1 TWO PHASE ELECTROVECHANI CAL TRANSDUCER AND ELECTROVECHANI _CA‘E”W CE

| NCLUDI NG AT LEAST ONE SUCH TRANSDUCER The present invention ¥ncerns a
t wo- phase el ect ronechani cal transtCfr mhosenstator has a planar structure
and whose rotor includes a permanent “magnet, in particular a bipolar

magnet. In particuylar. the sent invention concerns el ectronechanical
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el ectronechani cal devi ceoi_ﬁéﬁcbi wo two-phase transducers w_hose _
respective stators are f %&—é&%&@é&&%de of magnetic material.

This common plate is used in particular for mounting various elenents of
t he eIectronegﬂﬁgical device and ir& articular for nounting a plate for

stiffening theé tommbApiate of “iF ntmé“HHa%EnFraﬁ$du§@ﬂiph3$§t, it is
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to the fiyst ends of two cores carryling respective
: dimensions, in particular adapted to horological
applications.

European Patent No 0 393 606 discloses an
electromechanical device formed of two two-phase
transducers whose respective stators are formed by a
common plate made of magnetic material. This common plate
is used in particular for mounting various elements of the
electromechanical device and in particular for mounting a
plate for stiffening the common plate of the two two-phase
transducers. '

First, it is to be noted that the man skilled in the
art knows similar twd—phase transducers to the two two-
phase electromechanical transducers disclosed in this
document. These electromechanical transducers are
characterised, as appears in Figure 1 of Européan'Patent
No 0 393 606, in that the stator defines three magnetic
stator poles two of which are magnetically connected to
the first ends of two cores carrying respectively two
coils and the third is connected to the second ends of
these two cores. For this purpose, the third pole has a
central leg arranged so as to form two magnetic contact
ears for said second ends of the two cores.

As is clear from the electromechanical device
disclosed in the aforementioned document, one of the two
magnetic stator poles connected to a first end of one of
the two cores is extended so as to use the planar
structure forming the stator of this transducer for

mounting various elements of said electromechanical




coils and the third is connected to the second ends of these two cores. For
this purpose, the third pole has a central |eg arranged so as to formtwo
magneti c contact ears for said second ends of the two cores. As is clear
fromthe el ectromechani cal device disglosed in the aforenenti oned docunent,
one of the two magnetic stator poles connected to a first end of one of the
two cor esieweiaxt cini@hstiaslan awiphaspdnfer stounting famds ngsedie stat or

of this tran f Qf. i i o S ' I chani cal
O devi ce 44 Sty | i SBHEY MedBLl DdofeBURELS Blotdad HHHEGHED O
di spl ay .3 Mrétfy @romgeh arrangdiad e EWwoPsose propesddecarsangi ng
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extends to forma base_plate used for noun{ing various el enents as has just
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two-phase transducers is fragile, the aforementioned third

magnetic stator poles being able to easily bent, thus

leading the cores of the two-phase transducers carrying

the supply coils to flex therewith. Next, the magnetic

stator poles which are not common to the two transducers

may undergo rotation in the general plane of the base

plate forming the stator by deformation of the plate. Imn

order to overcome these rigidity problems of the plate

forming the stators of the two two-phase transducers, the

aforementioned document proposes providing a reinforcement

plate to stiffen the electromechanical device partially

shown in Figure 1 of this document.

Secondly, the arrangement of the electromechanical
device according to European Patent No 0 393 606 is very
limiting for the designer, in particular for the watch
designer. Four supply coils are situated at the periphery
of the plate forming the two stators. Thus, the magnetic
stator pole common to the two transducers which extends to
be used for mounting various elements can only occupy a
restricted area given that the supply coils are situated
outside the plate forming the stators of the two
transducers. It will be noted that the problem is
identical for an electromechanical transducer including a
single two-phase transducer of the type described here.
Since the two supply coils are situated outside the stator
plate, the first or second magnetic stator pole can only
extend in one given direction. The designer of such a
mechanical device is thus restricted in his possibilities
for the design and arrangement of the various elements of



stator.poles which are not cormmon to the two transducers may undergo
rotation in the general plane of the base plate form ng the stator by
deformation of the plate. In order to gvercone these rigidity problens of
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various elementgpef present invention therefore concerns an
electromechanical transducer including:

- a stator made of magnetic material;

- a rotor including a permanent magnet;

- two coils;
said stator including a planar structure and first and
second cores around which said two coils are respectively
mounted, the planar structure defining first, second and
third magnetic stator poles whose respective polar
expansions define a hole through which the rotor passes,
the permanent magnet of such rotor being magnetically
coupled to the three polar expansions. The first and
second cores respectively connect the first and second
magnetic stator poles to the third magnetic stator pole.
This transducer is characterised in that the two coils are
situated within a stator hole provided in the planar
structure relative to a projection in the general plane of
this planar structure, the edge of this stator hole being
closed on itself.

As a result of the features of the electromechanical
transducer according to the invention, the stator is
stiffened without the addition of extra elements and the
planar structure Any extend in all directions according to
the requirements of the designer. In particular, the rotor
and the coils of the two-phase transducer may be freely

arranged in any area selected in accordance with the



3 the device including one or nore two-phase transducers of the type
descri bed hereinbef ore. This is particularly critical for devices which
have to be confined in a relatively liamted space in particular in a watch
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at any location in the planar structure defining the
stator and not only at the periphery of said planar
structure.

The present invention concerns secondly, an
electromechanical device including a plurality of
electromechanical transducers whose plurality of
respective stators are partially formed by a common planar
structure defining a plurality of holes through which pass
respectively a plurality of rotors of said plurality of
electromechanical transducers, this electromechanical
device being characterised in that at least one of the
plurality of transducers is made according to the
transducer of the invention described hereinbefore.

The present invention will be described in detail
hereinafter with the aid of the following description,
made with reference to the annexed drawings given by way
of non-limiting examples, in which:

- Figure 1 shows schematically a top view of the
two-phase electromechanical transducer according to the
invention;

- Figure 2 is a top view of a first embodiment of
an electromechanical device according to the invention;
and

- Figure 3 is a schematic top view of a second
embodiment of an electromechanical device according to the
invention.

In Figure 1, the two-phase electromechanical
transducer 2 includes a stator 4 made of a magnetic



This transducer is characterised in that the two coils are situated wthin
a stator hole provided in the planar structure relative to a projection in
the general plane of this planar strugture, the edge of this stator hole
being closed on jtself. As a result of the features of the
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this planar structure respectively defining the first and second nagnetic
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at any 'Oﬁ%&%ﬁgegqﬁfﬁ%fﬁf”girﬁéﬂgﬁé“&Sgggt'@f“%ﬁé“%hree magnetic
stator poles 22, 23 and 24 are separated from each other
by means of necks of high reluctance 32, 33 and 34. In the
alternative shown in Figure 1, three positioning notches
36, 37 and 38 are provided on the edge of hole 30.

Permanent magnet 8 is magnetically coupled to the
three magnetic stator poles by means of the three polar
expansions. Cores 14 and 16 are connected at their first
end 41, 42 respectively to the two magnetic stator poles
22 and 23. The second ends 43 and 44 of these two cores
are both connected to the third magnetic stator pole 24
used to close the magnetic flux propagating in cores 14
and 16.

The two coils 18 and 20 are situated, in projection
in the general plane of planar structure 12, within a
stator hole 48 provided in planar structure 12. The edge
50 of stator hole 48 is closed on itself. Moreover, stator
hole 48 partially defines the two magnetic stator poles 22
and 23.

According to a preferred feature, the part of
structure 12 defining magnetic stator pole 24 surrounds,
in projection in the general plane of this planar
structure 12, the unit formed by the two parts of this
planar structure which define respectively magnetic stator
poles 22 and 23 and by the two coils 18 and 20. Thus hole
30 and permanent magnet 8 situated within are also
surrounded by magnetic stator pole 24. In addition to the
advantage of arranging such a transducer in an

electromechanical device and the advantage of the rigidity



stator .and not only at the periphery of said planar structure. The present
I nvention concerns secondly, an el ectronechani cal device including a
plurality of electronechanical transdygers whose plurality of respective
stators are partially forned by a conmon pl anar structure defining a
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The electromechanical device 52 includes a base plate
54 made of soft magnetic material used to form jointly the
respective stators of two twd—phase electromechanical
transducers 2A and 2B, both similar to the transducer
described hereinbefore with reference to Figure 1. These
transducers 22 and 2B will not be described here again in
detail.

Magnetic Stator pole 24A which is common to the two
transducers 2A and 2B forms the magnetic stator pole of
each of these two transducers which surround, in
projection in the general plane of plate 54, magnetic
stator poles 22 and 23 of each of these two transducers
which were described previously. Common magnetic stator
pole 242 is thus used to close the magnetic flux of the
two transducers 22 and 2B which are however magnetically
decoupled from each other.

The man skilled in the art will understand
immediately that plate 54 may be used as stator plate for
a plurality of two-phase electromechanical transducers
according to the invention. Moreover, the arrangement of
each transducer in the surface defined by plate 54 is free
and determined by the designer of the electromechanical
device according to the invention. Plate 54 is used for
mounting, at least partially, several elements, in
particular wheels 57, 58 and 59. Wheels 57 and 59 are

respectively mechanically coupled to respective rotors 62
and 6B of the two transducers 22 and 2B.



5 material and a rotor 6 of which only the bipolar permanent magnet 8 has
been shown in order to sinplify the drawi ngs, the magnetic axis of this
bi pol ar permanent nagnet being represefited by the arrow 10. Stator 4

i ncludes a planar structure 12, rradi of a soft rraignetic gat erial and two
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propagat i ng in cores 14 and 16. The t coils 18 .anqd 20 are sitgat ed, in
proj ection f construction. Thus, according to a similar construction

or design to that described in European Patent No 0 393
606, the two transducers drive two hands mounted coaxially
to each other.

Referring to Figure 3, a second embodiment of the
electromechanical device according to the invention will
be described.

The electromechanical device 72 includes a base plate
74 formed of a magnetic material. This base plate 74 forms
the respective stators of two two-phase electromechanical
transducers 2C and 2C of equivalent comstruction to the
transducer described hereinbefore with reference to
Figure 1. The two rotors 6C and 6D of the two respective
transducers are mechanically coupled to two coaxial wheels
76 arranged on either side of plate 74. An opening 78 is
provided in plate 74 for housing a supply battery therein.
Two-phase transducers 2C and 2D will not be described
again here in detail.

This second embodiment of an electromechanical device
differs essentially from the first embodiment described
with reference to Figure 2 in the two two-phase
transducers 2C and 2D have their coils 18a, 20A, 18B and
20B situated, in projection in the general plane of base
plate 74 forming the strator plate, within a single same
stator hole 80 whose edge 82 is closed on itself. Magnetic
stator pole 84 which is used to close the magnetic flux
propagating in any one of the four cores respectively
surrounded by the aforementioned four coils is a common
magnetic pole to the two transducers 2C and 2D. Thus, base



in the .general plane of planar structure 12, within a stator hole 48
pravided in planar structure 12. The edge 50 of stator hole 48 is closed on
itsel f. Moreover, stator hole 48 partially defines the two magnetic stator
pol es 22 and 23. According to a preferred feature, the part of structure 12
defining magnetic stator pole 24 surrouhds, in projection in the general
pl ane of this planar structure 12, the unit fornmed by the two parts of this
pl anar strugillate Wi cke desedheas e%p@@mmoél gtatghettioc theattwo poresp@sand 23
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situated within are also surrounded by magnetic stator pole 24. In addltlon
to the advasrdgdisenss ﬂ&ﬁgf‘-’hﬁe@ul% BiguERistiucer in an el ectronechani cal
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will be noted in particular that the cores carrying the

coils may be curved.

By way of example, the electromechanical devices
described in Figures 2 and 3 form analog display means
used to display the value of at least one determined
variable. In particular, the variable displayed by these
electromechanical devices is the time.



el ect r omechani cﬂ"lmm' ing to the invention will be described. The

el ectromechani c IEH'EWHH ludes a base plate 54 nade of soft magnetic

material used to*fofmy oi*nt sy e respgetive stators of two two-phase
el ectromechani cal transducers 2A and 2B, both simlar to the transducer )
descri bed dermigbefore with reference to Figure 1. These transducers 2A and
2B will not be described here again in detail. Mgnetic stator pole 24A
which is comon to the two transducers 2A and 2B forns the nagnetic stator
pol e of each of 1hesgiyRabeanedecaiSombBtBAnSWdDUNErahBdRc@ECt [DN in the
general pl an&\g&%_ate 54, magnetic stator poles 22 and 23 of each of these
two transdtit ‘ch were described previously. Common magnetic stator
pol e 24A is thus usedtator! d4¢ mhdenafeddmwetianmaafertilad ;t wo transducers 2A

and 2B which are h ver net | e er. The man
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57, 58 ande.Sgs't,W]seeecl:osn 7an6épdth51%:da§n%gnetic stator poles (22, 23, 24)

whose respective polar expansions (26, 27, 28) define a

hole (30) through which the rotor passes, the permanent
magnet of such rotor being magnetically coupled to the
three polar expansions, said first and second cores
respectively connecting the first and second magnetic
stator poles (22, 23) to said third magnetic stator pole
(24), said transducer being characterised in that said two
coils are situated within a stator hole (48) provided in
said planar structure relative to a projection in the
general plane of this planar structure, the edge (50) of
this stator hole being closed on itself.

2. Electromechanical transducer according to claim
1, characterised in that the portion of the planar
structure (12) defining said third magnetic stator pole
(24) surrounds, in projéction in the general plane of this
planar structure, the unit formed by two parts of this
planar structure respectively defining said first and
second magnetic poles (22, 23) and by said two coils (18,
20).

3. Electromechanical transducer according to claim
2, characterised in that said hole (30) through which
passes salid rotor (6) has an edge closed on itself, said
hole and said stator hole defining high reluctance necks
(32, 33, 34) magnetically insulating said magnetic stator

poles (22, 23, 24), said planar structure (12) being
formed in a single piece.



reiﬂﬂmmmamwﬂmﬂﬂl cally coupled to respective rotors 6A and 6B of the two
tr aSeRigien 2B. 7 I'n a conventional manner, plate 54 includes
constructior! hdl es 60, which may or ngyy not be threaded, used for nounting

several elements. Mreover, plate 54 has an indentation (or a recess) for
housi ng a battery Edecsupplerhagicednsdtaresduddy ah2A2B2g)varadiadingn t he
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393 606, tWo transducers drive ands nounted coaxially to each
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device 72 1ncludes a base_plate 74 fornmed of a nmagnetic material. This base
plate 74 fdaatnomechesicad FEaBFAEGPE: of two two- phase el ect romechani cal

transducers 2C andrd€circemsdhem Brdl cdestiaect (BR; t @ 2)heincansdugera

descrlbedpeﬁfg £§§0£g gﬁ%@t&%k%% @ﬁ%éél transducers (2A, 2B; 2C,
2D) whose plurality of respective stators are partially
formed by a common planar structure (54;74) defining a
plurality of holes through which pass respectively a
plurality of rotors (6A, 6B; 6C, 6D) of said plurality of
electromechanical transducers, this electromechanical
device being characterised in that at least one of the
plurality of transducers is made according to one of
claims 1 to 3.

6. Electromechanical device according to claim 5,
characterised in that said common planar structure (54;
74) is used as a base plate onto which elements (57, 58,
59; 76) of said electromechanical device (52) are at least
partially mounted.

7. Electromechanical device (72) according to claim
5, characterised in that each rotor (6A, 6B; 6C, 6D) of
said plurality of rotors is mechanically coupled to one
of said elements of said electromechanical device.

8. Electromechanical device (72) according to any of
claims 5 to 7, characterised in that at least two (2C, 2D)
of said transducers are made according any of claims 1 to
3, the respective cores and coils (18A, 20A, 18B, 20B) of
said two transducers which surround them being arranged in
one and the same hole (80) of said planar structure (74)
common to those two transducers.

9. Electromechanical device according to any of the
preceding claims, characterised in that said device forms
an analog indicator for displaying the value of at least a
determined variable
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battery therein. Two-phase transducer$s 2C and 2D will not be descri bed

again here in ﬂ@taEiecEhbﬁe&hanﬁdamﬂﬂkhxmﬁnaotoadlagednro@t@h&nﬁoal devi ce

differs essentiall m { he cr .&f erence to
Figure 2 Fﬁlatri?ec'i%\% pﬁﬁse&’?‘gnsﬁggesé% gé g“ﬁg\%g\@r{#;l rer;:maes 18A,
20A, 18B %Ilghe%ﬁ%cﬁétuahed dam bea;ectdmplayedlevggmebéle i oftigase pl ate
74 formng.the strator plate, within a single sane stator hole 80 whose
edge 82 i iPEosed on itself. Magnetic stator pole 84 which is used to cl ose
the magnetic flux propagating in any one of the four cores respectively
surrounded by the aforenentioned four coils is a conmobn nagnetic pole to
the two transducers 2C and 2D. Thus, base plate 74 is used as a common
stator to the two two-phase transducers 2C and 2D as in the case of the
first enmbodi nent described in Figure 2. The present invention is not
limted to the enbodi nents descri bed hereinbefore, the man skilled in the
art being able to provide alternative designs and arrangenents of the
transducers as a function of the



design requirenments of the electromechanical. devices. It will be noted in
partlcular that the cores carrying the coils ‘may be curved. By way of

exanpl e, the el ectronechani cal deV|ceslgescr|bed in Flgures 2 and 3 form
anal og dlsplay nean y e determ ned

vari abl e. gartlc Lo onechani cal
devi ces | . t ransducer
(2) including: - a =gnet|c naterlal - a rotor (6)

i ncl udi ng a per manent nagnet (8) - tmo coils (18., 20); said stator

i ncl uding a pl &he S@W@tpbaée(12?e&mxdmeehaamdaéeccmansﬁunet14(216)
d wh t t
aroun | Chinsed Sled VR EEh{:érar(S)rESEﬁ%H {BlLH}IaeﬁdeS%%EE%n?;%j ructure

defining first, second and third mag netlc sta whose
respect | veARR| 5W°e>@;9§r?§ ohJs (268) 2¥e%c‘-'c¥éf¢hé @aREYang3dwa heoid whi ch
the rotor pessesp)thecher paaealr NBKRestebe SRt ! thASERY tigally

coupled to the thre ol expansions, said first and second Cores
respectlvégﬁEﬁﬁnE@ié% ?%% 53 %%H 8B mPFafnatiator hole (48)
closed on itself and within which the two coils are

situated relative to a projection in the plane of this
planar structure.

Figure 1



stator poles (22, 23) to said third magnetic stator pole (24), said
transducer being characterised in that said:two coils are situated within a
stator hole (48) provided in said planar structure relative to a projection
in the general plane of this planar structure, the edge (50) of this stator
hol e being closed on itself. 2. Electromechdhdcal transducer according to
claim1, characterised in that the portion of the planar structure (12)
defining said third magnetic stator pole (24) surrounds, in projection in

t he general plane of this planar structure, the unit formed by two parts of
this-planar s uctur respectively defining said first and second nagnetic
poles (22, 23 said two coils (18, 20). 3. Electronmechanical
transducer accor | ng to c18i "3R g@8Egeri seplgi 8 tHat @i dghol e (3P)

t hrough whi ch passes saidyyotof (f) hag an edge Io ed on itiself, said hole
and said stator hole defining high riel uctance jnegks (32§ 33,] 34)
magnetical l'y insul ating sgid gnetic skator gol gs (/22,/23,/24), sad

pl anar structure (17 ' i '

El ect ronechani cal tfansduder A; \2B) \acHor di/ng/t any o b cedi ng
clainms, characterisg¢d int ai di\st r detiMes/ a has te (54) onto
whi ch el enents (57, 192
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58, 59) of an el ectronechanical device (52) are at |least partially nounted,
.at 'l east one of said elenent being nmechanically coupled to said rotor (6A,;
6B) of said el ectronechanical transducer. 5. Electronmechanical device (52;
72) including a plurality of electronechanical transducers (2A, 2B; 2C, 2D)
whose plurality of respective stators are ﬁaﬁtially formed by a common
pl anar structure (54;74) defining a plurality of holes through which pass
respectively a plurality of rotors (6A, 6B; 6C, 6D) of said pIuraIitg of
el ect r omechani cal HFTCEdg¥ers, t hig4el ect romechani cal devi ce being
characterised in t t**feast one jof the plurality of transducers is|nade
according to one of clains 1 to 3. /6. Electronmechani cal device accordijng to
claimb, characterised in that said conmmon planar structure (54; 74)
used as a base plate qn =
el ectromechani cal deyice (52)
El ect ronechani cal de 4 o claimb5,
each rotor (G@,OGB,\ sai d rality of rg =
coupled to one of sald elenents of Zaid el ectronegflabEE=E
El ectronechani cal deyice (72) ac ding to any offd

are made

characterised in tha A\ wam| i
according any of cla (18A, 20A,
18B, 20B) of
) oA
L —22
24 A —
——6A

—58




said two transducers which surround them being arranged in one and the sane
.hol’e (80) of said planar structure (74) conmon to those two transducers. 9.
El ectronechani cal device according to any of the preceding clains,
characterised in that said device fornms an anal og indicator for displaying
the value of at |least a determ ned variablé&/3 11 10. El ectronechani cal

devi ce according to claim9, characterised in that it fornms the novenent of.
a tinmepiece, said at |east displayed variable being the tine.

Fig. 3 SR/ 72
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