ELECTROVAGNETI C MOTOR W TH TWO ROTATI ON SENSES " PARTI CULAR$M7-6 o
ILNTENDED FOR A TI MEPI ECE This invention concerns a | ow power
el ectronmagnet.ic motor having two rotation senses, adapted to function with
an n-phased energi zation node, wherein n is greater than 1.
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ELECTROMAGNETIC MOTOR WITH TWO ROTATION SENSES
PARTICULARLY INTENDED FOR A TIMEPIECE

This invention concerns a low power electromagnetic
motor having two rotation senses, adapted to function with
an n-phased energization mode, wherein n is greater than
1.

More specifi'cally, the invention concerns such an
electromagnetic motor of small dimensions comprising a
stator in an essentially flattened form having n magnetic
.circuits arranged in a manner to define an opening in which
a rotdr provided for instance with a permanent magnet may
pivot. The magnetic circuits are generally magnetically
decoupled from one another and ea.ch cooperates with the
rotor through two magnetic stator poles placed in positions
approximately diametrally opposed Eelative to the rotation
axis of .the rotor, such axis extending perpendicularly
to the general plane of the stator. Motors of this type
may be advantageously used as stepping motors in analog
display watches.

There is known from the Japanese patent application
JP-61-10958 a two-phase symmetric stepping. motor having
two ro_tatioh senses which is formed of two single-phase
stator parts superpdsed onto one another and with an angular
shift of 90° relative to one another. '

The two single phase stator pa,rts' are fastened to
one another, but are located in different planes. They
are magnetically insulated from one another while being
each provided with an excitation winding. Furthermore,
each stator part defines ar_1' opening for a permanent magnet
rotor common to both of them, the openings being aligned
on the axis of rotation of the latter. :

In order to define a stable position of the rotor,

the edge of eacﬁpmgmgft‘g* is provided
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More specifically, the invention concerns such an el ectromagnetic notor of
shal | di nensions conprising a stator in an essentially flattened form
having n magnetic circuits arranged in a nmanner to define an opening in
which a rotor provided for instance with a pernmanent magnet may pivot. The
magnetic circuits are generally magneti=c@l =y decoupl ed from one anot her and
each cooperates with the rotor through two nmagnetic stator poles placed in
positions approximately dianetrally opposed relative to the rotation axis
of the rotor, - such axis extending perpendicularly to the general pl ane of
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the rotor and generated by excitation of the corresponding
winding. In the absence of excitation, the stable position
of the rotor is attained when the North-South axis of the
permanent magnet of the rotor is perpendicular to the
alignment axis of the notches.

Thanks to this construction, the two stator parts
work under exactly the same conditions with the rotor,
however, because .of their 90° shift each assures the
rotation of the rotor in a sense which is individual to
it. If one admits that the volume of the permanent magnet
of the rotor traversed by each of the two magnetic fluxes . .
is the same, the resulting motor couple is identical for
‘both senses of rotation.

This known motor exhibits 'several disadvantages.
Initially, the volume occupied by the permanent magnet
of the rotor is .only partially used since each magnetic
circuit surrounds less than the half of this volume. This
disadvantage is further aggravated by the fact that  the
magnetic circuits are necessarily spread apart from one
another along the rotor axis in order to assure the magnetic
insulation thereof. There results therefrom a comparatively
substantial height which is above all inconvenient when
the motor is employed in horological applications.

Another disadvantage resides. in the fact that the.
openings ef the magnetic circuits must be aligned with
precision along the rotor axis which.causes manufacturing
difficulties so as to increase in an exaggerated manner
the cost of the motor. .

The invention has as its purpose to provide an electric



‘stator parts superposed onto one another and with an angul ar shift of
90[err] relative to one another. The two single phase stator parts
are fastened to one another, but are located in different planes. They
are magnetically insulated fromone anojher while being each provided
with an excitation winding. Furthernore,“each stator part defines an
opening for a pernmanent magnet rotor common to both of them the openings
bei ng aligned on the axis of rotation of. the latter. In order to

define a stabl i tg,on of the,retor. the edage of. each ni of ch
st-altor paflmg |°§ Bcggl“ﬂ ed %ype lrrxglgéteé Eixere(%.na ove wh‘i@ﬁ 'gges r{SoL{:
exhibit these disadvantages. :

It has thus as object an n-phased, electromagnetic
motor, n being greater than 1, with two rotation senses,
such motor including:

- a stator defining on the one hand a stator cavity
and on the other hand at least four magnetic poles, each
such pole comprising a polar expansion partially defining
said stator cavity, a polar arm and a polar attachment
lug serving as magnetic contact at the other end of said
pbl_ar arm, said polar expansions being separated from one
another by high magne{:ic‘reluctance zones fofming necks;

- a rotor mounted in the stator cavity to rotate
relative to said stator around an axis;

- at least two magnetic shunts which couple two
non-adjacent magnetic polés to one another;

- means mounted on each magnetic shunt for generat-
ing a magnetic flux in the poles with which they. are assoc-
iated, each of said shunts forming, with said magnetic
poles and the permanent magnet of the rotor, a magnetic
circuit which is magnetically decoupled from the other
magnetic circuits of .the motor, this latter being
characterized in that said magnetic poles are formed by
‘the brancﬂes of a single star-shaped piece in the center
of which said stator cavity is provided, said polar
expansions being situated in a single and common plane
perpendicular to the rotation axis of said rotor.

Thanks to these characteristics, the motor of this-
invention exhibits no particular difficulty in manufacture
or assembly. In addition, all the magnetic 'circuits of
the motor - take in the same volume of the rotor permanent
magnet since all the polar expansions are substantially
located in a single. and common plane. It will be noted



- 2- with two positioning notches which are dianetrally aligned al ong

direction

t he magnetic flux passing through the rotor and generated by excitation of

a

separated by 45[err] relative to the principal direction of

the correspondi ng winding. In the absence of excitation, the stable
position of the rotor is attained when-tde-North-South axis of the
per manent nmagnet of the rotor is perpendicular to the alignment axis of the

not ches.

that this latter characteristic is obtéihed together with
a magnetic decoupling of each magnetic circuit relative
to the other magnetic circuits.

The invention will be better understood with the help
of the description to follow and drawings which illustrate
it solely by way of example. In the drawings

- Figure 1 shows schematically a two-phased stepping
motor having two rotation senses according to the'invention;
- figure 2 is a cross-section on an enlarged scale
according to line II-II of figure 1 showihg sthematically
a first variant of the motor in order to obtain a magnetic

insulation gap;

- figures 3 to 5 - are ' cross-section views
respectively of second, third and fourth possible variants
of the motor ac¢ording to the invention, in particular
in view of obtaining a gap;

-  figure 6. shows a partial view of another
embodiment of a two-phased motor with two rotation senses
according to the invention; '

- figure 7 shows another embodiment of a two-phased

- stepping motor with two rotation senses according to' the

invention;

-  figures 8 to 11 and 13 to 16 represent according -

to a first and respectively second method ‘of operation,
schematic views of the bipolar permanent magnet of the

rotor in a rest position and the sense of rotation

resultiné from the interaction of said magnet with the
magnétic flux generated in the stator which traverses such
permanent magnet; .

- figures 12 and 17 show schematically a manner

" according to which the windings must be energized in order

to control the motor according to said first and
respectively said second mode of operation;



Thanks to this construction, the two stator parts work under exactly the
sane conditions with the rotor, however, because of their 90[err] shift
each assures the rotation of the rotor in a sense which is individual to
it. If one admts that the volunme of the.permanent nagnet of the rotor
traversed by each of the two magnetic TIUxes is the sanme, the resulting
motor couple is identical for both senses of rotation.. Thi s known
not or exhibits several disadvantages. Initially, the volune occupied by the
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In referring to figure 1, there will be hereinafter
described a first embodiment of a  two-phased symmetric
stepping motor having two rotation senses in accordance
with the invention.

Such motor coﬁprises a- stator 1 and a rotor 2
rotatively mounted within said stator in a stator cavity
3 having an essentialiy circular form provided -in such
stator.  The rotation axis X-X of rotor 2 is perpendicular
to the general plane of stator 1. It is to be noted that
in conformity with a construction known to ‘specialists,
the rotor may be mounted for rotation in bearings fixed
in a mounting which is fastened.to the stator, such elements
not being shown. ' |

Stator 1 comprises four magnetic poles 4a to 44 and
two magnetic shunts 5a, 5b. Each of such magnetic poles
ends up in a polar expansion 6a and respectively 6b, 6c

"and 64 which determine a portion of the edge of the stator
cavity 3. These magnetic poles 4a to 4d are extended
towards the exterior by polar arms 7a to 7d, each of which
ends up with a polar lug 8a to 8d serving as a fastenihg
means and magnetic contact applied to a corresponding lug
9a to 9d belonging respectively to the magnetic shunts
5a and Sb. Each of these shunts bears a winding 10a,
10b of which it forms the core and beyond which it extends

by arms 1la t6 11d respectively ending up by lugs 9a to
9d. : . . _

The lugs 8a to 8d and 9a to 94 are respectively coupled



I asul ation thereof. There results therefroma conparatively substanti al

hei ght which is above all inconvenient when the notor is enployed in

hor ol ogi cal applications. _ Anot her di sadvantage resides. in the fact
that the openings of the magnetic circuits nust be aligned with precision
along the rotor axis which causes nanJTébFUring difficulties so as to

I ncrease in an exaggerated nmanner the cost of the notor. The

i nvention-has as its purpose to provide an electric

to one another by pins 12; other known means of -attach~
ment can be provided.

In order to magnetically insulate each stator pole
. from the neighbouring poles, the polar éxéansions 6a to
6@ are coupled among themselves by means of necks 13a to
13d which form zones having high magnetic reluctance -while
maintaining the poles rigidly relative to one another.

It is thus established that the central part of the.
stator 1 defining the stator cavity 3 and including the
polar arms 7a to 7d, the expansions 6a to 6d and the necks
13a to 13d forms a star-shaped piece in a single plane
designated by the general reference 14. Such piecé thus
exhibits here four arms, each arm extending at 90° from
its two neighbouring arms starting from the stator cavity
3, two of such arms, namely arm 7a and 7b, being elb-
owed at a right angle. ' '

This cdﬁfiguration “associates two magnetic stator
poles diametrally opposed relative to the rotation axis
X-X of said rotor 2 with each of the two magnetic circuits.

In order to insulate magnetically such magnetic
circuits from one another, there is provided an insulating
gap 15 in the region 15R where said arms 7a and 114 inter-
sect one another in superposition owing to the fact that
the two magnetic circuits are located at 1least partially
in two neighbouring parallel planes. In the embodiment
of figui:'e 1, such gap is obtained by providing a recess
16 in the elbowed arm 11d. of shunt 5b and, ‘in order
to facilitate theé constriction of such motor, also in
the elbowed arm 11c of shunt Sa. Such recess may be
obtained by simple grinding. 1In this case the gap 15 'is
filled up by a surrounding non-magnetic fluid (see also
figure 2). '



- 3- notor of the type indicated herefnabove whi ch ‘does not exhibit

t hese di sadvant ages. It has thus as object an n-phased,

el ectromagnetic notor, n being greater than 1, with two rotati on senses,
such not or incl uding: - a stator defining on the one hand a stator
cavity =7 - '

" Figures 3 to 5 show three other variants in the form-
ation of the gap arranged between the arm 7a of the star-
shaped piece 14 and, the arm 114 of the shunt Sb.

On figure 3, shunt 5b alsc includes a recess 16.
However, in this case such recess is filled with a non-
magnetic material 17, plastic material for example, acting
as a spacer. Such arrangement enables. one to obtain
increased rigidity of the stator assembly, the shunt 5b
no longer being cantilevered relative to its fastening
onto pole 4d. ' '

As shown on figure. 4, gap 15 may also be provided
between arm 7a and shunt 5b Dby deforming arm 114 of such
shunt 5b by a swaging operation. The deformed part 18
of such arm gives rise to a recess 16b. -

According to another variant represented on figure
5, shunt S5b exhibits in its connection zone to lug 9b a
deformation 16c which transports the major portion of such
shunt over into another plane{ An analogous deformation
(not visible on the drawing) must then be provided in arm
11b of such same shunt S5b in order to bring its fastening -
lug 9b into the apéropriate level. A spacer 19 of non-
magnetic material may be provided in this case between
arm 7a and shunt 5b. -

"It is .to be noted that other similar 'vafiaﬁts are
not excluded, in particular variants in which the recesses
16 and 16b are provided, not in arm 11d of shunt 5b, but
in a similar manner in arm 7a of the star-shaped piece
14.

As may be determined from figure 1, magnetic shunts
5a and Sb are advantageously identical from whence results
a reduction in the cost of manufacture and a greater flexib-
ility for assembly, eaqh shunt bearing its winding being



- assoc- iate

apnd on the other hand at |east four nagnetic poles, each such pole
conprising a polar expansion partially defining said stator cavity, a
polar arm and a polar attachnent |ug serving as magnetic contact at the

ot her end of said polar arm said polar expansions being separated from one

anot her by hi gh magnetic rel'uctance zone® +or m ng necks; - a rotor
nmounted in the stator cavity to rotate relative to said stator around an
axi s; - at |east two magnetic shunts which couple two non-adjacent

magneti c p@ldasptEd obe &eotémployed- equaliganforpuniedoan theh othgret o
shunt for %ermggnﬁttgg arggggﬁgl c flux in the poles with which they are

| unts forming, with said magnetic pol es and
the permanent magnet of the rotor, a magnetic circuit which is magnetically

decoupl ed from tge idich o PagRSkIGn Cof Cltled nor! Mued™hEE, redily Latter

bei ng characterized in t sai d magnetjc poles are forned by the branches
of a singl ehsicknesgaprs Fmedd | ASt ROTTRI®, as may be thé case in

horology, one may envisage a stator on three' parallel
planes. This embodiment of the motor according to the
invention is partially shown on figure 6. In this case
a single star 14a is situated in the median plane, while
shunts 5a-A and 5b-A are situated on either side of such
median plane in corresponding parallel and adjacent planes.
As is well understood, one of the shunts 5a-A then exhibits
the general form of a U one of the arms 11a-A of which
intersects in superposition the arm 11d-A of the other
shunt S5b-A. Arm 11a-A is terminated by 'a lug 8a-A which
is fixed to the corresponding lug 9a-A. '

The gap 15A then has a thickness substantially equal -
to the thickness of the star-shaped piece 14A.

Figure 7 represents another embodiment of the invention
enabling one to obtain a more compact assembly than that
of figure 1 and ’J.n which there is prov:.ded a star-shaped
piece 14B the arms 7b-B and 7c¢-B of which -are bent back
in a manner to ‘extend parallel to one another starting
from their respective polar expansions. The parts of shunts
5a-B and Sb-B forming the cores of the windings of the
motor, are  then -inwardly curved in a manner to connect
the attachment points formed by the corresponding 1lugs
9a-B to 9d-B of such shunts. - e

‘The motor according to the invention which has been
previously described may function principally in two
different manners, namely in a continuous mode or in a

stepping mode.

There will now be examined the stepping mode of



of which

said stator cavity is provided, said polar expansions

being situated in a single and common pl ane perpendicular to the rotation

axis of said rotor. Thanks to these characteristics, the notor

t:his invention exhibits no particular difficulty in manufacture or

assenbl y.
t he, sane

expansi ons are substan

be not ed

In addition, all the magnetic circuits of the notor take in

vol une of the rotor pernmanentg nagnet. since all the polar

operation in referring to figures 8 to 17, figures 8 to
11 concerning the embodiment of figure 1 while figures
13 to 16 bear on that of figure 7.

In order to be able to operate in. a stepping mode,

it is necessary to provide the rotor with stable rest-

positions relative to the stator. This may be accompl-
ished by providing two notches respectively 20 and 20b

in diametrally opposite positions in the edge of the stator

cavity 3. Under these conditions since the permanent magnet
rotor exhibits a 'given direction of magnetization it will
come to locate itself in a manner such that in the absence
of excitation of windings 10a and 10b, such direction DR
(rest direction) orients itself perpendicularly to the
direction DE (notch direction) defined by notches 20 (see
figures 8 and 13).

It will be noted that in the case of figures 1 and

8 to 11, notches 20 are aligned with the polar expansions
6b and 6d, while in the case of figures 7 and 13 -to 16, -

notches 20 coincide with two necks 13b-B and 13d-B which
are diametrally opposed.

Figure 12 shows schematically a method according to
which windings 10a and 10b may be energized_ in order to

. control the motor of figure 1. One step of the motor

corresponds to an angular displacement of 180° of the rotor
around its axis X-X.

It is seen that this displacement takes place according
to the counter clockwise (negative) sense (as seen on
figures 8 and 9) when the windings receive current pulses

'of the same polarity per step, the sense of the
corresponding flux being indicated on figures 8 and 9 by

references tF1 and *F2 and the resulting magnetic fields
in the permanent magnet of the rotor by references £B1.

of

tially located in a single and common plane. It wll



-4- that this latter characteristic is obtained together with a magnetic

decoupl i ng of each magnetic circuit relative to the other nmagnetic

circuits. The invention will be better understood with the hel p of

the description to fol low and drawings which illustrate it solely by way of

exanple. In the draw ngs - 1olgure 1 shows schematically a

t wo- phased st eppi ng -

- The displacement takes. place in the clockwise

positive sense when the pulses applied to windings 103
and 10b are respectively of opposite polarities (see figures

10 and 11),the resulting magnetic fields being then +B2.

On the other hand, the motor windings of figure 7
must be controlled in confo;mity with the séhematic shown
on figure 17, the sense of the fluxes being here also shown
by references fF1° and 2F2 and the resulting magnetic fields
in the permanent magnet of the rotor by B3 and B4 6n
figures 13 to 16.

For the motor of-figure 7. it is seen that in order
to effect two. steps in the séme counter-clockwise sense, ’
one applies successive control pulses of opposite pblarities
to winding 10a only; then, in order to make two steps in
the clockwise sense, it is winding 10b which receives two
successive pﬁlses of opposite polarities.

The motors of figure 1 .as well as of figure 7 have
central parts 14 and 14b for which each high reluctance
neck is oriented at 90° to the two neighbouring necks.

Furthermore, the'rélative position of the positioning
notches 20 relative  to the polar expansions such as is
shown on figures 1 and 7 respectively, permit an operation
of the motor which is rigorously identical whatever may
'be the rotation sense by means of a control with the help
of current pulses, likewise identical disregarding their
polarity. This leads also to identical performances
for both senses of rotation. It is thus possible to control
and to slave such motors in an optimum manner for both
rotation senses in employing a single voltage leéel, this
being very advantageous. .

Figure 18 represents ‘another embodiment of the
invention which constitutes a three-phase motor.



not or having two rotation senses according to the invention; -

figure 2 is a cross-section on an enlarged scale according to line IIl-11
of figure 1 showing schematically a first variant of the notor in order to
abtain a magnetic insulation gap; figures 3 to 5 are
Cross-section views respectively of~ s%kdhd third and fourth possible
variants of the notor according to the invention, in particular in view of

obtai ni ng a gap; - figure 6 shows a partial view of another
enbodi nent of - a two-phased notor with two rotation senses according to the
I nventi on; - figure 7 shows another enbodi nent of a two-phased

st eppi ng nntor Sucih medorot abmpnisesses atabodiﬁgltdefhaihgventbmator -

respocti ver s Eehond b ki <t P LEPER LAPEE S %‘. £hE3E ¥ndaning o

per manent am@gnglqﬂ pepmanent magnet.

The stator comprises a single central star-~shaped
piece 34 in the center of which is provided the stator
cavity 33.

For each phase of the motor, the stator comprises
a magnetic circuit 35 magnetically decoupled from the other
magnetic circuits by necks 36.

Each magnetic circuit comprises:.

- a long branch 37 belonging to .a pole of the
star-shaped piece;

- a short branch 38 belonging to another pole of
the latter situated in a diametrally opposite position;’

- a C-shaped magnetic shunt 39 fastened by lugs
40 to corresponding lugs (not visible on the drawing)
provided at the free ends of the branches 37 and 38 of
the star-shaped piece 34;

- a winding 41 mounted on the magnetic shunt 39.

In this motor, there are three regions of intersection
in superposition 42 in which there is provided a gap 43
in order to magneticaliy insulate the magnetic circuits
concerned. This gap may be obtained in a manner analogous
to those shown respectively by figures 2 to 4.

It will be noted-that the magnetic circuits of this
motor belonging respectively to its three phases are of
identical construction, each circuit being shifted by 120°
relative to the two adjacent cifcuits.

This three-phase motor is represented on figure 18
without a positioning notch; however, it is entirely



rotor in a rest position and the sense of rotation resulting from

the interaction of said magnet with the magnetic flux generated in the
stator which traverses such pernmanent nagnet; - figures 12 and
show schematically a nmanner according to which the w ndi ngs nust be
energized in order to control the motor according to said first
respectively said second node of operatizns:

possible to provide positioning notches appropriate to
a stepping mode of operation. Just as for the two-phase
motbr considered previously, this motor may operate
according to a continuous mode or according to a stepping

mode.

17

and



: figure 18 represents schematically on the sane scale as that of
figure 1 a three-phase notor having two rotation senses according to a
further enbodi ment of the invention. In referring to figure 1
there will be hereinafter described a first enbodi nent of a two-phased
symetric stepping notor having two [pt%tton senses in accordance with the
I nventi on. Such notor conprise a stator 1 and a rotor 2

CLAIMS

1. Electromagnetic motor of n phases, n being
greater than 1, having two senses of rotation, such motor
including : , '

_ ~ A stator (1; 31) defining on the one hand a
stator cavity (3; 33) and on the other hand at least four
magnetic poles (4a to 4d; 37, 38), each.such pole
comprising a polar expansion (6a to 6d respectively)
partially defining said stator cavity, a polar arm (7a to
74 respectively) which extends said expansion and a polar
attachment lug (8a td 8d respgctively) serving as magnetic
contact at the end of said polar arm, said polar
expans'ions being separated from one arother by high
magnetic reluctance zones forming necks (13a to 134; 13b-
B, 13d-B; 36); _

- a2 permanent magnet rotor (2; 32) mounted in the
stator cavity to rotate relative to said stator around an
axis;

- at least two magnetic shunts (5a, Sb; 5a-A, 5b-A;

' 5a-B, 5b-B; 39) which couple two non-adjacent magnetic
poles (4a, 4c, respectively 4b, 4d; 37, 38) to one
another;

- means (10a, 10b; 41) mounted on each magnetic
shunt for generating a magnetic £lux (£F1, =zF2
respectively) in the poles with which they are associated;
each of said shunts forming, with said magnetic poles and
the permanent magnet of the rotor (2, 32), a magnetic
circuit which is magnetically decéupled from the other
‘magnetic circuits of the motor, characterized in that said
magnetic poles of the motor being formed by the branches
of a single star-shaped piece (14; respectively'l4A; 14B;
34) in'the center of which said stator cavity (3, 33) is
provided, said polar expansions (6a to 6d) being situated
in a single and common plane perpendicular to the rotation

o AT




rotatively nounted within said stator in a stator cavity 3 having an
essentially circular form provided in such stator. The rotation axis
X-X of rotor 2 is perpendicular to the general plane of stator 1. It is to
be noted that in conformty with a construction known to specialists, the
rotor may be nounted for rotation in_bggrings fixed in a nmounting which is
fastened to the stator, such elenents not being shown. Stator 1

. conprises four nagnetlc poles 4a to 4d and two magnetic shunts 5a, 5b. Each
of such magnetic poles ends up in a polar expansion 6a and respectively 6b,

6c and 6d which det Md’adzea@sp@étl eareﬁ ‘iﬁecidﬂﬁ of, tclm&r%kasarlzfe’aflid 3.
These magn oles en ded togg the exterior by

e
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serving as_ﬁeé@é&ﬁﬁVégyﬂHﬂmﬁ aDdBﬂaﬁn¢tE@rCQMEMEté¢¢&Iéﬁtéﬁda in a

correspondlggn%fg and common place.

3. Motor as set forth in claim 1 or in claim 2,
characterized in that said stator is situated essentially
on two adjacent parallel planes perpendicular to the rotor
axis, each magnetic circuit of the motor having at least
one intersection in superposition respectively with at
least one other of said magnetic'circuits, each superposed
intersection occurring between the arm (11d) of the shunt
(Sb) of a first magnetic ciréuit and a polar arm (7a) of
the single star-shaped piece (14), such latter arm
belonging to a second affected magnetic circuit, the
magnetic insulation of the region (15R, 42) of said
superposed intersection being assured by a gap (15, 43).

4. Motor as set forth in claim 3, characterized in .
that a recess (16) machined in said arm (11d) of said
shunt (5b) of said first'magnetic circuit or in said polar
arm (7a) of said second magnetic circuit defines said gap
(15, 43) in said region of said superposed intersection.

5. Motor as set forth in clai@ 3, characterized in
that a swaged portion (18) in said axrm (11d) of said shunt
(5b) of said first magnetic circuit or in said polar arm
(7a) of said second magnetic circuit forms a recess (16B)
in said region of superposed intersection, such recess
defining said gap (15, 43).

' 6. Motor as set forth in claim 3, characterized in
that it is a two-phase motor in which the lugs (9b, 9d) of
'said shunt (5b) of said first magnetic circuit are swaged
in a manner to offset the remainder of such shunt' into a

neighbouring plane which defines said gap (15).
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9a to 9d bel onging respectively to the magnetic shunts 5a and 5b. Each of
t hese shunts bears a winding 10a, 10b of which it forns the core and
beyond which it extends by arms 1la to'lid respectively ending up by |ugs
9a to 9d. The lugs 8a to 8d and %g to 9d are respectively coupl ed

7. Motor as set forth in claim 1 or in claim 2,
characterized in that it is a two-phase motor and in that
said stator-is situated essentially on three neighbouring

 parallel planes which are perpendicular to the rotor axis
(X-X), the single star-shaped piece (14A) being situated
in the median plane while said shunts (Sa-A, 5b-A) are
situated on either side of such median plane, said
magnetic circuits being magnetically insulated from one
another by means of a gap (15A) situated between an arm
(Lla-A) of one of the two shunts (5a-A) and an arm (11d-A)
of the other (Sb-A) of the two shunts, the gap depth béing
the thickness of said single star-shaped piece.

8. Motor as set forth in any one of the claim 1 to
7, characterized in that it is a two-phase motor and in
that the stator cavity (3) is essentially circular, each
of said magnetic insulating necks forming with the two
adjacent necks a central angle of substantially 90°.

9. Motor as set forth in'claim 8, characterized in
that two rotor (2) positioning notches (20, 20B) are
provided on the edge of said stator cavity (3) in
positions which are dlametrlcally opposite relatlve to the
center of said stator cav1ty '

10. Motor as set forth in claim 9, characterized in
that the positioning notches (20) are aligned along a -
direction defined by two npn—adjacent polar expansions
(6b, 64).

11. Motor as set forth in claim 9, characterized in
that the positioning notches (20B) are aligned along a
direction defined by two non-adjacent necks (13b-B, 13d-
B) . ' |

12. Motor as set forth in any one of the claims 1 to
5, characterized in that it is three-phase motor and in

* c L M S *




to one another by pins 12; other known neans of attach. nment can be

provi ded. In order to magnetically insulate each stator pole fromthe
nei ghbouri ng pol es, the pol ar expansi ons 6a to 6d are coupl ed anong

t hensel ves by neans of necks 13a to 13d which form zones having high
magnetic reluctance while maintaining the poles rigidly relative to one
anot her. It is thus established that the central part of the stator 1
defining the stator cavity 3 and incl udiftgthe polar arns 7a to 7d, the
expansi ons 6a-to 6d and the necks 13a to 13d forns-a star-shaped piece in a

single plane
that said single star-shaped piece (34) exhibits six
branches, each of such branches being roughly angularly
offset by 60° relative to the two branches adjacent
thereto, each magnetic circuit (35) having a single region
of superposed intersection (42) in which the magnetic
insulation between the -circuits is assured by a gap (43).

13. Motor as set forth in any one of the claims 3 to
7, 12, characterized in that the gap is filled in with a
solid non-magnetic material (17, 19).

14. Motor as set forth in claim 12, characterized in
that rotor positioning notches (32) are provided on the
edge of said stator cavity (33)

15. Motor as set forth in any one of the claims 1 to
14, characterized in that said magnetic shunts (5a, 5b;
39) are identical to one another. :

T



designated by the general reference 14. Such piece thus exhibits here four
arnms., each armextending at 90 fromits two nei ghbouring arns starting
fromthe stator cavity 3, two of such arns, nanely arm 7a and 7b, being
el b- owed at a right angle. - This configuration associates two
magnetic stator poles dianetrally opposed relative to the rotation axis
X-X of said rotor 2 with each of the two nmagnetic circuits. I n

order to insulate nmagnetically such nmagnetic circuits fromone
another, there is provided an insul ati gap 15 in the region 15R where
said arms 7a and 11d inter- sect one another in superposition owng to the
fact that the two magnetic circuits are |located at |east partially in two
nei ghbouring parallel planes. |In the enbodi nent

11c
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of~ figure 1, such gap is obtained by providing a recess 16 in the el bowed

arm 11d, of shunt 5b and, 1in order to facilitate the construction of '
such notor, also in the el bowed arm 11lc of shunt 5a. Such recess nay
be obtained by sinple grinding. In this case the gap 15 is filled up by a

7

94

12

surroundi ng non-magnetic fluid (see also figure 2). ThisSheetHasBeenReil
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Figures 3 to 5 show three other variants in the form ation of the gap
arranged.between the arm 7a of the star- shaped piece 14 and, the arm 11d
of the shunt 5b. On figure 3, shunt 5b al so i nctudes a recess—16:
However, in this case such recess is filled with a nogs. Jagne I C terial
17, plastic material for exanple, actingas a spacers o % rent
enables one to obtain increased rigidity of the statH“J m he
shunt 5b no | onger being cantil evered r/[gtive toits

pol e

4d. As shown on figure. 4, gap 1 may al so be provided between arm
7a and shunt 5b by deform ng arm 11d of such shunt 5b by a swagi ng
oper ati on. The defornmed part 18 of such armgives rise to a recess 16b.

208 2 |

148 , - S 96-8
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According to another wvariant represented on figure 5 shunt 5b
exhibits in its connection zone to lug 9b a deformation 16¢c which
transports the major portion of such shunt over .into-another plane. An
anal ogous deformation (not visible on the drawi ng) nust then be provided in
arm 11b of such same shunt 5b in order to bring its fastening lug 9b into
the appropriate level. A spacer 19 of non- magnetic material may be
provided in this case between arm 7a and shunt 5b. It is to be noted
that other simlar variants are not excluded, in particular variants in

whi ch the recesses 16 and 16b are proyigd®d, not in arm 11d of shunt 5b, but"
inasimlar manner in arm 7a of the star-shaped piece 14.

~F1
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As may be determned fromfigure 1, magnetic shunts 5a and 5b are
advant ageously identical fromwhence results a reduction in the cost of
manuf acture and a greater flexib- ility for assenbly, each shunt bearing

its wi nding being : - 8- adapted to be
enpl oyed equally for one or the other of

5/9
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the magnetic circuits. If the application of the notor does not
require a thickness as snmall as possible, as may be_the case in horol ogy,

one namy envisage a stator on three, parallel planes. Thi s

enbodi nrent of the notor according to the invention ﬂms tHagsiBtey R

figure 6. Inmthis case a single star 14a is situated | ane

whi |l e shunts 5a-A and 5b-A are situated on either side plane
ersto one .

i n correspondi ng parallel and adjacen !ﬁganes. As is mel
of the shunts 5a-A then exhibits the é. eral formof a U one of the arns
11a- A of which intersects in superposition the arm 11d-A of the other shunt
'5b-A. Armlla-Ais termnated by a lug 8a-A which is fixed to the
correspondi ng | ug 9a-A
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The gap .15A then has a thickness substantially equal to the thickness of

t he star-shaped piece 14A Figure 7 represents anot her enbodi nent of
the invention enabling one to obtain a nore conpact assenbly than that of
figure 1 and in which there is provided a star-shaped piece 14B the arns
7b-B and 7c-B of which are bent back in a manner to extend parallel to one
another starting fromtheir respective pol ar expansions. The parts of
shunts 5a-B and 5b-B formng the cores of the w ndings of the notor; are
then inwardly curved in a manner to connect the attachnent points f or med by
the corresponding lugs 9a-B to 9d-B of h shunts The not or
according to the invention which has g@éﬁppreV|ously descri bed nmay
function principally in two -
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di fferent manners, nanmely in a continuous node or in a stepping node.
There will now be exanined the stepping node of
-9 operation in referring to figures 8 to 17, figures 8 to

- 8/9
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11 concerning the enbodinment of figure 1 while figures 13 to 16 bear on

that of figure 7. In order to be able to operate in a stepping node,
it is necessary to provide the rotor with stable rest positions relative
to the stator. This nmay be acconpl- ished by provi ding two notches

respectively 20 and 20b in diametrally opposite positions in the edge of
the stator cavity 3. Under these conditions since the permanent magnet
rotor exhibits a given direction of magnetization it will cone to |ocate
itself in a manner such that in the gifence of excitation of w ndings 10a
and 10b, such direction DR (rest dir on) orients itself perpendicularly
to the direction DE (notch direction) defined by notches 20 (see figures 8
and 13).
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It will be noted that in the case of figures 1 and 8 to 11, notches 20 are
2ligned with the polar expansions 6b and 6d, while in the case of figures 7
and 13 to 16, notches 20 coincide with two necks 13b-B and 13d-B which are
dianetral |l y opposed. Figure 12 shows schematically a nethod
according to which wi ndings 10a and 10b nmay be energized in order to
control the motor of figure 1. One step of the notor corresponds to an
angul ar di spl acenent of 180[err] of EB%TR@th around its axis X-X .

It is seen that this displacenent takes place according to the counter

cl ockwi se (negative) sense (as seen on figures 8 and. 9) when the w ndi ngs
receive current pulses of the sane polarity per step, the sense of
t he : ELECTROMAGNETIC MOTOR WITH TWO ROTATION SENSES

PARTICULARLY INTENDED FOR A TIMEPIECE

This n-phased electromagnetic motor having two rotation
senses and ;n which n is Qreater than 1, is particularly
intended to drive the mechanism of a timepiece movement.
It comprises n magnetic circuits, each being magnetically

| decoupled from n-1 other magnetic circuits. Each magnetic

_ circuit includes two stator poles (4a and 4c, 4b and 44)
each compfising a polar expansion (6a to 6d respectively)
partially defining a stator cavity (3) in which a ' rotor
(2) is housed. These two stator poles are diametrally oppos-
ite one another relative to ‘the axis (X-X) of thHe rotor
(2). The-magnetic”separation.of the magnetic circuits is

‘assured by means of one or several gap(s) (15) judiciously"
arranged.

Figure 1



- 7 . - . ' Wuats Des
correspona?l ng 9 ux bei ng indicated on figures 8 and 9 by references

Terre]F1 *and [err]F2 and the resulting magnetic fields in the pernanent
magnet of the rotor by references Bl. : -
10 - The displacenent takes place in the cl ockwi se positive
sense when the pul ses applied to w ndings 10a and 10b are_respectively of
opposite polarities (see figures 10 and 11),the result

bei ng then B2. (S July 199e)
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On the ot h?e?r harfd, the notor windings of figure 7 nust be controlled in
conformty with the schematic shown on figure 17, the sense of the fluxes
bei ng mere al so shown by references tF1 and F2 and the resulting magnetic
fields in the permanent magnet of the rotor by B3 and tB4 on figures 13 to
16. For the notor of figure 7, it is seen that i e t wo
steps in the sanme counter-clockw se sense, one appli e%@%ﬁ%‘bl
pul ses of opposite polarities to winding 10a only; theff, o make

two steps in the clockw se sense, it is Mignding 10b which receives two
successi ve pul ses of opposite polariti gé“'
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The notors of figure 1. as well as of figure 7 have central parts 14 and

14b for which each high reluctance neck is oriented at 90 to the two

nei ghbouri ng necks. Furthernore, the relative position of the

. posi-tibning notches 20 relative to the polar expansions, suggefis i s shown on
figures 1 and 7 respectively, pernmit an operatj .QE“E%Qﬁg-tor which is

rigorously identical whatever ‘may be the rotatf&niy =y neans of a

. control with the help of current pul ses, |ike tical disregarding

their polarity. This leads also to i dentical performances for both

senses of rotation. It is thus p iLble to control41&h@ to slave such motors

I n an opti mum manner for both rotatgpb-denses I n eppl oying a single voltage

| evel, this being very ad%%g?%anUS{




Figure 18 rep'r"esents anot her enbodi ment of the invention which
constitutes a three-phase notor. o Such notor conprises a
stator-31 defining a stator cavity 33 in which is rotatively nmounted a
rotor 32 having a bipol ar permanent magnet.
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The statortconpfises’a single central star-shaped piece 34 in the center of .

which is provided the stator cavity 33. ) For each phase of the .notor
the stator conprises a nmagnetic circuit 35 nagnetically decoupled fromthe
ot her magnetic circuits by necks 36. Each magnetic circuit
conpri ses: - a long branch 37 belonging to a pole of the

st ar - shaped pi ece; - a short branch 38 bel ongin sgreoidrey &x of
the latter situated in a dianmetrally opposite positionjs July 19§§§€sﬁaped
magnetic shunt 39 fastened by | ugs

s/10°
F1

65 6 d

?< 20
F2 F2
656 | 6d

e | Fig

This is the replacemant sheet
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40 to correspondi ng-lugs (not visible on the drawi ng) provided at the free
ends of the branches 37 and 38 of the star-shaped piece 34, - a

wi ndi ng 41 nounted on the nagnetic shunt 39. - In this notor, there
are three regions of intersection in superposition 42 in which there is
provided a gap 43 in order to magnetically insulate the nagnetlc CIrCUItS
concerned. This gap may be obtained in a manner anal og&gs gose Stieau
respectively by figures 2 to 4. It will be noted_LEHLyLﬂQ_@ﬂgnetlc
circuits of this notor belonging respectively to its three phases are of

i dentical construction, each circuit béiﬁ%Lshlfted by 120[err] relative to
the two adj acent CIF\‘:L‘IS : |

1

{
| |
' I
+ + |
| .
* |
[ |
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Thi s three phase notor is represented on figure 18 without a p05|t|on|ng
notch; however, it is entirely

p055|ble to prOV|de posi tioni ng notches approprlate to a stepplng node of

operation. Just as for the two-phase
Replacement Sheet
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notor considered previously, this notor my operate according to a.
conti nuous’ node or according to a steppi ng node. _
- 13 -.
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1. Electroenmagnetic.notor of n phases, n being greater than 1, having two
senses of rotation, such notor including - Astator (1; 31) defining on
the one hand a stator cavity (3; 33) and on the other hand at |east four
nagnetic poles (4a to 4d; 37, 38), each. such pole conprising a polar
expansion (6a to 6d respectlvely) partially defining said stat or caV|ty, a
polar arm (7a to 7d respectively) which extends said ¢

attachnment lug (8a to 8d respectively) serving as mag

end of said polar arm said polar expans??i bei ng separat ed from one

* anot her by high magnetic reluctance zone m ng necks (13a to 13d; 13b-
B, 13d-B; 36); - a permanent magnet rotor (2; 32) nounted in the
stator cavity to rotate relative to said stator around an axis;

| east two magnetic shunts (5a, 5b; 5a-A, 5b-A

- at
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- 5a-B,: 5b; B; 39) which couple two non-adjacent magnetic poles (4a, 4c,
respectively 4b, 4d; 37, 38) to one another; - neans (10a, 10b; 41)
nount ed on each magnetic shunt for generating a nmagnetic flux (F1, F2
respectively) in the poles with which they are associ ated; each of said

shunts formng, with said magnetic poles and the permanent na net {t he
rotor (2, 32), a magnetic circuit whichyg omgnetical%%the
ot her magnetic circuits of e notor, chagacterized i ghetic

pol es of the notor being forfmed by the braifches of a single star-shaped
pi ece (14; respectively 14 14B; 34) inAhe center of which said stator

cavity (3, 33) is provided,}said polsg | ons to 6d) being situated
in a single and comon pl ang perpendi{Bul’ar to\t rotation axis (X-X) of
said rotor. : 37 0 :
(/4'3 41
N 42
EANRNE
© o
o
¥ N 32 W\ -
. T 36 \
43 Lt s |
2 LR 39 35
11 33 o
lo 42
o 38 40 43 5 S
o M‘
: 42
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- 14 - ‘" 2. Motor as set forth in claim1, characterized in that the
totality of said single star-shaped piece (14; respectively 14A; 14B; 34)
for the stator extends in a single and conmon pl ace. 3. Motor as set
forth in claiml or in claim2, characterized in that said stator is

situated essentially
ReElacement Sheet
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on two adjacent’parallel planes perpendicular to the rotor axis, each
magnetic circuit of the notor having at |east one intersection in
superposition respectively with at | east one other of said nmagnetic
circuits, each superposed intersection occurring between the arm (11d) of
t he shunt (5b) of a first magnetic circuit and a polar_ar é?a_ of

singl e star-shaped piece (14), such latter arm bel ongi=a=se e

af fected magnetic circuit, the magnetic insulation of he=fe
42) of said superposed |ntersect|on b |Q% assured by a gap (15 43) .
4. Motor as set forth in claim3,.char lzed in that a recess (16)
machined in said ar é? d) of |d shunt (5b) of said flrsnjfgygnetlc
circuit or in said p arm (fa) of said second magnetic cijcuit defines

said gap (15, 43) in fsaid on of said superposed interseftion.
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5. Mbtor as set forth in claim3, characterized in that a swaged portion
(18) in said arm (11d) of said shunt (5b) of said first. magnetic circuit or
in said polar arm (7a) of said second magnetic circuit forms a recess (16B)
in said region of superposed intersection, such recess defining said gap
(15, 43). 6. Motor as set forth in claim3, characterized in that
it is a two-phase notor in which the lugs (9b, 9d) of Remldcelmant Shbetof
said first magnetic circuit are swaged in a manner to{Bffudy 8B86)emmi nder
of such shunt into a neighbouring plang/yhi ch defines said gap (15).
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7. Motor as set forth inclaim1 or in claim?2, characterized in that it is
a two-phase nmotor and in that said stator is situated essentially on three
nei ghbouring parallel planes which are perpendicular to the rotor axis
(X-X), the single star-shaped piece (14A) being situated in the nedi an

pl-ane whil e said shunts (5a-A, 5b-A) are situated Libgensi ghegk.such
medi an pl ane, said magnetic circuits being magneti 11380 d fromone
anot her by nmeans of a gap (15A) situated between a la-A) of one of -

the two shunts (Sa-A) and an arm (11 of the other (5b-A) of the two
shunts, the gap depth being the thickKhiess of said single star-shaped piece.
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8. Mbtor as set ‘forth in any one of the claim1l to 7, characterized in that
it is a two-phase notor and in that the stator cavity (3) is essentially
circular, each of said nagnetic insulating necks formng with the two

adj acent necks a central angle of substantially 90[err]. 9. Mdtor
as set forth in claim8, characterized in that two rotor (2) positioning
notches (20, 20B) are provided.on the edge of said statREpXddent Bhddk
positions which are dianetrically opposite relative to@@'ﬂm
stator cavity. 10. Motor as set forth in claimg, acterized in
that the positioning notches (20) are abillied al ong a

F1
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di rection‘defitied by two non-adjacent polar expansions (6b, 6d). 11.
Motor as-set forth in claim9, characterized in that the positioning
notches (20B) are aligned along a direction defined by two non-adjacent
necks (13b-B, 13d- B). 12. Motor as set forth in any one of the
claims 1 to 5, characterized in that it is three-phase notor and in
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that.said. si.ngl e star-shaped piece (34) exhibits six branches, each of such
branches being roughly angularly offset by 60 relative to the two branches
adj acent thereto, each nmagnetic circuit (35) having a single.region of
superposed i ntersection (42) in which the magnetic insul ation between
the-circuits is assured by a gap (43). 13. Mdtor as set forth in any
one of the claims 3 to 7, 12, characterized in that RgRL34 bl eer | N
with a solid non-nagnetic mat eri al (17, 19). s
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14. Motor as set forth in
not ches (32) are provided
Mot or as set forth in any
sai d magneti c shunts (5a,

claim 12,

one of the clains 1 to 14,

characterized in that
on the edge of said stator cavity (33).

rotor positioning
15.
characterized in that

5b; 39) are identical

t o one anot her.
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