PREFpty €BPr EAR \ﬁ?(’}sémpd"l}%fr |°E1'§PRPS" ses
direction of nagrefrided ltavcddl genandt ed &n&lfu&s coi l 38 in core 34, has a

propagation directi [ [ st o] ol o) | t tlon of
magnetic flow 76b p&gbé§%£4?ﬁf ﬁfﬁﬁ éhg a%g%§§# @% Eﬁrg %& e
magneti ¢ pot entpelesyelter dtlkd and d2b a8 ﬁsomdt/hmt posgitdlont @ thalhle of
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rotor 15 is zero or almost zero and this rotor 15 remains
in its initial minimum enexrgy position.

Likewise, in order to drive rotor 14 in rotation in a
positive direction from its second minimum enérgy position
in which it is shown in figure 7 to its first minimum
energy position in which it is shown in figure 6, coil 48
is supplied by a supply current having a second polarity
opposite to said first polarity. In this case, coil 48
generates in core 46 a magnetic flow 82. This magnetic
flow 82 exits polar arm 42 via its second end 44 (figure
1) by dividing, in substantially equal parts, into two
magnetic flows 82a and 82b.

Magnetic flow 82a penetrates the volume defined by
permanent magnet 18a of rotor 14 via first and second .
stator poles 8a and 10a to exit this wvolume wvia third
stator pole 1l2a. The direction of magnetic flow 82a
traversing permanent magnet 18a is thus represented by
arrow 84. Magnetic flow 82a traversing permanent magnet
18a generates a torque used to drive rotor 14 in rotation
from its second minimum energy position to its first
minimum energy position.

_ Again, in order to neutralise the influence of
magnetic flow 82b on rotor 15, coil 38 is supplied with a .



- .
generated by magnetic flows 76b and 80, has a direction substantially
parallel to the direction of magnetic axis 26b when permanent nmagnet 18b is
in one of its two m ninum energy positions. Consequently, the torque -
exerted on rotor 15 is zero or alnost zero and this rotor 15 remains inits
initial mninmum energy position. Li keM se, in order to drive rotor 14
in.rotation in a positive direction fromits second m ni mum energy position
in which it is shpply cuingnte denaratting iirstcorai Idmaemeogpeticsifiian 86
which it is shown;i LQUE : 848 4 Leds : C

havi ng a second%&lbgr ?lth?/ %%pg%:f%g&atroe ?a%l %‘ ? IE&EBE% b;g)’gf'gifii ta’yéa?ﬂi%‘%. ésjé%g%té?e
coil 48 generat & | hheoreraBagakagRetdErecbios2. offhimagneheei CIowwERb.
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energy position. Again, I n ordef t0 neutralise e I nfluence of
magnetic flow 82b onFiguses18 andid skew scheppticaliwt phe control method
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said core 34 a propagation direction opposite to the propagation_direction
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flow resul ting hisAmiRoesétrey IdoaitiBak.and 86 traversi ng permanent magnet
18b is substantially_parallel.to the direction of _ magnetic aﬁis 26b of.
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electromechanical transducer according to the invention,
the control method shown schematically with the aid of
figures 8 and 9 is similar to the control method described
above with the aid of figures 6 and 7.

Coil 48 is supplied with a current hafing a first
‘polarity in order to generate in core 46 a magnetic flow
76 described-above, which divides into two magnetic flows

" 76a and 76b. Magnetic flow 76b penetrates the volume
defined by permanent magnet 18b wia third stator pole 12b
to exit this volume again wvia first and second stator
poles 8b and 10b. The global direction of the magnetic
flow traversing permanent magnet 18b is represented in
figure 8 by arrow 88. The magnetic  flow traversing
permanent magnet 18b generates a torque used to drive
rotor 15 in rotation in the negative direction from its
first minimum energy position in which it is shown in
-figure 8 to its second minimum energy position in which it
is shown in figure 9.

In order to neutralise the influence of magnetic flow
76a acting on permanent magnet 18b of rotor 14, coil 36 is
supplied according to the .invention so as to generate a
magnetic flow 90 in core 32. The direction of magnetic
flow 90 propagating in core 32 is the opposite to that of
magnetic flow 76a propagating in this core 32. Again, the



positiops. Thus, rotor 15 is not driven in rotation. Figures 8 and 9
shom/schenatlcally the control method for driving only rotor 15 in rotation
in the negative direction, while leaving rotor 14 in one of its two m ni num
energy positions. G ven the symretrical arrangenent of the

el ectrome¢hani cal transducer according to the.invention, the control nethod
shown schematically with the aid of figures 8 and 9 is S|n1Iar to the

control nethod dasg@redmﬂ pbuthanh 6bedu1c1 OBGfImlreBoseﬁnci:& that Gehé 48
is supplied wt cur.rent haV|n

d t
core 46 a nagneﬁF%eﬁs&ﬁy7§fdg? 5&8 5@8Vé88mﬁF%ﬁ %€?§;%g¥$ﬁ%? %gée%LPc
flows 76a and 7d8l8a Nkyrstbhstdnoielhp pquelrabe$h1ehe.m:@ln|sri¢me:fﬁ meamgtic
t d b t | |
D e Tirat and odibw, 144 A18S5r2A0eEbiRg! Sald” phimSihe) babnkh WEa SOMQ.
magnetic flow t gdwhasy n‘élﬁ@ﬁ#&ﬁ@ntofmghét nagnesie e;frlégem%éulhlﬂgguﬁ@ls by
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the intensity of magnetic fl 6a, al so traversing said_permanent magnet
18a. The gl obal 18 £Behi anway Ehat naaf@rﬁqrfetrarqwmegem 4§ armagnetic flow

82 which divides into two magnetic flows 82a and 82b as
described previously. Magnetic flow 82b, entering the
volume defined by permanent magnet 18b wvia first and
second stator poles 8b and 10b and exiting said volume via
third stator pole 12b, has a global propagation direction
inside said volume represented by arrow 92. Magnetic flow
82b traversing permanent magnet 18b generates a torque
driving rotor 15 in rotation from its second minimum
energy position to its first minimum energy position.

In order to neutralise the influence of magnetic flow
82a traversing permanent magnet 18a of rotor 14, coil 36
is supplied so that the latter generates in core 32 a
magnetic flow 94 having a propagation direction opposite
to the propagation direction of magnetic flow 82a
traversing this core 32. Coil 36 is supplied so that the
intensity of magnetic flow 94 traversing permanent magnet
18a has an intensity substantially equal to the intensity
of magnetic flow 82a traversing said permanent magnet 18a.
For the reasons cited previously, no force is exerted on
rotor 14 and the latter is not driven in rotation.

The present invention thus enables two rotors to be

- independently driven in rotation in the two possible

rotational directions with the aid of an electromechanical
transducer comprising a single stator and only three
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magnetic flows 76a and 90 and traversing pernmanent magnet 18a is
substantlally parallel to the direction of magnetic axis 26a when rotor 14
is in one of its two mninmum energy positions. Consequently, rotor 14 is
not driven in rotation. In order to ive rotor 15 in rotation in the
negative direction fromits second m ni num energy position to its first

m ni mum energy position, coil 48 is supplied in such a way that it
generates in cor@l¥d. alwragnata dod IrmNe&Zthbtchtch.giajrsbipussithA@ reeg dletifve

flows 82a and eaéwéjef&%%dl?rﬁ d;ﬁgglt%%h%&v 9 %é‘éat%he'iog‘%ntshgb

vol ume defined by pernanent magnet second stator
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propagation di rggd ign inside said volune represented by arrow 92. Magnetic

fl ow 82b traversing per.nmanent gnet_,18b generates a forque, driving rotor
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15 in rotation fromWid dh& Oh FERety B qdizent OF #& num
energy positi Onlnventnldh QFidar Heodaguﬂ]aéaskgéldm [ an uence of magnetic flow
82a traversing per net 18a.of rot I.S.S l.i ed so
that the latter gen r?%e&"(ﬁe@ k rad §aﬂ¥g&%? k??% erﬁ?\ﬁlné ing the
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fl ow 82a traverav?é s core 32. Coil 36 is supplied so that the intensity

of magnetic flo traver5| ng permanent magnet 18a has an intensity
substantial |y equal Thisheseperdsienbodimaghetdtffeow sfnomr abbesi igrssi d
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on rotor 14 and the latter_is not "driven in_rotation pr esent
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W thin the reach Of'fﬁgar%EEééll$€gtor poles 108, 110 and 112 are
magnetically insulated from each other by areas of high
magnetic reluctance forming necks 122a, 122b and 122c.

First stator pole 108 and second stator'pole 110 are
magnetically coupled to each other by magnetic flow
guiding means 124 comprising core 34 around which coil 38
is wound. Third magnetic pole 112 is magnetically coupled
to second end 44 of stator arm 42, while first end 40 of
said stator arm 42 is magnetically coupled to magnetic
flow guiding means 124.

The operation of the transducer according to this
second embodiment is similar to that described above in
relation to the .first embodiment of the invention.
However, this second embodiment has an advantage as
regardé the electrical consumption of the transducer in
the case where the latter is used as a direct driving
motor for the two hands of a timepiece. This is due to the
fact that rotor 14 and rotor 15 can be driven in the
conventional clockwise direction {(negative direction or

- opposite of the trigonometric direction) respectively
solely by means of supplying respectively coil- 36 and 38.

It will be noted however that each of rotors 14 and

15 of the first embodiment and the second embodiment can
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the art, Wth the aid of figure 10, a second enbodi ment of the

invention will be described bel ow The references already described in
detail during the description of the first enbodinent will not be descri bed
agai n here. This second enbodi nent differs fromthe first enbodinent in

that permanent magnet 18b of second rotor 16 is situated in a stator hole
106, defined by a first stator pole 108, a second stator pole 110 and a
third stator pobe ¢oRrtrahdedn imhaliffiextant Iwayes vithimether seaghbod Meme s
not provided in [ : £ t . 3 .S 110
and 112 are rragﬁ%?i%%’lﬁ Y |glsrﬁl ate fr’or%ne gﬁzgtsﬁggfrg?ya{r:%gé%wg%é%e
magneti c rel uct BRERS R T P GredBs and248.-1.22b and 122c. First stator
pol e 108 and second stator pole 110 are nagnetically coupled to each other
by magnetic flow guiding neans 124 conprising core 34 around which coil 38
is wound. Third nmagnetic pole 112 is nmagnetically coupled to second end 44
of stator arm42, while first end 40 of said stator arm42 is nmagnetically
coupl ed to magnetic flow guiding nmeans 124. The operation of the
transducer according to this second enbodinent is simlar to that described.
above in relation to the first enbodinment of the invention. However, this
second enbodi nent has an advantage as regards the electrical consunption of
the transducer in the case where the latter is used as a direct driving
nmotor for the two hands of a tinepiece. This is due to the fact that rotor
14 and rotor 15 can be driven in the conventional clockw se direction
(negative direction or opposite of the trigononetric direction)
respectively solely by neans of supplying respectively coil 36 and 38.

It will be noted however that each of rotors 14 and 15 of the first

enbodi nent and the second enbodi nent can

14



be .controlled in different ways within the reach of the man skilled in the
art, in particular by the supply of the three coils 36, 38 and 48. o
CLAI M5 1. El ectromechani cal transducer conprising —a—stat or.

defining a first stator hole (4) and a second stator : - a
first rotor (14) and a second rotor (15) t§aversing r%ﬁﬂﬁlﬁﬂﬁnﬂullmmrst
and second stator holes, each of said first and secon © canpsi s+ ng a
per manent magn€LAIMS8a, 18b) magnetically coupled to said stator, said

el ectromechani cal transducer being characterised in that each of said first
and second stator holes is defined by a first stator pole (8a,8b;108), a

second stator pole (RoaRlettudagchanicall tiradsduaenrcpwrigikgn,12b; 112),
ol & bei ng mmanet | cal |- coonros AeepAibba k1S Bl g [6h) Mah ol
magnetic fl ow, segeadss §F°§n]@°%%czﬁ1d-0§t)at or poles partially defining said

second stator hol e heing magnet i ¢aldor coyrhedably secgadormanebisxyf | o)
gui ding neans (30; 124), said first, and second magnetic fIOM/gu'ding means

/ |
bei ng respect i VA EJTFEPRE V@ L ngaiee docE t nagtet $RCOREp AR LM ans
(36,38), saidhellestremehad calid rifissilicaid a8 SdbrD Ny tdat s O st B8 g ad M

(44), “sai 0 ‘st SPBEMRARTC RS p| TP P PR « AR RAGRLLY L BUBIRST e 98
said third stasuatpole (12a) partially defining said first stator hole (4)
Frst magnet | o Pidweastropeliaid aafy Vnikbutier Hel i Ruble RS At
second end of &$hay eeehoepfasaidsEixst randl sscondr spaker(hobes 125 defined|y
defining said py a first stator pole (8a,8b;108), a second stator pole
(10a,10b;110) and a third stator pole (12a,12b;112), said
first and second stator poles partially defining said
first stator hole being magnetically coupled by first
means (28) for guiding the magnetic flow, said first and
second stator poles partially defining said second stator
- hole being magnetically coupled by second mﬁgnetic flow
guiding means (30;124), said first and second magnetic
flow guiding means being respectively coupled with first -
and second magnetic supply means (36,38), said

electromechanica;.transducer also comprising a stator arm
(42) of low magﬁetic reluctance having a first end (40)
and a second end (44), said stator arm being coupled with
third magnetic supply means (48), said third stator pole
(12a) partially defining said first stator hole (4) being
magnetically coupled to the first end of said stator arm
and said first magnetic flow guiding means (28) being
magnetically coupled to the second end of said stator -arm,
said third stator pole (12b;112) partially defining said
second stator hole (6,106) being magnetically coupled to
said first or second end of said stator arm and said
second magnetic flow guiding means (30:124) being
magnetically coupled to the other end of said stator arm.
2. Electromechanical transducer according to claim
1, characterised in that said permanent magnet (18a,18b)
of each of said first and second rotors (14,15) is bipolar



second stator hole (6,106) being magnetical |y coupl ed aid first or
second end of said stator arm and said second nagneti ﬁ‘!mu l "ME\nS

(30: 124) being magnetically coupled to the other end
2. El ectronechanical transducer according to claim1, characteri sed i'n that
sai d permanent magnet (18a, 18b) of each ofigsaid fi rst and second rotors
(14,15) is bipolar 16 with radial

nmagnet i sati on defiith ngadisdgnebfe®iisadidhie, &Pimingaiad pagiRtEn @BGRet,

sai d pte_r malnen_t g?ggeéglpgf#he# rst _and second onthors bei n 03|t|oned
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t hat positioni ngfnotehiees fi5Gs; 5Gh)d arsepondi dedtoxrst hebead:ws p)tbseambn@fd

said first and seg @@tgwlgr 3@ & dgiJfé" @Qrfs%r 3 ds&%ﬁwsegt@%% 1Y
each of. said fi rs on or WO M ni mum ener

staggered at an(4n§li 8069 .180Fein] that pogithlosingometis Scdl50tar'§rﬁ>§7du@me
according to cl Bk@v%de&h%rrﬁcérf‘é'é@&eé NokEhabcridk fdd&d ff@genanan%etéa :f

magneti c supply nmeans (36 8) are forned respectively by a |rst COI
(36), a second E6RFOF3BYles cﬁeaflt%quf@a ﬁaealaper@amanhm%sn%cp

magnetic flow ggaﬂanmﬁsanén&%@&ml%t@ww&Indgnrn&ﬁrp@iiez\ggﬂ X)O%lft'l"o?lts
magnetic core é and second ne g @gre (34) around which are
respectively Woﬁﬁ ggﬁF 13 A% ARY oil's, said stator arm (42)
conprising a third rragneﬂacmmc(lﬁﬁhc&ﬂoummm:f sagoondisgi dot kiladm

gﬁi’ilr écteri sgd F e;:}]g%oar]zeavé}:aenty Sa d per%gl%ents%‘gog? %gsggfé;bc?idg‘g%ﬁgto Sai d

first and seconsagpebis ssppPhyomeans i(86,B804m) namnﬁemegyrmpﬂcrt(;mlm he

direction of sa%,? gﬂfgtcc s(i@ﬁadg@céﬂa% d(wrlrﬁxb'@@ BRI o ?’I y

substantially a e second stator e (10 110) partla
defining said fil# i'oﬁaé-éc(fﬁd'sfrt a6k sefqn 4“@11@61)0 i f\iQ\Sﬁl guidhng peamsnent

magnet is situafed,30;124) comprising respectively a first magnetic core

(32) and a second magnetic core (34) around which are
respectively wound said first and second coils, said
stator arm (42) comprising a third magnetic core (46)
around which is wound said third coil. '

4. Electromechanical transducer according to claim 2
or 3, characterised in that, when said permanent magnet
{18a,18b) of one of said first and second rotors is in one
of its two minimum energy positions, the direction of said
magnetic axis (26a,26b) this said permanent magnet is
substantially  aligned with the second stator pole
(10a,10b;110) partially defining said first or second
stator hole (4,6;106) in which this permanent magnet is
situated.

5. Control method for an electromechanical
transducer according to one of claims 2 to 4,
characterised in that all that is provided for driving the
first rotor (14) in rotation in a £first rotational
direction, while leaving the second rotor (15) in one of
its two minimum energy positions, is only the supply of
first magnetic supply means (36) with an alternation of
polarity of the supply current provided to said first
magnetic supply means and, in a second rotational
direction, the supply of third magnetic supply means, with
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5. Control nethod for an el ectronechani cal transducer éEEBTHTﬁﬁ*TB_Eﬁé of
claims 2 to 4, characterised in that all that is prmmm ﬁl t he
first rotor (14) in rotation in a first rotational ;I", ‘”H"Feavi ng
the second rotor (15) in one of its two mni mum energy gosi‘ti bnss is only
the supply of first magnetic supply neans 1736) with an alternation of
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and, in a ﬁecortslfraleéiﬁwdordiirecﬁdmlﬁﬁﬂ%ﬁsm &@pnwictﬂnm@n@&io_@iw| y
means, Wt
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per manent magnet he latter is positioned in one o two m ni mim
energy positioragnet (18b) of said second rotor, substant:.ally parall
to the direction of said magnetic axis (26b) of said
permanent magnet when the latter is positioned in one of

its two minimum energy positions.



