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NECHANICAL MOVEMENT OF A TI MEPI ECE The present invention concer

ti mepi ece conprising an el ectrical energy generator conprising a rotor and
means for supplying the electrical energly in response to rotation of the
rotor, and being regulated by an electronic circuit conprising braking

nmeans of the rotor of the generator. Generally, in such tinepieces, an
el ectrical energy sourggs ﬁ?l‘\é%ﬁ?ﬁ@ Qgt W%hg&ﬁ%@ﬂ#%f‘ﬁéﬁi@r to power the
el ectronic circuit. The rotor o e € braked by the
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to for exanple, the frequency of a quartz The |nterest of such ti nepieces
is to obtain a very precise npvenent, regulated by quartz or other, wthout
requiring a batter ebPr§ﬁe§§c&ﬁHF&FéPnh§9Pﬁ&r§SI?nF%@GPFFFétFﬁ@Pr151ngSuch

a tinepiece ign desettedallorertxagpl gelnréztah@opat:embru&&@ &3t i anghi ch
t he angul ar frequen of the alte atl vol.t age of the generator is
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of the rotor off thfe I§EGEREOEF may becone qU|te i nportant, which has as a
risk that the supplghetlitidge GPMWehf E9Rbpieces, an electrical energy
source drives an electrical energy generator to power the
electronic circuit. The rotor of the generator itself, may
be braked by the electroni¢ circuit so as to regulate the
mechanical movement by slaving it to for example, the
frequency of a quartz. The interest of such timepieces is
to obtain a very precise movement, regulated by Quartz or
other, without requiring a battery or an accumulator
having a limited lifetime.

Such a timepiece is described for example in the
patent US-A-3,937,001 in which the angular frequency of
the alternating voltage of the generator is compared to
the frequency of a quartz. In this device, when the
angular frequency of the generator starts being ahead with
respect to the pulses of the quartz, the rotor is braked
by short-circuiting the generator via a resistor. But when
the movement has a certain lead, the duration of braking
of the rotor of the generator may become quite important,
which has as a risk that the supply voltage coming from
the generator may be insufficient for the electronic
circuit.

. The., document EP-A-0 679 968 describes another
timepiece which overcomes this inconvenience, bv proposing
to braks the rotor during a short and fixed time interwval
with respect to its rotation period. The document shows in
particular that the braking must be effected at those
instants at which the value of the alterrnating voltags

coming from the generator is small. The braking pulses are



the generator may be insufficient for the electronic circuit. The _
document EP-A-0 679 968 describes another tinmepiece which overcomes this
i nconveni ence, by proposing to brake the rotor during a short and fixed
time interval with respect to its rotatidn period. The docunent shows in
particular that the braking nmust be effected at those instants at which the
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Conparator,oéggigg S%&%%?T@o-threshold comparators of the state of
the art. Figures 1 and 2 illustrate the results of
measurements performed with zero-voltage threshold
comparator. Figure 1 represents the evolution of the
voltage Ug as a function of time, the value zero of the
ﬁoltage corresponding to a zero-threshold. Figure 2
represents as a function of time the pulses SM at the
output of the zero threshold comparator, the measurement
signal SM varying from the state "0" to the state "1"
according to the result of the comparison. More
particularly, it can be seen that an electric parasite on
the voltage Ug, at an instant tl provokes the appearance
of parasite pulses Il on the measurement signal SM. This
electric parasite may be simply a transfer of the ground
noise.

Thus, the observed malfunctioning seems to be caused
by a parasite pule Il registered by the electronic circuit
as being normal pulses I2 or I3 of the rotor.

A signal smoothing filter may be provided to suppress
these parasite pulses. But this filtering delays the
appearance of normal pulses. However, the braking pulses
must be applied without any delay while the voltage Ug is
low, as explained here above. This solution further
requires large filter capacitors which goes against the
desired miniaturisation and integration of the electronic
circuit.

Another solution which may be considered consists in

lifting the threshold of the comparator. However, the



signal. SMvarying fromthe state "0" to the state "1" according to the
result of the conparison. Mire particularly, it can be seen that an

el ectric parasite on the voltage Ug, at _an instant tl provokes the
appearance of parasite pulses |1 on t he3neasur enent  si gnal SM This

el ectric parasite may be sinply a transfer of the ground noise. Thus,
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chronogram of the voltage Ug of the generator, see figure
3. As shown, the generator voltage Ug thus drops during
the braking at instant t4, and double pulses I4 and I5
appear (see figure 4), which goes against the desired
result.

An object of the present invention is to stabilise
the functioning of a timepiece with a mechanical movement
regulated by an electronic circuit.

In particular, an object of the invention is to know
the origin of such malfunctioning and to remedy this.

Another object is to obtain a miniature timepiece
having an electronic circuit which is simple and reliable.

By trying to achieve these objects, the Applicant of
the present invention identified a surprising phenomenon
during elaborate and difficult experiments on such
timepieces. _

Indeed, it was observed by the Applicant that the
threshold of the previously used detection circuits
depends in fact on the value of the power supply voltage.

In a surprising manner, during the braking of the rotor,
the drop of the voltage of the generator suffices to
deviate the threshold of the generator which thus
generates a new pulse. Thus, for a usual comparator such
as a Schmidt amplifier having a low positive threshold Uth
and a low nggative threshold Utb, the comparator provides
double pulses“instead of providing only one. Indeed, the

drop of the voltage Ug provided by the generator may reach



conparator could be a Schm dt-anplifier having two separated threshol d

val ues. The threshold Ut is represented as a dashed line in a timnme-diagram
or chronogram of the voltage Ug of the generator, see figure 3. As shown,
the generator voltage Ug thus drops durihg the braking at instant t4, and
doubl e pulses 14 and |5 appear (see figure 4), which goes against the
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provi di ng on?y*ohgt *sf the voltage Ug provided by the

generator may reacha source of mechanical energy mechanically
coupled to said rotor to cause said rotation of said.
rotor, measuring means coupled to said generator for
producing measurement pulses of the angular frequency of
an alternating wvoltage supplied by the generator which
corresponds to the angular frequency of the rotor,

- braking means responsive to a braking command
signal for applying a braking torque to said rotor, and

- an electronic circﬁit cbmprising reference means
for producing a signal having a reference frequency, and
slaving control means arranged to control said braking
means when said measurement pulses are ahead with respect
to the reference signal such that the reference frequency
regulates the angular frequency of said rotor and of said
mechanical source, said timepiece being characterised in
that said electronic circuit further comprises inhibition
means synchronous with said measurement pulses and
arranged such as to avoid a splitting of said measurement
pulses.

Thus, according to the invention, during the braking
command, the detection of measurement pulses is inhibited
soO as to suppress such pulse splitting without
substantially delaying the braking with respect to a sign
change of the generator voltage. '

Advantageously, the. invention provides that the
inhibition means ére correlated to a braking command

supplied by the slave control loop.



a value which is greater than the positive threshold Uh of the conparator
t hus provoki ng the appearance of a parasite pulse. This phenonenon only
occurs during the braking command, thus %th after the appearance of the
first pul se. It is the identificati®n of this unappreciated problem
whi ch has all owed the Applicant to resolve it by a tinmepiece conprising
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wi thout substantially delaying the braking wth respect to a sign
measurement pulSes obtained by timepieces with mechanical

movements regulated by an electronic circuit of the state
of the art; |

- Figure 5 represents a principal diagram of an
electronic circuit for regulating a mechanical movement of
a timepiece according to the invention;

- Figure 6 represents a chronogram of the
alternating voltage at the poles of a generator of a
timepiece of figure 5;

- Figures 7 to 1l represent chronograms of pulses
obtained at several points of the circuit of figure 5, and

- Figure 12 represents schematically an embodiment
of an electronic time-delay circuit Tmr of the electronic
regulation circuit of figure 5.

The electromechanical part of the timepiece according
to the invention is represented schematically in figure 5.
It comprises a mechanical energy source 2 consisting of a
barrel spring coupled via a gear train 4, symbolised by a
chain-dotted line, to time display means 6, such as the
hands of a watch face, the mechanical energy source 2
further being coupled to a rotor 3a of an electrical
energy generator 3. Generator 3 further comprises an
inductive coil 3b, rotor 3a comprising a bipolar magnet

represented conventionally by an arrow. This part will not



change of the generator voltage. Advant ageousl y, .the invention provides
that the inhibition neans are correlated to a braking conmand supplied by
the slave control | oop. A preferred enbodi nent is
characterised in that the inhibition nmefns generate a-braking command, the
time delay of this conmand being controlled by the slave control | oop.
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ChronogransrﬁFpﬁﬁFSEQ the reference voltage V0=0 Véﬁts of terminal BO

(see figure 5).

This alternating voltage Ug is applied to a rectifier
5 for powering with a constant voltage an electronic
regulating circuit 1 of the movement. An example of a
preferred embodiment of a rectifier will be indicated
further on.

As will be seen, electronic circuit 1 may regulate
the mechanical movement of the timepiece by acting on
braking means of rotor 3a of generator 3 which are
provided to this effect.

The movement of the watch will indicate the actual
time when the rotor rotates at a given speed, which will
be called the normal speed.

The free speed of the rotor, i.e. without any
braking, will be slightly faster than this normal speed.
When the movement starts to run slow or to lag, the rotor
will be allowed to turn at its free speed so as to make up
for this lag. On the contrary, when the movement starts to
run fast or to lead, a braking command provided by the
electronic circuit 1 will limit the rotor speed to below
the normal speed so that the movement will lose this lead.
Other details concerning the choice of these speeds and
the braking mode are given in document EP-A-0 679 968,
mentioned here above, the contents of which 1is
incorporated here above reference and to which reference
will be made whenever necessary.

Thus, the timepiece further comprises measuring means
for measuring the speed of the movement. They are

constituted of, preferably, measuring means of the angular



obt ai ned at several points of the circuit of figure 5, and - Figure 12
represents schenmatically an enbodi nent of an electronic tinme-delay circuit
Tnr of the electronic regulation circuit_of figure 5. The

el ectromechani cal part of the tinepiece'%ccording to the invention is
represented schematically in figure 5. It conprises a nechani cal energy
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through this deviation will thus provoke the appearance of
a magnetic field which opposes itself to the cause of this
current and to the movement of the rotor. It may be
contemplated to redirect or deviate the current into a low
value resistance. However, thé preferred embodiment of the
invention provides an electronic interrupter or switch K
directly connected between the two terminals B0, Bl of
coil 3b of the generator. A very powerful braking may thus
be obtained. .

Electronic switch K is advantageously constituted of
a bipolar transistor or of a FET transiétor as is
explained in the above-mentioned document EP-A-0 679 968.
Other equivalents are also well-known to specialists so
that the functioning of this electronic switch K will not
be described in detail here.

Naturally, such a short-circuit provokes a drop.of
the voltage Ug of the generator, the voltage becoming
substantially zero during the braking command.

Figure 3, already described here above, shows for
example the pace of the alternating voltage Ug during a
braking cycle, which may be compared to figure 1
representing the voltage Ug without any braking. It can be
seen that during a half-period t0-t6, there is a time
interval t4-t5, during which the braking is commanded, the
short-circuited generator providing its entire energy to
switch K.



further on.
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As will be seen, electronic circuit 1 may regul ate the

novenment of the tinepiece by acting on braking neans of rotor
of generator 3 which are provided to this effect. The novenent of the

i ndicate the actual tine wherPthe rotor rotates at a given

speed, which wll be called the normal speed. The free speed of the
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voltage Ug.

Electronic regulation circuit 1 of the movement of
the timepiece such as illustrated in figure 5, is formed
principally of an oscillator Osc providing a signal having
a base frequency FO0, of measuring means - referenced Trig
and Inh - of the angular frequency of rotor 3a, and of a
frequency slaving circuit controlling a braking command of
the rotor.

The frequency slaving circuit commands the braking
when the measurement pulses IN provided by the measuring
means Trig, Inh, and which have a frequency corresponding
to the angular frequency of the rotor, are leading with
respect to pulses, referenced FR, which are provided by
the oscillator Osc, and having a reference frequency taken
from base frequency FO of the oscillator Osc, for example
by dividing the signal FO so as to obtain a signal having
the reference frequency.

To this effect, preferably, the slaving circuit
comprises a frequency corrector Div which acts on the
signal having a base frequency FO0, and which provides
pulses at a reference freguency FR. The corrector Div may
simply be a frequency dividing circuit, well-known to
specialists and will thus not be described in detail here.

It should however be mentioned that intermediate

frequency pulses F1l may also be extracted from such
circuits.
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by the electronic circuit 1 so as to neasure the deviation of the novenent
and to provide, if necessary, a braking command. These nmeasuring means and
the processing of the pulses will be desgribed in nore detail with the
electronic circuit. - The braking is *Obtained by a short-circuiting of
coil 3b of generator 3. The electric current which then flows through this
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The slaving circuit further comprises a comparator,
referenced Cmp, providing a signal AV which indicates the
lead (or the lag) of the movement with respect to
reference frequency FR. This comparator Cmp may be, for
example, an up-down c¢counter, or a reversible counter,
which counts the difference of the number of measurement
pulses IN, received at its input "+", and the number of
reference pulses FR, received at its input "-", as
described in the document mentioned here above
EP-A-0 679 968. The state or ﬁhe level of this signal AV
which is available at the output of the comparator Cmp
thus indicates if the angular frequency of the rotor is
leading or not with respect to reference frequency FR.
The slaving circuit finally comprises a time-delay
circuit, or register, and referenced Tmr, providing pulsés
of a determined duration. A first of two inputs of time-
delay circuit Tmr is connected to the output of circuit
Inh, and the other input receives from divider Div the
pulses Fl used to determine the duration of its output
pulses. The time-delay circuit further comprises a
validation terminal receiving the signal AV of comparator
Cmp. The time-delay circuit Tmr provides at its output
braking pulses, referenced IF, with a fixed delay after

the appearance of measurement IN, if however the signal AV



8 . The docunent EP-A-0 679 968 indicates that the braking command nust
be applied at that instance at which the voltage Ug is close to zero and
during a snmall tinme interval, which is ?beferably inferior to 1/8 of the
angul ar frequency of the alternating voltYage Ug, to avoid a consecutive
drop of the supply voltage V+, V- provided to the rectifier 5. In an
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slaving circuit conprises requenc "5 On
si gnal havi agtarpasd ng eHQéWQZOUgarWQMLdderWl mepmg@s at ahesference

frequency RRrakh@Lopl@eleyy Bré Mpplied. In figure 6, there is
indicated by a dotted line two levels of a threshold
voltage Uth and Utb which have a small value with respect
to the amplitude of the voltage Ug. The threshold Uth is
positive and slightly larger than the reference value 0
Volts of the alternating voltage Ug. The threshold Utb is
negative and, preferably, symmetrical to the threshold Uth
with respect to this voltage of 0V.

Preferably, the invention in fact allows for the
measuring means of the angular frequency to comprise a
hysteresis amplifier, or Schmidt-trigger, referenced Trig
in figure 5. Figure 7 shows a chronogram of pulses IM
obtained at the output of the amplifier Trig. It may seen
that the output IM of the amplifier changes to a first
level (state "0") following the instant b2 at which the
input voltage Ug becomes smaller than the low threshold
Utb; the output IM rests at this first level as long as
the voltage Ug does not become larger than the high
threshold Uth. At the instant h3, the voltage Ug surpasses
this threshold Uth, and the output IM changes to a second
level (state "1"), thus generating a pulse H3 which lasts
reciprocally until an instant b4 when the voltage Ug drops
below the lower threshold Utb. The realisétion of such an
amplifier (also called Schmidt flip-flop or Schmidt-
trigger) is well-known to specialists and will thus not be
described in detail here.



si mply. be a frequency dividing circuit, well-known to specialists and w |

t hus not be described in detail here. It should however be nentioned
that internedi ate frequency pul ses F1 naﬁ al so be extracted from such
circuits. In the enbodi mdit represented in figure 5, the

oscillator Gsc is a quartz having an own-frequency FO of 32'768 Hz. The
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However, in order to have two opposed threshold
voltages Uth and Utb, electronic circuit 1 preferably has
a continuous symmetric power supply V-, VO, V+. In a
classical manner, a decent symmetric power supply has a
generator in the middle and a simple rectifier together
with a capacitor between each of two outputs V+ and V-,
the reference output V0 being taken in the middle. An
inconvenience of this solution is to diminish by half the
amplitude of the measurable alternating voltage Ug, an
amplitude which is already low at the terminals of a
miniature coil 3b.

The preferred embodiment of the invention comprises a
symmetric rectifier 5 as illustrated in figure 5. This
rectifier comprises, in particular, a reference output VO
connected to the reference terminal B0 of generator 3, and
two capacitors respectively arranged between a voltage
output V+ or V-, and the output V0. The functioning of
rectifying circuit 5 intended to regulate a continuous
power supply of electronic circuit 1 will not be described
in detail here because it may be obtained in several
manners well-known to specialists.

It should however be noted that each capacitor is
recharged at each alternation substantially to a level
corresponding to the maximum value of the alternating
voltage Ug.

In figure 7, it can be seen that output signal IM of
trigger Trig does not stay at the low level (state "0")



described in the docunment nentioned here above EP-A-0 679 968. The state or
the level of this signal AV which is avail able at the output of the
conparator Cnp thus indicates if the angular frequency of the rotor is

| eading or not with respect to referenc 2frequency FR. The sl aving
circuit finally conprises a tine-delay circuit, or register, and referenced
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split pulses at the beginning of the braking cycle. Figure
7 shows, for example, the absence of splits at the
beginning of pulse H3, at the instant of the first braking
pulse F3 represented schematically in figure 11. The
splitting of pulse H3-HS appears only at the second
braking pulse F4. In fact, the maximum value of the
alternating voltage Ug is diminished after the first
braking pulse F3. Also, the value of the rectifier voltage
V+ becomes smaller. This deviation of the supply voltage
seems to provoke a deviation of the thresholds Uth and Utb
of trigger Trig. It was thus noticed that, at the
following braking pulse F4, the drop of voltage Ug may
obtain a value which is greater than the value of
threshold Uth which thus causes the appearance of a
parasite pulse HS5 represented in figure 7. This phenomenon
may also be provoked by the existence of a‘ certain noise
or trash voltage at the terminals of switch K (see figure
5). This trash voltage might prevent voltage Ug from
returning to a totally zero value.

The present invention provides synchronous inhibition
means of the measurement pulses to avoid this problem.

To this effect, electronic circuit 1 according to the
invention further comprises a synchronous inhibition
circuit Inh receiving the measurement pulses IM provided

by the threshold comparator Trig, this set Inh, Trig thus
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such a hyst3f¥ST3LaR@NiVRLPNES fRSt known to specialists, the present

invention is considered to lend itself to all known
synchronous inhibitions without specifying the
synchronisation source.

According to a first embodiment, inhibition circuit
Inh comprises a time base (internal or external) and,
normally, transmits the measurement pulses IM coming from
amplifier Trig directly to the time-delay circuit Tmr.
However, when inhibition circuit Inh is activated, the
circuit does not any more transmit the measurement pulses
IM during an inhibition duration. The inhibition starts at
the appearance and/or the disappearance of a pulse, i.e.
the inhibition circuit reacts on the rising as well as the
falling flank of pulses IM, and its activation duration ti
is time delayed by its time base. For example, with
reference to figure 6 and to figures 7 and 8, which
respectively represent the different pulses transmitted by
amplifier Trig (figure 7) and by inhibition circuit Inh
(figure 8), the inhibition circuit normally transmits
measurement pulses H1l, H3 and H7, by way of pulses M1, M3
and M5 respectively, because their transitions at
instances b2, h3, b4, h7 are separated by time intervals
which are longer than the inhibition time duration ti., but
this inhibition circuit does not transmit the parasite HS
which appears during the inhibition time ti starting at
the falling front (instant b4) of pulse H3, see figure 8.

According to a non-represented alternative of the
first embodiment, the inhibition circuit generates a

d

ere. An advant age of



It is.hardly sensitive to electric noise, contrary to single threshold
conparators of the state of the art (see figure 1). In particular, the
trigger Trig which has a double threshold Uth, Ub does not register
parasite voltages which are snaller t hah®t he difference between the o
thresholds Uh - Utb. Furthernore, a Schm dt-trigger having a positive
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y frequency FR. It may be understood that other equivalent

inhibition circuits well-known to the specialists may also
be used.

According to another embodiment, illustrated in
figure 5, the inhibition circuit receives at an input
pulses IF, represented in figure 11, each being a braking
command for braking the rotor of the generator, issued by
time-delay circuit Tmr and the inhibition éorresponds to
the braking duration tf, see figure 11. Indeed, as was
observed, the parasite pulses due to the splitting only
appear during the braking. A very simple synchronous
inhibition is thus obtained. |

The preferred embodiment of the invention comprises
however an inhibition command II having a duration which
is greater than the braking command IF, and which covers
all the braking instants. Inhibition pulse II thus covers
the instants following the end of braking pulse IF and the
appearance of the pulse II may thus precede the appearance
of this pulse IF. This "dissipation" ensures that delays
of the propagation of the inhibition or the braking or of
the voltage Ug do not trigger another parasite pulse. In
the preferred embodiment of the invention, the time-delay



12 when the voltage Ug is less than the |low threshold Ub of trigger Trig,
thus frominstant b4 on, but that this signal IMpresents a splitting of

pul se H3 into pul ses H3 and Hb5. The _Applicant of the present invention
di scovered during | aborious experinent s1®that this sur prising phenonmenon
occurs while braking during the negative half alternation as illustrated in
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time-delay circuit Tmr of the preferred embodiment, lets

take the example in which the time-delay circuit Tmr
receives the pulses Fl having a period 0.244 ms at a first
input connected to the output of divider Div. When a
normal pulse IN appears on the other input, which is
connected to the output of the inhibition means, and if
the state of the lead signal AV controls it by supplying a
pulse to the validation input of the time-delay circuit
(see figure 5), the time-delay circuit Tmr immediately
provides an inhibition pulse II. A braking pulse IF also
appears at the output of time-delay circuit Tmr delayed by
a period Fl1 of 0.244 ms with respect to the start of
inhibition pulse II, and an internal counter limits its
duration to 21 pulses Fl1 which corresponds to 5.124 ms.
Indeed, the internal counter must ensure that the braking
duration is around 5 ms. Another internal counter limits
the duration of pulse II to 25 pulses F1l, which
corresponds to 6.1 ms. Inhibition pulse II thus ends 0.723
ms after the end of braking pulse IF.

An embodiment of an electronic circuit of time-delay
circuit Tmr providing such inhibition pulses II and
braking pulses IF will now be described in detail with
reference to figure 12. The circuit represented is a logic
circuit receiving pulse signals having'an intermediate
frequency Fl, the lead signal AV (or the lag signal) and

the measurement pulses mentioned above, and which provides



or trash voltage at the termnals of switch K (see figure 5). This trash
vol tage m ght prevent voltage Ug fromreturning to a totally zero val ue.
The present invention provides synchronous inhibition neans of the
measur enent pul ses to avoid this proble To this effect, electronic
circuit 1 according to the invention further conprises a synchronous
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Inh is actiRat®ds tde output R2. Furthermore, the register Reg
comprises an activation terminal S which is connected to
the output of an AND gate, referenced And, which performs
the logic operation "and" between the lead signal AV and
- the measurement pulse signal IM. When the terminal S
changes to the state "1", the register Reg is activated
and output Rl changes to state "1". At the following pulse
Fl, the output R2 changes to the state "1", output Rl
being reset to the state "0".

The output R3 is connected to a counter Cptr which
will allow to limit the duration of the pulses IF, II and
IN. The counter may, for example, count until the wvalue
five, a hold output Q changing to the state "1" after a
countdown of five pulses R3. If the initialisation
terminal R 1is at the state "1", the counting is
initialised and output Q is reset to state "0". Output Q
of counter Cptr is connected to the clock input of a D-
type flip-flop Fli. This flip-flop further comprises a
data input receiving the state "0". A terminal S for
setting to "1" allows to force the state of output Q and
NQ to the states "1" and "0" respectively. The terminal S
for setting to "1l" is also connected to the output of
logic gate And. |

It will now be considered that the angular frequency
of the rotor is fast, i.e. is leading with respect to
reference frequency FR. The lead signal AV is in the state
"l". At the instant "h", when the voltage Ug surpasses,

while rising, threshold Uth, a measurement pulse IM



circui.t does not any nore transmt the neasurenent pulses |IMduring an

i nhibition duration. The inhibition starts at the appearance and/or the

di sappearance of a pulse, i.e. the inhibition circuit reacts on the rising
as well as the falling flank of pulses ¥l and its activation duration ti
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and to figures 7 and 8, which respectively represent the different pul ses

transni tt ed “BROGRS %9 &R g ('t Jlice CAITHRR IR I M Biagieirer rRed tandh
(figure 8), otheliiphiflidg (IiliCiarr%Uithu@,ONEﬁ‘ﬁ'dgﬁé tsftai’lﬁn"tlts"_ .rrasﬁlttsl i mb @yﬁes
Hl, H3 and HZ, by may_of pulses Ml a respectively, because their
transitions &t aﬁ%tsﬁ"é%%ee% %}é ﬁg? BREPHF ggrec 7%t B9 Bfr#leme]i t g’?%l s
whi ch are IongputtbagnaheQinﬁiBlipeﬁlbpnElﬂuiatépplié@rt@,aﬁnﬁn@@ts%f _
inhibition giLrcw not 1.1 the parasite H5 | ? appear.s. duri ng
the i nhibit fon P:Rtrre tetzer'r] S faé:?;é%tegt Bt fgﬁ?sﬁ% for%\@n#ﬁ i nSFRYL 7S of
pul se H3, séahfikjition. pulsegcdildi nfrom athen- ieptesént U "al o'y nathee of

the first eghedbiRAbn bhﬁséeh:&?bgwnxfim&étcﬂ&l@&%@f& itat%e “1". The
14 normal pulse IN of determ ned duration at each flank of measurement
pul se I'M unB@sgattﬁ—i PLRFRSa fe £28 td dHhiend- oF iforaRar 3Rl e 1R " Sertivesn

I nhi bi tion ehecuidtpiry peDbtBiked o @1 BEAG aaNauegue 0 Jd siehay
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pul'se IM the,MA0Y A¥ 1 hise PV PES Bhybb8r OULRYUL AR QUS4 N Of
of the shift register Reg is applied to the clock input of
flip-flop Flo. The transfer of the data Q to the output of
the flip-flop Fli will thus be delayed until the following
transition of signal R2. The two outputs Q of the flip-
flops Fli and Flo are also applied to two inputs of an AND
gate, referenced Et, performing the logical operation
"AND". The output of the AND gate then provides the
braking pulse signal IF.

By reconsidering the preceding example of an
embodiment, the transition of signal R2 occurs 0.244 ms
after instant "h". Thus the braking pulse IF appears 0.244
after the appearance of the inhibition pulse II.

Also, the output NQ of flip-flop Fli is connected to
the initialisation terminal R of counter Cptr. At the
instant "h", the output NQ changes to state "0", the
counter is activated and starts counting the pulses F1
issued by register Reg. According to a counting example,
after five periods of pulses R3, the output Q of counter
Cptr changes to state "1". This transition on the clock
input causes the flip-flop Fli to reproduce at its Q-
output the state "1" of the data. The output NQ thus
passes to state "1" by initialising the counter Cptr and
its output Q. The outputs Q of counter Cptr and of flip-
flip Fli thus stay in the state "1", this situation
lasting as long as the transition of the state "0" to "1"
does not appear on the setting terminal of flip-flop Fli.



determ ned duration. Also, at the falling flank of a pulse IM the
nonost abl e provi des another normal pulse IN of determ ned duration. It
shoul d be noted that such a nonostable provides two normal pul ses I N at
each angul ar frequency of the rotor, sol& hat the frequency of the nornmal
pul ses I N nust be conpared to a doubl ed reference frequency FR It may be

under st ood that other, equival ent |nhibitiﬁn cifcuits mgll-kno tok{he
speci al i sts may WsFHe BEEFSIINI AW HY (f afbt nePPeFHEH
i I | ustr at edcountigyr ef5cohheelrnlmptﬁrt Fe:q @irmcluﬂ-cbnrseél wishathan smgmal pul ses

repres each br 0 | t he
rotor gf tﬁg§ (gh%z?% c}qebylr%sqféenr%eﬁ'éy Ci rcw Qﬂﬂﬂq—[@g Srtthe | ‘nhi gi tion
correspondsn$oa8henﬂnahmﬁ@ thermbiediond. BuesfiHudesd 1ms phdesd inssamts
observed, thg. p%&%ﬁe aubﬁeéodﬂeewc%kag SRLELENG OBIALAPPAT, RigHIY { he

braking. A very si chronous in ition IS _thus obtalned.
preferred enbeelt nEhisef thige qubpats ¢h asi@ sef ﬁé%@véﬂOQthﬂuqﬁQWQW

comand || @@Vlg\ga@edur@t [ %d/mu--qh | segperitgivdan thee bﬁ;@gr{tg,_&%nmegld | F,
and which covers all hg k|n |ns§ants I nhi hi.tion gflse [ us covers
the i nst ant’s®$®t Fbad hgetinan SbF EFnYoYulBE I LF 3 R e of

the pul se I;_bum IMUSTmelsmllemdﬂq:wmmrmbeR mmsoLﬁe;tmﬁrFs thhitshe
"di ssipatio ensyE s, t del ays ot,,he r gation of the inhibition or
gs%?,t (§ rﬁe 1n% r]i’l % %%% %ts

t he brakin age ot tri° gger “anot her parasite pulse. In
the preferred ermamlevrem chet rwupwterﬂlgﬁ flhe-tilew dlayis still in

15 state "1", until the next transition of output R2 of
register Reg.

According to this embodiment, this transition occurs
0.732 ms after the re-initialisation of counter Cptr, i.e.
at the instant "h" + 6.1 ms. The inhibition pulse II thus
disappears 0.732 ms after the disappearance of braking
pulse IF.

The signals of time-delay circuit Tmr stay in this
state as long as a new measurement pulse IM does not
appear.

Finally, it can be seen that the time-delay circuit
Tmr provides inhibition pulses II and braking pulses IF
which are correlated, the duration of an inhibition pulse
IT being longer than and thus "dissipating" over the
duration of the braking pulse IF to avoid any error during
the switching. '

The circuit of figure 12 also illustrates an
embodiment of the inhibition circuit Inh. According to
this example, the inhibition circuit Inh is a D-type flip-
flop sensitive to the state of wvalidation input E. The
inhibition pulse signal II is applied to this input E, the
data input receiving the measurement pulses IM and the
data output providing the normal pulses IN.

During functioning, the output of normal pulses IN of
such a circuit Inh duplicates the state of the measurement
pulses signal IM only if the validation input E is in
state "0". During the inhibition, i.e. when the inhibition



circuit Tnr conprises two outputs which provide correlated inhibition

pul ses Il and braking pul ses |IF. The concept of "correlation”

desi gnates a sinmul t aneous appear ance, or_.an appearance with a substantially
constant time delay, of two physical phéﬁonena such as signals or pul ses.

It should however be noted that these two phenonena may have different
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To illustrathet h@sééprtel"élt"l on ©fl e ptsesdisgued bRisi lembdneha)erm Y.cui t
Tnr of the prefekrped %@%Mbpd@tﬁerﬁéﬁs @ﬁ% ﬁ%&elhaep% @&n?;f

time-delay cjrcuit Tpr, receives the pul ses a per at a
first input E%nﬁ%%‘t‘%ﬂt’f%nﬁH%fd'thﬁ)dﬁea&ﬂ-‘r(ﬁn\ﬁn&epuﬂaﬁﬁs PhERad A¥rmal pul se IN

appears on the opfnﬂalwputm Whd g hbks seaeehgd et Nt Pt oA nddirs
i nhibition te of the lead signal AV controls it by

g , ~and i.f.thE sgﬁ

suppl yi ng ang PEetPoSLABIDEFRY FoﬁaFﬁB&FeoP RESt I c&’eFé;‘rls(ﬁ PediA{ see
figure 5), toeréecoedddaying raflithel mimiepiedieat el y provi des an inhibition
pul se I'l. A brakj g S ap [S t th outp of Ilrre del a

circuit Tnr del a%:/gd af%%ﬁl%% I%f $§% Z”sl&’ TLeR f“l‘?é‘rgart of
i nhi biti on pemkened wikl talmemﬁaﬁumng:ommm dqmprtlssmtgs aghuttsiterdsi 21

pul ses F1 v@mﬁmﬁ%&eslp%@idéo the 2¢ {fRp il eehtfﬁhea' g}o%fd“akm&glﬂltt must

ensure that t braki ng duration |s aroun not h Intern unt er
linits the iﬁﬁ’a‘??%rﬁ?ﬂerﬁﬂf &lqqtnis pergsises-F1, which corresponds to 6.1

ms. | nhi bl tion prlhéecé.:badi'tthr§ﬂﬁ.S rhctAF gy o tn%ry %@aﬁl@g@o@l@k'ﬁéﬁréﬂ“ se

| F. f an _electroni,c circuit af time- circuirt Tnr
provi di ng Sﬁgﬁgl "ﬁ RIS hRFasilly Jursss nlqgevﬁélalryn&ﬁ%
descri bed |¢pdmwld/a textebmedgcestable gtheekholthevolkaygids repr egented is

a logic ci rﬁéggufﬁg&iﬂéé}% _puI se signal s having an internedi ate

The skilled person will readily understand that
several modifications may be applied to the timepiece
described here above without departing from the scope of
the present invention.

In particular, it should be mentioned that the
duration of the braking pulses IF may be modulated
according to the importance of the lead of the measurement
pulses IM with respect td the reference pulses FR. This
alternative is particularly suitable for a slaving circuit
comprising a phase locked loop, the circuit thus providing
a signal AV the level of which may vary proportionally to
the phase-shift of the pulses IN with respect to the
braking pulses IF, and the level of the signal AV thus
modulating the duration of the braking pulses IF provided
by time-delay circuit Tmr.



frequency F1, the lead signal AV (or the Yag signal) and the measurenent
pul ses nentioned above, and which provides

16 a braking pul ses signal IF, an |nh| |t|on pul ses signal Il and a
normal pul ses signal IN as nmentioned abd The_logic circuit of figure

12 conprises a shift register Reg rece|V|ng pul ses ‘F1 at its clock imput,
the registe ng four outputs RO Rl, R2 and R3, iﬁu"nw u ppear
successi velgm According to the precedi ng exanpl "ﬂ"m 'an t he

pul ses F1 have a period of 0 244 ms. The out put R3] t Aus ‘gehertit es pul ses
whi ch have a perl?d fﬁm f@ﬂn@r .to, but delayed by 0.244 ns with
respect to the pulses at output . "Furthernore, the register Reg conprises
an activation terni rédt SLeARFERCAS @@#m&ﬁGQPQQF4¢RFo&%bu?°@92$$HQI)@ate
referenced ABdorwWniz@d) Reid qaganghezb@glﬁxop@ihﬁ@é Thg agdigbeiieran-ide | ead
signal AV and the peasurenent gu se signal

en t he éern1nal S changes
to the stat8®H9Y tRIFEITRI®r ?%ﬁfQQ¥%%H|QEﬂ§9} k@t8at fdf)RL changes to
state "1". At the fal sm.llﬂgepldﬁan&ihaﬁheamu'femdrdiﬂ Chpngeshiam ildel B¢ at e

"1", output Rl lng r he t ut RB s_.conhnect ed
to a count ef Eﬁggdmchﬁg%Fl%ggﬁfo %OWFFuFe 5 &Egﬁ## (ﬁpﬁtuarﬁﬁ s IF
'l and IN. fhéocoumﬂasun%ngfm#a@aaWEreg)mmﬂuplﬁd|¢Otheldagﬁména&pra hol d

out put Q chaggi ngoto g f@déﬁﬁﬁﬁR& '}Je'agﬁ Sﬁ\eﬁtcwigggﬂ Of fine awg%ﬂsaBS 'f
thEInItIa|IsatIOI’l term 1 S e state "1 ECOUI’I'[II’I
frequency of an alternatlng voltage supplled by the
generator (3) which corresponds to the angular frequency
of the rotor (3a),

- braking means (K) responsive to a braking command
signal for applyving a braking torque to said rotor (3a),
and

- an electronic circuit (1) comprising reference
means (Osc) for producing a signal having a reference
frequency (FR), and sléving control means (Div, Cmp, Tmr)
arranged to control said braking means (K) when said
measurement pulses are ahead with respect to the reference
signal such that the reference frequency regulates the
angular frequency of said rotor and of said mechanical
source, said timepiece being characterised in that said
electronic circuit (1) further comprises inhibition means
(Inh) synchronous with said measurement pulses (IM) and
arranged such as to avoid a splitting of said measurement
pulses.

2. Timepiece according to claim 1, characterised in
that said inhibition means (Inh) are correlated to said
braking means (K).

3. Timepiece according to claim 1 or 2,
characterised in that a braking command signal (IF)
provided by a slave control loop is also used to control
said inhibition means (Inh), the loop controlling a time.
delaying of said command.

4. Timepiece according to any one of the claims 1 to
3, characterised in that said inhibition means (Inh)



initialised and output Qis reset to state "0" of counter Cptr is
connected to the clock input of a D- type flip- flop“ﬂ‘“ﬁ r“lslumleu;" Iop
further conprises a data input receiving,the state t for
settingto"l" allows to force the staté&'of output Qand fhe' states
"1" and "0" respectively. The term nal S for settlng to "1" |s al so
connected t (o] t ate now pe .consi der ed
that the anguPt'L%q'ftr Lequgérje tpin%ﬁ??%e 7 Ot Hée% %erm?n% pPisFéa UTgRe th
respect to Eémer ed@éafyrleqdﬁém:y lFlhlld'hmbaadbenggal tAVgigeredt Hey stiehe " 1"

At the inst éﬂfaeabancéé'hgf‘ t’éllﬂ@ aﬂéﬁ%ﬁ&é@r&?%s?ﬁ%’as\ﬁ@eh\%nt Eh'i%e threshol d

Uh, a rreasurerrent ul se,
changes to state 1%%1?‘%? rﬁcﬁéﬂ%dlsi%ftQ s tene Ry thel ofaims plftcmp Fl i

are thus In4th6b1$iﬁé@tei:lseal i f o e éa'l%. %ﬁéayaffﬁga%aﬁ§ Quit, Pty Q

h to stat "._The_out put | - Fl dt
nput of  ancORPEAPES  REF AT St L LM S (iRt PO PRAEE-PRRLBELRER pul ot

1. Fromthe insté@ntTinpiexe tdms oty tt®ramppl aes &f gl dlaidiis) changes

to state "1c¢. rfar i_n f t | ogi ¢ peratlon "OR', between
t he out put é}ﬁ E?s ﬁ gEgr?tou?%ﬁt %le%cftg erg‘?rf?’ba’FPBp ¥o.

Thi s secondCPpnﬁcftleG}p FPO a V\hﬁchllfs@m spravidiyge 4| isyrinapricegmwes at
its data mggl%%i pe output signal Qof flip-flop Fli. However, the output

si gnal e shift register Reg is applied to the clock input of
flip-flop Flo. The transfer of the data Q to the output of



the fl.ip-flop Fli will thus be delayed until the follow ng transition of
siignal R2. The two outputs Q of the flip- flops Fli and Flo are al so
applied to two inputs of an AND gate, referenced Et, perform ng the |ogical
operation "AND'. The output of the AND gate then provides the braking pul se
signal IF. By reconsidering the precedi ng exanple of an enbodi nent,
the transition of signal R2 occurs 0.244 after instant "h". Thus the
braki ng pul se | F appears 0.244 after t hle gﬁ arance of the inhibjtion pulse
1. Al so, the output NQ of flip-flop Fli is connected to the
initialisation termnal R of counter Cptr. At the instant "h", the output
NQ changes to state "0", the counter is activated and starts counting the
pul ses F1 issued by register Reg. According to a counting exanmple, after
five periods of pulses R3, the output Q of counter Cptr changes to state
"1". This transition on the clock input causes the flip-flop Fli to
reproduce at its Q output the state "1" of the data. The out put NQ thus
passes to state "1" by initialising the counter Cptr and its output Q The

outputs Q of counter Cptr and of flgp- fligp Fli thus stay in the state
"1", this situation |asting as |OAE% thp transition of the state "0" to
"1" does n‘dgdppear on the setting tesmnal of flip-flop Fli.
18 In the precedi ng exanpl e of7an odi nent, the counting of counter
Cptr is synchrjoni sed with th?l ig R3 0.2838 ns after the instant /h". The
counting lastg 4.88 [ '
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nms as.indicated herebefore. Thus, 5.368 ns after instant "h", output Q of
counter Cptr changes to state "1". Right after this, the outputs Q and NQ
of flip-flop FIi return to state "0" and "1" respectively. The counting is
reinitialised and stays this way until a next measurenent pulse IM The
braki ng pul ses signal IF thus returns to the state "0" at the instant "h" +
5. 368 nms. However, the output Q of flip-flop Flois still in state "1",
until the next transition of output R22)f/rggi ster Reg. According to
this enbodi ment, this transition occurs 0°732 nms after the
re-initialisation of counter Cptr, i.e. at the instant "h" + 6.1 ns. The
inhibition pulse Il thus disappears 0.732 ns after the di sappearance of
braki ng pul se IF. The signals of tine-delay circuit Tnr stay in this
state as long as ﬁ—ﬁem#ﬁeaSﬁ{eﬁEﬁ+-ﬁu+se—4A4 S not appear. Finally,
it can be seen that the tine-dg provigdes inhibition pylses
1 and braking pyl ses | F Whseh el a ed the dmpsation of an >

i nhibition pulsef{ll being ljonger than gnd hus, " di ssi ating" over thea
duration of the Q[rgh« se B tqgeavdid gny ferror during the swtchifng.

The circuit of filgure allso ] | ust#atles 4n epbodi mgnt  of { nhi bi gi on
circuit Inh. Accqrding t the i nh b|t| ncirc nh isla
D-type flip- flop sen i the dtate o v#l n inpqﬁ?i. The

i nhi bition pulsejsignal 14 ist dppligd to this npu t he dafja i nput
receiving the megsurg¢mentcpulfsgs | Mland d a oyt qut provijing t he

normal pul ses I N. DuQ ng
such a circuit Inh dyplicate
only if the vali$

when t he i nhibitijqa
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19 signal Il is in the state "1" (between the instant "h" and the instant
"h" + 6.1 ns, according to this enbodinent), the state of the out put
remai ns unchanged i ndependent of the transitions of the nmeasurenent pul ses
signal I M Finally, it may be seen that the inhibition neans allow to
elimnate the parasite pul ses which cause a non- corrected |agging of the
ti mepi ece. It may further be seen that the inhibition nmeans conbi ned
wi th the neasuring neans conprising an 31y2tﬁresi s anplifier provide the
timepiece with a good i nmunity agai nst geheral electric parasites. The
capacitors of rectifier 5 may advantageously have relatively | ow capacities
because it is not necessary here to provide extrenely stable threshold

vol tages to the measuring neans. The skilled person will readily
understand that several nodifications nay be applied to the tinepiece
descri bed here above w thout departing fromthe scope of the present

i nventi on. In particular, it should be nentioned that the duration of
t he braking pulses IF may be nodul ated according to the inportance of the

| ead of the nmeasurenment pulses IMwith respect to the reference pul ses FR
This alternative is particularly suitable for a slaving circuit conprising

a phase | ocked loop, the circuit thu ovigli ng a signal AV the |evel of
whi ch may varly proportionally to the se\dhift of the pulses INwth
respect to the braking pulses IF, and | evel of the signal AV thus
nodul ating the duration of the braki | F provided
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by tinpe-delay circuit Tnr. 20
1. Timepi ece conprising - an electrical energy generator (3)

conprising a rotor (3a) and means (3b) for supplying said electrical energy

in response to rotation of said rotor (3a) - a source of nechanica
energy (2) mechanically coupled to said f) (3a) to cause said rotation
of .said rotor, neasuring neans (Trig) co dato said generator (3) for
produci ng nmeasur enent pul ses of the angular frequency of an alternating
vol t age supplied by the generator2£3) whi ch corresponds to the angul ar
frequency of the rotor (3a), brakln means (K) responsive to a

br aki ng conmand signal for applyi torque to said rotor (3a),
and - an electronic CIrCUIt (1) conprisyng reference neans (Gsc) for
produci ng a signal having a r{ cy (FR), and sl aving control
means (Div, Cnp, Tnr) arrange d braking neans (K) when said
measur enent pul ses are ahead W the reference signal such that
the reference frequency regul frequency of said rotor and
of said nechani cal source, sai ng characterised in that said
electronic circuit (1) furthersg biti on neans
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(I'nh) .synchronous with said nmeasurenment pulses (IM and arranged such as to

avoid a splitting of said neasurenent pul ses. 2. Tinmepiece according
to claim1, characterised in that said inhibition neans (Inh) are
correlated to said braking neans (K). 3. Tinepiece according to

claim 1 or 2, characterised in that a braking command signal (IF)
.provided by a slave control loop is als ed to control said inhibition
means (Inh), the loop controlling a tid§§§éﬁg§|ng of said command. 4,
Ti mepi ece according to any one of the clains 1 to 3, characterised in that
said inhibition means (Inh) 21 I nhi bit
the transm ssion of nedsHEr STABILISENGS 68 AMUELIGRONTIG tERCteIayor t he i nhi bition
being triggered by the rappERITNGCS MpCHANICAL | MAVEREY @B CL 19MEPrEmRASUr ement

pul se. 5. Tinmepi ece according to any one of the clains 1 to 4,
characterised in that said neasuring neans (Trig) conprises a hysteresis
filter such as a Schm dt-anplifier. 6. Ti nmepiece according to any one

of the claims 1 toHe aiaiéesiecesedonpsDaest hanel ediad col cgeneetergys

connect ed tOga g%§6J£E¥3fné%%é¥lékngsg rIC(Q En%y%géﬁs (3b) for
supplying said electrical energy in response to rotation
of said rotor (3a), a source of mechanical energy (2),
measuring means (Trig) coupled to said generator (3) for
producing measurement pulses of the angular frequency of
an alternating voltage supplied by the generator (3),
braking means (K) responsive to a braking command signal
for applying a braking torque to said rotor (3a), an
electronic circuit (1) comprising reference means (Osc)
for producing a reference signal (FR), and slaving control
means (Div, Cmp, Tmr) arranged to control said braking
means (K) when said”measurement pulses are ahead with
respect to the reference signal.

This timepiece is characterised in that it further
comprises inhibition means (Inh) synchronous with said
measurement pulses (IM) and arranged such as to avoid a
splitting of said measurement pulses.

Figure 5



