DEVI CE | NCLUDI NG AT LEAST TWO COAXI AL WHEELS AND MEANS FOR DETECTI NG THE
ANGULAR PGCSI TI ON THEREOF AND METHOD FOR DETECTI NG SAI D ANGULAR PCSI TI ONS
The present invention concerns one the one hand a device of snall

di mensi ons including at |east two coaxial wheels, rotatably nounted about a
same geonetrical axis of rotation and rteans for detecting the angul ar
positions of the reference geonetrical sem -axes associated with said
wheels. 5 On the_other hand the resent |nvent|on concerns_a met hod for
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magnetic sensor i s associ ate each e coaxia Ter
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magnet i ¢ natdistaade fram saidsduuace.i Thep araunting aof am opiical rdete@ioandevicof ist hi s
Internati On%lften difficult given the precise adjustiment necessary between the light
source, the receiver and the wheels associated with such device. In the case
15 of the present invention, one thus proposes omitting any optical wheel
position detection system for a device of small dimensions.

International Patent Application No. 87/45705 discloses a system for
detecting'the position of coaxial wheels respectively associated with coaxial
hands of a clockwork movement. On each of the coaxial wheels, formed of full

20 plates, are arranged several discrete portions of a hard magnetic film
defining an identification pattern for a contactless magnetic sensor. A
magnetic sensor is associated with each of the coaxial wheels. In other
words, there are as many magnetic sensors as coaxial wheels whose angular
positions have to be detected, in particular given reference positions. The

25 amplitude of the signal detected by these magnetic sensors varies according
to whether or not they are situated in front of a segment of magnetic
material, as is shown in particular in Figures 3 and 4 of this International
Patent Application.

The detection system proposed in Patent Document No WO 97/45705

30 is disadvantageous in that each wheel associated with a magnetic sensor
must be fitted with the segment or distinct portion of a solid magnetic film
arranged on.one face of the plate of the wheel. The manufacturing cost of
the wheels is thus increased and the wheel plates are full or solid, which can
be a drawback for the working of the clockwork movement, in particular
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Pat ent Application. The detection system proposed in Patent Docunent No WO
97/ 45705 30 is disadvantageous in that each wheel associated with a
magneti c sensor nust be fitted with the segnment or distinct portion of a
solid magnetic film arranged on. one facgaof the plate of the wheel. The
manuf acturi ng cost of the wheels is thusincreased and the wheel plates are
full or solid, which can be a drawback for the working of the clockwork
novenent, in particul ar -2- fromthe point of view of power consunption.
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he present invention therefore concerns a device of small dimensions,

15 in particular of the horological type, including a first wheel and a second wheel
which are coaxial, rotatably mounted about a same geometrical axis of
rotation and respectively including a first plate and a second plate
perpendicular to said geometrical axis of rotation, this device further including
means for detecting the angular positions of a first reference geometrical

20 semi-axis of said first wheel, and a second reference geometrical semi-axis of
said second wheel, this device being characterised in that said means for
detecting the angular positions of said first and second semi-axes are formed
by a single same magnetic or capacitive sensor provided with an element for
detecting the presence of active materials above or below it, said first plate

25 including at least one inactive region for said sensor, said first and second
plates being formed at least partially of active materials for said sensor, said
sensor being arranged relative to said first wheel so that its detection
element is at least in part above or below said first inactive region in at least
one determined angular position of said first wheel.

30 As a result of the features of the device according to the invention, the
respective angular positions of at least two coaxial wheels are determined
using a single same magnetic or capacitive sensor, in particular using an
inductive sensor whose electronic circuit is disclosed in European Patent No. 0
746 100, which is integrated by reference in the present description.

35 The use of an inductive proximity sensor is particularly well suited to
the case of the present invention, such a sensor being able to detect the
presence of various materials, in particular non ferromagnetic metals like



20 sem-axis of said first wheel, and a second reference geonetrical

sem -axis of said second wheel, this device being characterised in that
said neans for detecting the angular positions of said first and second
sem -axes are fornmed by a single sane n?gnetic or capacitive sensor
provided with an el enent for detecting the presence of active materials
above or belowit, said first plate 25 including at |east one inactive
region for said sensor, said first and second plates being fornmed at | east
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15 angular positions of N coaxial wheels, N being greater than 1, by means of a
single same magnetic or capacitive sensor, these N wheels including
respectively N plates each having at least one inactive region for said sensor
which includes an element for detecting active materials forming at least
partially each of said N plates, this detection element and each of said

20 inactive regions being arranged so that they are superposed one above the
other in at least one determined angular position of the wheel having said.
inactive region, said N plates each defining a reference geometrical semi-axis
which can be detected by said sensor, said method comprising the following
successive steps wherein the N plates are numbered in an ascending order

25 from the plate situated closest to said detection element to the plate the
furthest from said detection element:

A) Determining the angular position of said semi-axis of wheel No. 1;
B) Bringing or leaving said inactive region of wheel No. 1 into
superposition with said detection element, or waiting until this inactive region

30 and detection element are superposed with each other;

C) Performing steps A) and B) successively for wheel Nos. 2 to (N-
1), if required; '

D) Determining the angular position of said semi-axis of wheel N.

As a result of the features of this method, it is possible to detect using

35 a single same magnetic or capacitive sensor at least one reference angular
position of each of the coaxial wheels of a device, in particular of a clockwork
movement.



I nactive regions for the sensor. 10 Anot her obj ect of the invention
Is to provide a nethod for detecting the angul ar positions of N coaxi al
wheel s able to be applied to the device according to the invention in an
efficient and reliable manner, i.e. assghjpg a level of accuracy in the
detection of said angular positions. The present invention therefore
concerns a nethod for detecting the 15 angul ar positions of N coaxi al
wheel s, N being greater than 1, by neans of a single sane magnetic or
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15 - Figure 5 is a similar cross-section to Figure 2 along the line V-V of
Figure 4, )

- Figure 6 shows schematically a curve obtained using measuring
signals provided by the sensor of the device of Figures 4 and 5, allowing the
reference angular position of one or other of the two coaxial wheels of such

20 device to be determined;

- Figure 7 is a similar cross-section to that of Figure 5, of a third
embodiment of the device according to the invention;

- Figure 8 is a similar cross-section to Figure 5, of a fourth embodiment
of the device according to the invention;

25 - Figure 9 shows schematically an alternative embodiment of the
coaxial wheels shown in the preceding Figures; and

- Figure 10 shows schematically a curve obtained using measuring
signals during a transition between a full or portion and an opening of the
wheel shown in Figure 9.

30 With reference to Figures 1 to 3, a first embodiment of a device
according to the invention and a mode for detecting the angular position of
the two coaxial wheels associated therewith will be described hereinafter.

The device includes two coaxial wheels 4 and 8, rotatably mounted
about a same geometrical axis of rotation 8. These two wheels have

35 respectively two plates 4A and 6A which are parallel to each other and
perpendicular to geometrical axis 8. In order to determine the respective
angular positions of two reference semi-axes associated respectively with the



-4- The present invention wll be described in nore detail hereinafter,
wth reference to the annexed drawi ngs which are given by way of
non-limting exanple, and in which: - Figure 1 is a schematic plane view of
two coaxial wheels associated 5 wth an_inductive sensor; - Figure 2 is a
cross-section along the line II-11 of FTBJre 1, the hands not havi ng been
shown while other elenents of the device of Figure 1 are shown; - Figure 3
shows schematically a nmeasurenent curve of the type able 10 to be obtained

usi ng nmeasuri ng.signal s _provided by the device of. Fi gur .and 2. this.
curve a1 owe BifledBh Brbid Btk RlproNBertHh iyl s¥h6c1 S i ed " vo
coaxi al whesuppor 12 odeire faceeaf, whickiigarangedrmwelesnéntnior idedédting thepl ane a
second enbod] a dj | i pn; ; kre 5 is a
simlar cr o?gégéencctei %ﬁﬁ{e&@%ﬁﬁé&%ﬁg?%ﬁ@%@%ﬁiﬁ it/)-o y/.eosi‘al%id%tijérﬂglbﬁ; - Figure
6 shows sch&igmeetalThjs detegtior efarentiedoureh gy latispirg) dilgthl TW@r ovi ded by
the tsensos" f Qi‘pehh@sdﬂ;iaﬁﬂ @? p?&ra]\guéﬁeébe%ﬂpleu?,inqilétjewanfana reeﬁre;geém_ dantgul gr
posi tion of ape or other. of e coaxi a eel s such evice to be
det er ni ned; V‘-”“F?%”Lﬁ% 1wl b?rﬂolt‘%a)“'ta?dgé-ns%%gp@mptrg Wi '%1“%?6?1‘?’8' € of a
t hi rd enbodicsindarobe tfoenetd by e selé-soppbrtigg twindihg. i nvention; - Figure 8 is a

L o O3 S g R G REy g 1 e

according to the i
al t ernat i ve afresoanategue sfispiaie Twasyliadriopieaiadt 2hend 36 ot wheplset @mdng are
Fi 9‘”efs?1@”40tat§$|9uﬁ1%uﬁ€b0599$§t aCkértRd i ghakf gga curve obtained using

freasiring Plates 4A and 6A are formed of materials which are active for sensor
10, i.e. materials whose presence in proximity to detection element 14 is
detected by inductive sensor 10. Openings 4B and 6B define first and second
inactive regions of plates 4A and 6A. In the preferred case in which these
15 inactive regions are formed by openings, the absence of material in
superposition with coil 14 generates a different measuring signal to that
provided in the presence of active materials forming plates 4A and 6A in
superposition with said coil 14.
The detection of reference semi-axis 30 of wheel 6 whose plate 6A is
20 closest to detection element 14 will be described first. In order to do this
reference will be made to Figure 3 which corresponds to Figure 3 of European
Patent No. 98110729.5 whose content is incorporated in the present
description by reference.
Figure 3 shows schematically a curve 32 obtained by a succession of
25 measurement points 34 provided by inductive sensor 10 during the passage
of opening 6B above coil 14. The inductive sensor provided in this embodiment
includes a similar electronic circuit to that described in European Patent No. 0
746 100, this sensor defining a differential relaxation oscillator. The measuring
signal provided by such a sensor is representative of a frequency determined
30 by the electronic circuit of this sensor, this frequency varying as a function of
the variation in presence of the active material forming plate 6A above coil
14.. When this coil 14 is facing the active material forming plate 6A, the
frequency has a high value. Conversely, when coil 14 is situated substantially
facing opening 6B, the frequency is low. Curve 32 defines schematically the
35 evolution in the value of the frequency generated in the sensor as a function
of the angular position of reference semi-axis 30 of wheel 6 which starts from



signals during a transition between a full or portion and an opening of the
wheel shown in Figure 9. 30 Wth reference to Figures 1 to 3, a
first enmbodi nrent of a device according to the invention and a node for
detecting the angul ar position of the twy coaxial wheels associated
therewith will be described hereinafter. "The device includes two coaxi al
wheels 4 and 6, rotatably nounted about a sanme geonetrical axis of rotation
8. These two wheels have 35 respectively two plates. 4A and 6A which are
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the profile of opening 6B and in particular of the angular dimension of this
15 opening. Once opening 6B has passed above coil 14, thanks to driving means
provided and known to those skilled in the art, the measurement of the _
angular position corresponding to o, can be determined by electronic means
which are also known to those skilled in the art. One will cited for example the
calculation of the middle point of the width of the dip of curve 32 at a
20 characteristic depth. '
Once the angular position of semi-axis 30 has been determined,
according to the invention, opening 6B is brought or left in superposition with
coil 14, or one waits until opening 6B is superposed with coil 14 to detect the
angular position of reference semi-axis 38 associated with wheel 4, this latter
25 semi-axis 38 starting from geometrical axis 8 and passing through the
geometrical centre of opening 4B provided in plate 4A. Preferably, opening 6B
has sufficiently large dimensions that spiral coil 14 is mostly above or below
opening 6B, defining an inactive region of plate 6A, in at least one determined
angular position of wheel 6, namely in the present case when semi-axes 30
30 and RD are substantially identical to or superposed with each other.
Thus, according to the invention, in order to detect the angular position
of reference semi-axis 38 of the plate 4A further from coil 14 than plate 6A,
the closest opening 6B to coil 14 is either brought substantially to face said
coil, or one waits until it faces said coil. Then, opening 4B is either brought
35 above coil 14 or one waits until it passes above said coil and, consequently,
also above opening 6B to detect the angular position of semi-axis 38. In
order to do this, a series of measurements similar to those represented in



provided in the presence of active materials formng plates 4A and 6A in
superposition with said coil 14. The detection of reference sem-axis 30 of
wheel 6 whose plate 6A is 20 closest to detection elenment 14 will be
described first. In order to do this reference will be made to Figure 3

whi ch corresponds to Figure 3 of Europeah Patent No. 98110729.5 whose
content is incorporated in the present description by reference. Figure 3
shows schenatically a curve 32 obtained by a succession of 25 measurenent
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particular by decreasing the angular dimension of opening 4B, this opening

15 being able to have in particular the shape of a radial slit. It is possible to
determine a lower threshold value for frequency F below which a
measurement point indicates that the geometrical axis of the slit is
substantially aligned with reference axis RD of sensor 10. In such a case, the
angular position of wheel 4 is directly determined by a single measurement

20 value corresponding to the angular position o, for semi-axis 38, which is then
the same as or superposed with reference semi-axis RD. It will be noted .that
such a particular case simplifies processing of the measurement results for
the detection of the angular position of wheel 4.

It will be noted however that opening 6B machined in plate 6A can have

25 considerably smaller dimensions than those of coil 14 without thereby
preventing sensor 10 from detecting the angular position of the reference
semi-axis associated with wheel 4, and thus without departing from the
scope of the present invention. However, in such a case, the efficiency of the
measurement is decreased, i.e. there is liable to be less contrast in the

30 frequency variation. Theoretically, the minimum condition for the present
invention is given by the necessity for the two openings 4B and 6B and spiral
coil 14 to be superposed with each other in at least one situation, i.e. in at
least a first determined angular position of wheel 6 and at least a second
determined angular position of wheel 4. Conversely, in order to assure

35 greater measurement efficiency for sensor 10, and given the distance
between plate 4 and coil 14, it is preferable for opening 6B to have
dimensions at least comparable to those of coil 14 so that at least most of



determ ne whi ch neasurenent corresponds to the angular position [err]=[err]
of semi-axis 30, i.e. when the latter is substantially identical or
superposed with a reference sem -axis RD of sensor 10 which starts from
geonetrical axis 8 1 0 and crosses the_wgnetic axis of coil 14, which is
parallel to axis 8 and passes substantially through the geonetrical centre
of coil 14. It will be noted that the width of the dip of graph 32 (or the
peak in an alternative enbodinent of the electronic circuit of sensor 10)
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t he angul ar mweslian bme of radiali arax 66 mmesm reference semi-axis 60A of plate 46.
In this second embodiment, the passage of arm 60 and 54 respectively
is detected in order to detect the angular position of wheel 6 and 4
20 respectively. In order to do this, the passage of arm 60 and 54 respectively
above spiral coil 14 of inductive sensor 10 is detected. Again, the angular
position of the plate 46 which is closest to coil 14 is first detected. With
reference to Figure 6, several successive measurements 64 are effected
during rotation of plate 46 until arm 60 passes above coil 14. The successive
25 measurements 64 define a substantially symmetrical curve 66. When one of
openings 47 to 50 is situated facing coil 14, the internal frequency of the
oscillator forming sensor 10 corresponds substantially to F;,. Conversely,
when arm 60 is situated facing coil 14, the frequency increases to a value F,,.
Given the symmetry of arm 60 and the resulting symmetry of curve 66,
30 two characteristic parameters can be deduced by an electronic circuit of
sensor 10, namely the angular position corresponding to the middle of the
peak generated by the passing of arm 60 in front of coil 14 and the angular
width 8a half way up the peak, da = a2-a1. Measurement of da allows arm 60
to be differentiated from the three other arms 59, 61 and 62 which each
35 have a lower angular dimension. Detection of arm 60 could possibly be
determined by the value of Fmax which will probably be greater during the



order to do this, a series of nmeasurenments simlar to those represented in
-7- figure 3 are effected and the analysis of the resulting curve simlar
to curve 34 enables the detection means to determni ne which nmeasurenent
corresponds to the angul ar position [err]=[err] for sem-axis 38. This
series of neasurenents and the anal ysis ®f the resulting curve and nade
possible by 5 the fact that plate 6 has an inactive regi on above coil 14
during detection of the passing of opening 4B above (or below) coil 14 of
sensor 10 which responds to a variation in the resenc% of the active
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wi t hout t hempebition of wheel 4, one waits until coil 14 is situated facing one of openings
15 55 to 58 to proceed with the detection of the angular position of wheel 4.
Since an opéning defines an inactive region for sensor 10, the latter then
detects the passing of the arms of the plate 44 which is furthest from coil
14. Detection of the passing of radial arm 54 and determination of the
angular position of reference semi-axis 54A corresponding to o, is effected in
20 a similar way to that explained in detail hereinbefore for wheel 6 with
reference to Figure 6. :
Thus, detection of the angular positions of the two coaxial wheels 4
and 6 is effected using a single same sensor 10 which, according to the
invention, is magnetic or capacitive. In the case of a capacitive sensor, the
25 detection element will be formed by an electrode situated at the surface of
the substrate. The wheels and in particular the plates of these wheels will be
arranged so that there is a variation in capacitance as a function of the
presence of an opening or a full or solid portion facing the detection element.
In order to guarantee accurate detection of the angular positions of
30 wheels 4 and 6, an improvement to the invention proposes effecting a check
consisting in bringing or leaving wheel 4 in a position in which coil 14 is
superposed at least mostly with one of openings 47 to 50 of plate 44, then
driving plate 46 in rotation so that radial arm 60 passes above coil 14 again
effecting a series of measurements allowing the passing of semi-axis 60A
35 onto the semi-axis RD corresponding to angular position o, to be determined
entirely reliably. This measurement may be more accurate than the first
effected given that, during the first measurement, the exact angular position



preventing sensor 10 fromdetecting the angular position of the reference
sem -axis associated with wheel 4, and thus w thout departing fromthe
scope of the present invention. However, in such a case, the efficiency of
t he measurement is decreased, i.e. there is liable to be less contrast in
the 30 frequency variation. TheoreticalllO; the nininumcondition for the
present invention is given by the necessity for the two openings 4B and 6B
and spiral coil 14 to be superposed with each other .in at |east one
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di mensi on when checking of the angular position of wheel 8 has shown a difference
15 between the initial detection and the check detection for wheel 6.

Figure 7 shows a third embodiment of the invention. Plates 44 and 46
of coaxial wheels 4 and 6 are identical to those shown in Figures 4 and 5
described hereinbefore. This third embodiment differs from the second
embodiment in that substrate 12 of sensor 10 which has coil 14 on its upper

20 face is arranged between plates 44 and 46. In this case, plate 44 is the
closest to coil 14. It will be noted however that substrate 12 can be turned
over in an alternative embodiment so that coil 14 is situated under substrate
12 facing plate 46. The method for detecting the angular position of the two
wheels 4 and 6 is similar to that described hereinbefore. The arrangement of

25 this third embodiment can be advantageous given that plates 44 and 46 are
situated on either side of flat coil 14.

Figure 8 shows a fourth embodiment of the device according to the
invention. This device includes three coaxial wheels 4, 6 and 68 associated
with a single same sensor 10 used for the detection of the angular positions

30 of these three coaxial wheels. Wheels 4 and 6 are similar to wheels 4 and 6 of
the second embodiment described hereinbefore with reference to Figures 4
and 5, these two wheels being situated in an identical manner relative to
sensor 10. The third wheel 68 includes a plate 70 parallel to plates 44 and
46. This plate 70 has the same openings as plates 44 and 46. Thus, plate 70

35 also defines four radial arms with one of these arms having a greater
width/angular dimension than the others. The openings in plate 70, two of

a1
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15 than, arms 59, 61 and 62 which are substantially identical. The
I ne of radial arm 54 defines a reference sem -axis 54A of plate 44,

while the nedian |ine of radial arm 60 defines a reference sem -axis 60A of
plate 46. In this second enbodiment, the passage of arm 60 and 54
respectively is detected in order to detect the angul ar position of wheel 6
and 4 20 respectively. In order to do this, the passage of arm 60 and 54
respectively above spiral coil 14 of inductive sensor 1.0 is detected.
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aligned with r €’ sent - axi when the two
sem - axes Thus, according to the method for detecting the position of the three

15 coaxial wheels according to the invention, the angular position of wheel 6 is
first detected as previously described, then plate 46 is brought or left in an
angular position in which coil 14 is mostly superposed with an opening of
plate 46. Then, the angular position of wheel 68 whose plate 70 is situated
below coil 14, at a smaller distance than that of plate 44, is determined. Once

20 the reference semi-axis of plate 70 has been detected and thus the angular
position of wheel 68 has been determined, plate 70 is brought or left in an
angular position in which coil 14 is superposed with an opening in plate 70, in
particular with opening 74. Finally, the angular position of wheel 4 is detected
by sensor 10, plate 46 being still in an angular position in which coil 14 is

25 superposed with an opening of plate 46. Preferably, the opening of plate 70
situated facing coil 14 during detection of the angular position of wheel 4 also
has sufficient dimensions for most of coil 14 to be superposed with this
opening in at least one determined angular position of wheel 68. Plate 70 of
wheel 68 is formed of an active material for sensor 10, like plates 44 and 46.

30 A check can be made of the angular positions of the three coaxial
wheels starting with the closest plate to coil 14 up to the furthest plate, in
the same way as the case with two wheels described hereinbefore. In order
to do this, the other plates are brought or left in angular positions in which
coil 14 is above or below an opening of each of the other plates, or one waits

35 until the device is in such as situation.

Figure 9 shows a variant of the plate of wheel 4, 6 and 68 respectively.
This plate 80 has three openings 81, 82 and 83 forming annular sectors



5 60A and RD are the sane or superposed with each other. Thus, while
menorising the tinme evolution of the rotation of plate 46, the electronic
circuit for detecting the angular positions of wheels 4 and 6 can determ ne
t he i nstantaneous angul ar position of plate 46 once the noment or the
measur enent corresponding to the angular pesition [err] of sem -axis 60A
has 10 been determ ned. Once the angul ar position of wheel 6 has been
determ ned, plate 46 is driven in rotation or left so that coil 14 is
superposed at |east nostly with one of openings 55 to 58 of plate 46. In
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that radi al5arto GGepotaree fabquencodt ). 14 again effecting a series of
measurements al | ow ?Qué,qﬁh&??ﬁé ﬂ%qﬂén&eg? 'tﬂé'osscﬁlgﬁbr corresponds to F,, the
alignment of a radial edge of an opening 81 to 83 with semi-axis RD is
detected. In the case of plate 80, it is also necessary to determine the
angular widths between two transitions. Given that only opening 83 defines an
20 angle of 90°, and providing that the direction of rotation of plate 80 is
known, it is possible to determine univocally the angular position of semi-axis
90 and 92 respectively. Moreover, given that the three radial arms
separating the openings do not all have an identical angular width, semi-axis
90 and 92 respectively can be univocally detected without also requiring the
25 other semi-axis to be detected.
It will also be noted that plate 80 defines a plurality of reference semi-
axes at least six of which can be reliably and efficiently exploited.



35 onto the sem -axis RD corresponding to angul ar position [err] to be
determined entirely reliably. This neasurenent nmay be nore accurate than
the first effected given that, during the first neasurenent, the exact
angul ar position -10- of wheel 4 was not known and that it is possible
that one of arns 51 to 54 of plate 44 wat3situated substantially facing.
coil 14; which can create a certain asymretry in the curve which is shown

in Figure 6 and obtained on the basis of successive maiiﬂnmm‘mn""m
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be noted however that substrate n be over In an alternative
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The met hod f gresdAte ti didive MRaRAENSREDORS bf ibRbwfsald18lehvent, said first plate
including at least one inactive region (6B, 55 to 58; 47 to 50) for said sensor,
said first and second plates being formed at least partially of active

15 material(s) for said sensor, said sensor being arranged relative to said first
wheel so that its detection element is at least in part above or below said
first inactive region in at least one determined angular position of said first
wheel.

2. Device according to claim 1, characterised in that said sensor

20 (10) responds to a variation in the presence of an active material above or
below said detection element (14) by a variation in at least one parameter or
in a variable of said sensor on which a measurement signal provided thereby
depends, said first inactive region (6B, 55 to 5§8; 47 to 50) having dimensions
provided so that said detection element is at least mostly facing said first

25 inactive region in said determined angular position.

3. Device according to claim 1 or 2, characterised in that said first
inactive region is defined by a first opening (6B, 55 to 58; 47 to 50) provided
in said first plate (6A, 46; 44).

4. Device according to claim 3, characterised in that said first and

30 second plates are formed by active materials for said sensor, the second
plate (4A, 44; 46; 70) having at least one second opening (4B, 47 to 50; 55
to 58; 72, 74), said detection element (14) being arranged so that it is at
least partially above or below said second opening in at least one determined
angular position of said second wheel.



wheels 4 and 6 is simlar to that described herei nbefore. The arrangenent
of 25 this third enbodi nent can be advantageous given that plates 44 and
46 are situated on either side of flat coil 14. Figure 8 shows..a. .fourth

enbodi nent of the device according to the invention. This device |ncludes

t hree coaxial wheels 4, 6 and 68 associateg -Wwth a s
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of the three other side of said first plate relative to said support, said sensor being
15 arranged to detect the presence above said detection element of the active
material at least partially forming said second plate when said first wheel (6)
is in said determined angular position.
7. Device according to any of claims 1 to 5, characterised in that
said sensor (10) includes a support (12) at the surface of which is arranged
20 said detection element (14), said support being arranged between said first
and second plates (44, 46; 46, 70), said detection element being situated
facing said first plate (44; 46).
8. Device according to claim 7, characterised in that it further
includes a third wheel (4) which is coaxial to said first and second wheels and
25 includes a third piate (44) perpendicular to said geometrical axis of rotation
(8), said third wheel defining a third reference geometrical semi-axis whose
angular position can be detected by said magnetic or capacitive sensor, said
third plate being situated on the other side of said first plate (46) relative to
said support (12) of said sensor and being at least partially formed of an
30 active material for said sensor, said sensor being arranged to detect the
presence above or below said detection element of active material(s) at least
partially forming said third plate when said first wheel (6) is in said
determined angular position.
9. Device according to claim 8, characterised in that said second
35 plate (70) includes at least one second inactive region (72, 74) for said
sensor, arrahged so that said detection element is at least mostly above or



15 coaxial wheels according to the invention, the angul ar position of

wheel 6 is first detected as previously described, then plate 46 is brought

or left in an angular position in which coil 14 is nostly superposed with—-—
an opening of plate 46. Then, the angul ar position of wheel 68 whose plate

70 is situated below coil 14, at a smallg distance than th l ‘m‘“\“‘
i's determined. Once 20 the reference sem-axis of plate 70 amu am
detected and thus the angul ar position of wheel 68 has been det er nithed
plate 70 is brought or left in an angular position in which coil 14 is
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internmedi ate nateri rtio define radjal segments of plate 80. By way
of exanpl e, PRING ma;ed'p'qggp %y means of a single same magnetic or capacitive
15 sensor (10), these N wheels respectively including N plates each having at
least one indctive region for said sensor which includes a detection element
(14) of active material(s) at least partially forming each of said N plates, this
detection element and each of said inactive regions being arranged so that
they are superposed with each other in at least one determined angular
20 position of the wheel having said inactive region, said N plates each defining a
referencé geometrical semi-axis which can be detected by said sensor, said
method comprising in the following successive steps wherein the N plates are
numbered in an ascending order from the plate situated closest to said
detection element to the plate the furthest from said detection element:
25 A) Determining the angular position of said semi-axis of wheel No. 1;

B) Bringing into or leaving said inactive regions of wheel No. 1 in
superposition with said detection element, or waiting until this inactive region
and detection element are superposed with each other; |

C) Performing steps A) and B) successively for wheel Nos. 2 to (N-

30 1), if required;

D) Determining the angular position of said semi-axis of wheel N.

12. Method according to claim 11, further including the following
successive steps of :

E) Bringing into or leaving inactive region No. 2 in the event that N=2,

35 respectively the inactive regions of wheels Nos. 2 to N in the event that N is
greater than 2 in superposition with said detection element, or waiting until



segnents 86 and 88 respectively define two reference sem -axes 90 and 92 5
of plate 80. Each of the these two reference sem -axes can be detected by

t he detection means using .successive neasurenents 94 defining an S shaped
curve 96 shown in Figure 10. During passing froma full or solid portion to
opening 83 or fromthis opening 83 to a-fili’t or solid portion of plate 80
above flat coil 14, the 10 frequency of the oscillator of sensor 10 passes
fromF[err] to F[err] or vice versa according to the arrangenent of the

el ectronic circuit defjping the oscillator of senspr. 10. .The alignment of
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the horol ogi Cwaf%ile E:B?é 44 is the furthest from said coil 14.
Thus, according to the method for detecting the position of the three

15 coaxial wheels according to the invention, the angular position of wheel 6 is
first detected as previously described, then plate 46 is brought or left in an
angular position in which coil 14 is mostly superposed with an opening of
plate 46. Then, the angular position of wheel 68 whose plate 70 is situated
below coil 14, at a smaller distance than that of plate 44, is determined. Once

20 the reference semi-axis of plate 70 has been detected and thus the angular
position of wheel 68 has been determined, plate 70 is brought or left in an
angular position in which coil 14 is superposed with an opening in plate 70, in
particular with opening 74. Finally, the angular position of wheel 4 is detected
by sensor 10, plate 46 being still in an angular position in which coil 14 is

25 superposed with an opening of plate 46. Preferably, the opening of plate 70
situated facing coil 14 during detection of the angular position of wheel 4 also
has sufficient dimensions for most of coil 14 to be superposed with this
opening in at least one determined angular position of wheel 68. Plate 70 of
wheel 68 is formed of an active material for sensor 10, like plates 44 and 46.

30 A check can be made of the angular positions of the three coaxial
wheels starting with the closest plate to coil 14 up to the furthest plate, in
the same way as the case with two wheels described hereinbefore. In order
to do this, the other plates are brought or left in angular positions in which
coil 14 is above or below an opening of each of the other plates, or one waits

35 until the device is in such as situation.

Figure 9 shows a variant of the plate of wheel 4, 6 and 68 respectively.

This plate 80 has three openings 81, 82 and 83 forming annular sectors



including a first wheel (6; 4) and a second wheel (4; 6; 68) which are
coaxi al, rotatably nounted about a sane geonetrical axis of rotation (8)
and respectively including a first plate (6A, 46; 44) and a second plate
(4A, 44; 5 46; 70) perpendicular to said geonetrical axis of rotation, this
devi ce further including neans (10) for gggecting t he angul ar positions of
a first reference geonetrical sem -axis (30; 60A) of said first wheel, and
a second reference geonetrical sem -axis (38; 54A) of said second wheel
this device being characterised in that said neans for detecting the
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S0; 55 Thus, ‘when the frequency of the oscillator corresponds to F, the
alignment of a radial edge of an opening 81 to 83 with semi-axis RD is
detected. In the case of plate 80, it is also necessary to determine the
angular widths between two transitions. Given that only opening 83 defines an

20 angle of 90°, and providing that the direction of rotation of plate 80 is
known, it is possible to determine univocally the angular position of semi-axis
90 and 92 respectively. Moreover, given that the three radial arms
separating the openings do not all have an identical angular width, semi-axis
90 and 92 respeétively can be univocally detected without also requiring the
25 other semi-axis to be detected.
it will also be noted that plate 80 defines a plurality of reference semi-
axes at least six of which can be reliably and efficiently exploited.



to 58; 72, 74), said detection elenment (14) being arranged so that it is at
| east partially above or bel ow said second opening in at |east one

determ ned angul ar position of said second wheel. 5. Device according to
claim4, characterised in that said first (30; 60A) and respectively second
(38; 54A) semi-axis is defined by a radi U8 -starting fromsai d _geonetri cal
axis of rotation and either passing substantially through the geonetrical
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and capacitive sensor (10) provided with an element (14) for detecting the
presence of active material(s) above or below said element, said first plate
including at least one inactive region (6B, 55 to 58; 47 to 50) for said sensor,
said first and second plates being formed at least partially of active
15 material(s) for said sensor, said sensor being arranged relative to said first
wheel so that its detection element is at least in part above or below said
first inactive region in at least one determined angular position of said first
wheel.
2. Device according to claim 1, characterised in that said sensor
20 (10) responds to a variation in the presence of an active material above or
below said detection element (14) by a variation in at least one parameter or
in a variable of said sensor on which a measurement signal provided thereby
depends, said first inactive region (6B, 55 to 58; 47 to 50) having dimensions
provided so that said detection element is at least mostly facing said first
25 inactive region in said determined angular position.
3. Device according to claim 1 or 2, characterised in that said first
inactive region is defined by a first opening (6B, 55 to 58; 47 to 50) provided
in said first plate (6A, 46; 44).
4. Device according to claim 3, characterised in that said first and
30 second plates are formed by active materials for said sensor, the second
plate (4A, 44; 46; 70) having at least one second opening (4B, 47 to 50; 55
to 58; 72, 74), said detection element (14) being arranged so that it is at
least partially above or below said second opening in at least one determined
angular position of said second wheel.



25 includes a third plate (44) perpendicular to said geonetrical axis of
rotation (8), said third wheel defining a third reference geonetrical

sem -axi s whose angul ar position can be detected by said nagneti.c.or--
capacitive sensor, said third plate being situated on the other side of

said first plate (46) relative to said sygport (12) ' d
being at least partially forned of an 30 active mat\ “ﬂim Imwm)mugnsor,
sai d sensor being arranged to detect the presence above tor tbel ow sdi d
detection element of active material (s) at |least partially formng said
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the geonetrica tre of said third opening, or defined by a radial 10
edge of 38id third6oplAvicy,acserding e gy ofttherraeening daime. sharrciriisedniide of
active mater il sald $8hsor Pi0)dndlLiaés sexd (R)r &dingl SurfdwRt wewmidhMs | nact i ve
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including N 84h%§'es?d§%?r§aﬂf"¥i|-§ﬂt'gplé‘tte relative to said support, said sensor being
15 arranged to detect the presence above said detection element of the active
material at least partially forming said second plate when said first wheel (6)
is in said determined angular position.
7. Device according to any of claims 1 to 5, characterised in that
said sensor (10) includes a support (12) at the surface of which is arranged
20 said detection element (14), said support being arranged between said first
and second plates (44, 46; 46, 70), said detection element being situated
facing said first plate (44; 46). '
8. Device according to claim 7, characterised in that it further
includes a third wheel (4) which is coaxial to said first and second wheels and
25 includes a third plate (44) perpendicular to said geometrical axis of rotation
(8), said third wheel defining a third reference geometrical semi-axis whose
angular position can be detected by said magnetic or capacitive sensor, said
third plate being situated on the_other side of said first plate (46) relative to
said support (12) of said sensor and being at least partially formed of an
30 active material for said sensor, said sensor being arranged to detect the
presence above or below said detection element of active material(s) at least
partially forming said third plate when said first wheel (6) is in said
determined angular position.
9. Device according to claim 8, characterised in that said second
35 plate (70) includes at least one second inactive region (72, 74) for said

sensor, arranged so that said detection element is at least mostly above or



| east one inactive region for said sensor which includes a detection
el ement (14) of active material (s) at least partially formng each of said
N plates, this detection elenment and each of said inactive regions.beipng—--

arranged so that they are superposed with each other in at |east one
determined angul ar 20 position of the.ykeel having said i
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wheel No. 2 to (M41) Mdthod for detecting the angular positions of N coaxial wheels, N
being greater than 1, by means of a single same magnetic or capacitive
15 sensor (10), these N wheels respectively including N plates each having at
least one indctive region for said sensor which includes a detection element
(14) of active material(s) at least partially forming each of said N plates, this
detection element and each of said inactive regions being arranged so that
they are superposed with each other in at least one determined angular
20 position of the wheel having said inactive region, said N plates each defining a
reference geometrical semi-axis which can be detected by said sensor, said
method comprising in the following successive steps wherein the N plates are
numbered in an ascending order from the plate situated closest to said
detection element to the plate the furthest from said detection element:
25 A) Determining the angular position of said semi-axis of wheel No. 1;
B) Bringing into or leaving said inactive regions of wheel No. 1 in
superposition with said detection element, or waiting until this inactive region
and detection element are superposed with each other;
C) Performing steps A) and B) successively for wheel Nos. 2 to (N-
30 1), if required;
D) Determining the angular position of said semi-axis of wheel N.
12. Method according to claim 11, further including the following
successive steps of :
E) Bringing into or leaving inactive region No. 2 in the event that N=2,
35 respectively the inactive regions of wheels Nos. 2 to N in the event that N is
greater than 2 in superposition with said detection element, or waiting until



required, a check of the angular position of the sem -axis associated with
sai d wheel after having brought into or left the inactive regi ons of the
ot her wheels in superposition with said detection el enment, -or-havi.ng wai ted
for said inactive 10 regions and said detection elenent to super posed

with each other, and keeping the angular_pgsition resulti ng wﬂﬂﬁ” :
for each wheel No 2 to (N-1) in the event that it does not n "I
t he angul ar position neasured during step C. 13. I\/Et hod accor di’ ng to"claim
12, further including a final step of: 15 Checki ng the angul ar

posi ti on of B YRR eBichs 0GR nely el 1oL égong\la%t@;,dm@véa@nbrought

into or left sald I nactiVve region in event , respectively the
i nactive regi RgeRb are PUPS"RONed with each pthefyent that N is greater than 2,
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detection during s
required, a check of the angular position of the semi-axis associated with said

wheel after having brought into or left the inactive regions of the other wheels
in superposition with said detection element, or having waited for said inactive

10 regions and said detection element to be superposed with each other, and
keeping the angular position resulting from this check for each wheel No. 2 to
(N-1) in the event that it does not cori'e'spond to the angular position
measured during step C). '

13. Method according to claim 12, further including a final step of:

15 H) Checking the angular position of the semi-axis associated with
wheel No. N after having brought into or left said inactive region in the event
that N = 2, respectively the inactive regions Nos. 1 to (N - 1) in the event
that N is greater than 2, in superposition with said detection element, or
having waited for said inactive region, respectively said inactive regions and

20 said detection element to be superposed with each other, this step being '
performed preferably if the step(s) for checking the angutar position(s), of
wheel 1, respectively wheels 1 to (N - 1), have shown at least one erroneous
detection during steps A) to C).



