
;STe3eROLb62T58Case 2302 PV TIMEPIECE WITH POWER-RESERVE INDICATION FIELD
OF THE INVENTION The present invention concerns, generally, a timepiece
with a micro-generator with a power-reserve indicator. The invention
concerns more particularly means for providing this power-reserve
indication. It also concerns the implementation method 5 for indicating the
power-reserve. BACKGROUND OF THE INVENTION There is known from the prior
art) particularly from EP Patent No. 0 762 243 in the name of the present
Applicant, a timepiece, shown in Figure 1, including a 10 mechanical power
source, formed by a barrel 1 which houses a manually or automatically wound
spring 1 a, the winding device not being shown here. Barrel 1 is
mechanically coupled to magnetised rotor 2a of an electric generator 2 via
gear trains 3. Generator 2 includes at least a coil 2b which generates an
alternating voltage Ug, when magnetised rotor 2a is driven in rotation,
generating a 15 magnetic field symbolised by means of an arrow and to which
said at least one coil 2b is coupled. The terminals of coil 2b (or coils)
are connected to a rectifier 4 supplying at its output a rectified voltage
Ua, for powering regulator circuit 6, which will be discussed hereinafter.
20 Analogue display members for a time indication 5, typically a set of
hands or any other conventional mechanical time display means, are
mechanically coupled to the barrel via the gear trains 3 of the movement
and they are connected in rotation to rotor 2a. The rotational speed of
hands 5 is kept at a constant mean value owing to regulator circuit 6,
which is for enslaving the generator frequency to a reference   -2
switching member 7, for example a transistor, for braking generator 2 in
order to regulate its frequency to a reference frequency advantageously
corresponding to a correct time indication by the time indication display
members 5. The timepiece according to this document also includes a
power-reserve 5 indicator 9. This device includes a counter 9a counting the
successive braking signals 8 during a determined period of time by means of
an additional frequency divider 9b. A memory 9c is connected at output to
counter 9b so as to store the date counted during the determined time
period, to the output of which a decoder 9d is connected, converting the
stored data into a power-reserve display means control signal 9e 10
including successive dashes which are illuminated or appear up to a point
corresponding to the value of the measured or calculated variable,
accomplished either by a coloured strip, or a liquid crystal cell. 



The solution recommended in EP Patent No. 0 762 243 has, however, the
drawback of directly using the generator power to provide the power-reserve
15 indication, which has the effect of increasing the total power drawn
from the generator, i.e. the power necessary to provide the type indicator
and the power necessary to provide the power-reserve indication. Thus, in
most cases, the total power necessary represents an instantaneous power
greater than the maximum capacity that the generator can provide, which may
prove harmful, on the one hand, to 20 the accuracy of the time indication
and, on the other hand, to the actual supply of the power-reserve
indication. And, at best, for those cases where the indications provided
remain correct, the autonomy of the timepiece is greatly reduced. There is
also known from the prior art, particular from EP Patent No. 0 875 807
filed in the name of the present Applicant, a timepiece whose generator
autonomy is 25 Higher. Such a timepiece, shown in Figure 2, includes, in
addition to known elements, which have the same reference numerals and were
already described with reference to Figure 1, a storage device 10 for
storing and returning the electrical energy formed   -3 energy provided by
generator 2. This excess of electrical energy is of course supplied by the
barrel spring 1 a and originates from the conversion by generator 2 of at
least a part of the spring's mechanical energy. If the motor torque
provided by barrel spring 1a becomes less than the 5 operating threshold
torque of the timepiece, the electrical energy produced by generator 2
becomes insufficient to power the various circuits of regulator circuit 6
correctly. But, accumulator 10a is then at least partially charged, such
that storage device 10 keeps voltage Ua at a value such that the components
of regulator circuit 6 operate properly. The electrical energy necessary
for such operation is then supplied, 10 at least partially, by accumulator
10a. Thus, the autonomy of this timepiece, which includes a storage device
10 capable of storing, in the form of electrical energy, a part of the
mechanical energy contained in its barrel spring, is increased owing to
means which enables this electrical energy to be used for operating the
timepiece after the barrel spring is no 15 longer sufficiently wound.
Nonetheless, a timepiece as described in EP Patent No. 0 875 807 only
enables the instantaneous excess power to be stored compared to that
necessary to make the timepiece operate properly. Thus, the use of this
excess of instantaneous power to provide an additional indication, like for
example the power reserve, would 20 have the same drawbacks as those
described in conjunction with EP Patent No. 0 762 243, namely directly
using the power drawn from the generator, with the effect of greatly
reducing the timepiece's autonomy, which is contrary to the desired
objective. SUMMARY OF THE INVENTION 25 In order to overcome the drawbacks
of the prior art, the idea according to the invention is to provide a
reliable power-reserve indication at the user's request, without disturbing
the normal operation of the timepiece, i.e. while providing a correct time
-4 actuating means for actuating, upon request; the power-reserve
indicating means of the timepiece, owing to the previously stored
electrical energy. In this way, the autonomy of the timepiece is not
reduced, and, moreover, the necessary accumulation means are simple,
reliable and of reduced size, like for example a 5 capacitor with a value
of the order of 10 microfarads. 



The present invention therefore concerns a timepiece with a generator whose
features are listed in claim 1. Advantageous embodiments of the present
invention form the subject of the dependent claims. 10 The present
invention also concerns the method of indicating the power reserve for such
a timepiece. BRIEF DESCRIPTION OF THE DRAWINGS Other features and
advantages of the present invention will appear more 15 clearly upon
reading the following detailed description of embodiments of the invention
given solely by way of non-limiting example and illustrated by the annexed
drawings, in which: - Figure 1, already described, shows a timepiece having
a generator with a power-reserve indicator according to the prior art; 20 -
Figure 2, already described, shows a timepiece having a generator with
prolonged autonomy according to another prior art; - Figure 3 shows a
timepiece having a power-reserve indicator according to a preferred
embodiment of the invention; - Figures 4a-4c show alternative embodiments
of the power-reserve indicator 25 means; and - Figure 5 shows an example of
an implementation method for the power reserve indication.   



-5 indicator. The idea is to be able to accumulate, in a reasonable lapse
of time, for example a few minutes, sufficient energy to momentarily
display the power-reserve. A quantity of energy of between 40 and 80
microJoules has proved ample. This energy must also be able to be released
in a short time lag, i.e. there must be available an 5 instantaneous power
that is considerably higher (up to a thousand times greater) than the mean
dissipated braking power, depending upon the type of power-reserve
indicator used. Reference will now be made to Figure 3, which shows a
simplified diagram of a timepiece according to a preferred embodiment of
the invention. A certain number of 10 elements can be seen that are
identical to those presented within the scope of the prior art in Figures 1
and 2, such elements will not be detailed again here and their reference
numerals remain unchanged. Thus, there is again shown a timepiece fitted
with a mechanical energy source formed by a barrel 1 which houses a barrel
spring 1 a. The barrel is mechanically 15 coupled, on the one hand) to
generator 2 whose alternating voltage Ug generated at its output, is
rectified via an active rectifier 4, and, on the other hand, to time
indication display means 5, conventionally hands, via gear trains 3 of the
watch movement. The rotational speed of the hands is kept at a constant
mean value owing to the monitoring circuit 6, or regulator circuit, for
enslaving the frequency of generator 2 to a reference 20 frequency, such
that the speed of the hands corresponds to the speed required to obtain a
correct time indication. The timepiece further includes electrical energy
accumulation means 11 arranged to be able to accumulate the electrical
energy dissipated during braking periods of generator 2, - i.e. during
short-circuits applied to the generator via switching 25 means 7. Switching
means 7 are actuated by regulator circuit 6 when the generator frequency is
higher than the reference frequency, i.e. when the rotational speed of
rotor 2a is higher than the hand speed corresponding to a correct time
indication.   -6 connected transistor, which leads the current in a single
direction and a storage capacitor. It will of course be noted that other
charge pumps could be used. Accumulation element 11 b can be a simple
storage capacitor whose charge increases a little more upon each braking.
Given the yield of such a charge pump 11 a, 5 accumulation element 11 b,
preferably a storage capacitor having a capacity of the order of 10
microfarads at 3 or 4 volts, allows an energy of the order of 40 to 80
microJoules to be accumulated after several minutes braking. It will be
noted in this regard that once accumulation element 11 b is charged,
accumulation means 11 continues to ensure optimum impedance adaptation, and
10 consequently braking of the generator. According to an alternative
embodiment, the timepiece includes an indicator, not shown here, arranged
on the dial to indicate when accumulation element 11 b is sufficiently
charged to power a power-reserve indication device 12. This powerreserve
indication device 12 includes power-reserve display means 12a and a control
15 system 12b for said display means. Control system 12b has been shown
independently here of regulator circuit 6, it will be noted however that it
could just as well be integrated in regulator circuit 6. The power-reserve
display control system is actuated (signal P) by actuating means 13 of the
timepiece accessible from the exterior, like for example a push 20 button
called a "request button". The role of this control system is to provide
accurate indication of the power-reserve (signal R) on the basis of a
measurement (signal C) of the power-reserve transmitted by regulator
circuit 6. The energy necessary for displaying the power-reserve is
provided by the accumulation means (signal A). 



Various methods can be implemented for measuring the power-reserve. A first
25 method consists in providing control system 12b with means for counting
the successive brakings over successive time periods of a determined
duration and for elaborating a power-reserve display signal from the number
of brakings occurring   -7 Several power-reserve display means can be used,
depending upon the method chosen. Various examples of power-reserve
indication devices are shown in Figures 4a-4c. In these Figures, control
system 12b has been integrated in regulator circuit 6. A regulator circuit
14 can thus be seen receiving the various signals A, C and 5 P respectively
supplying the electrical energy necessary for the power-reserve display,
the power-reserve indication and the request for such a power-reserve
indication. Figure 4a shows a first example using digital power-reserve
display means. Said display means are formed by an LCD (Liquid Crystal
Display) type display 15a arranged on the dial of the timepiece. The
power-reserve indication is preferably 10 displayed as a percentage with
respect to the maximum power-reserve, corresponding to the completely wound
spring) or in remaining power-reserve hours. These display means ca be used
with one of the first two methods explained hereinbefore. Preferably, the
LCD display is left active for a determined period of time, sufficient to
allow the user time to read the power-reserve indication after he has 15
actuated the request push-button. Figure 4b shows a second example using
optical power-reserve display means. Said display means are formed by a
light-emitting diode 15b with high visible yield through an aperture made
in the dial of the timepiece. In this case, regulator circuit 14 preferably
delivers current pulses Ir) each of these pulses representing a 20
percentage of the total power-reserve, for example 20%. Thus, 5 pulses
represent 100% of the power-reserve, namely maximum power-reserve. These
display means can be used with one of the first two methods explained
hereinbefore. Figure 4c shows a third example using electromechanical
power-reserve display means. Said display means are formed by an analogue
display member, for 25 example a hand 15c, moving opposite graduations
representative of the powerreserve, arranged in a window in the dial of the
timepiece. This analogue display member 15c is driven by a stepping motor
16, for example of the two-directional Lavet   _g_ quantity, corresponding
for example to one step of the motor. Advantageously, the position of the
power-reserve indicator is able to be adjusted manually (signal P) via a
push-button, in order to correct any shift between the position of the
motor and that of the indicator. In fact, such a shift may appear if there
a shock occurs precisely while 5 the motor is adapting the position of the
analogue display member. A second variant of this third example consists in
providing a zero reset for analogue display member 15c when the request
push-button is actuated. Thus, signal P received by regulator circuit 14
first of all commands the display member to be reset to zero, then,
secondly, the power-reserve indication The display member then 10 remains
fixed in the power-reserve indication position until the next request by
the 



user. A third variant of this third example consists simply in adjusting
the position of the display member upon each request made by the user
without any prior zero reset. The present invention also concerns the
method of indicating the power 15 reserve for such a timepiece. The method
includes a preliminary step of winding the barrel spring sufficiently such
that the timepiece can operate properly. With the exception of the first
variant of the third example presented in Figure 4c, the method then
includes the following steps of: 1. accumulating electrical energy by
charging the accumulation means with the 20 power dissipated during
successive generator brakings; 2. requesting a power-reserve indication by
actuating the actuating means provided for this purpose; 3. measuring the
power-reserve indication in accordance with any of the aforementioned
methods; 25 4. displaying the measured indication with the corresponding
power-reserve display means. An intermediate step 1 b (between steps 1 and
2) can be provided. This step 1 b   _g_ power-reserve measurement methods
explained hereinbefore not to the various aforementioned examples of
power-reserve display means. It will also be noted that other accumulation
means can be used for storing the electrical energy dissipated during the
generator braking periods. As regards the 5 actuating means, it is possible
to use by way of alternative, a shock detector on the timepiece glass, or
even a stem-crown. It will further be noted that it is possible to increase
the autonomy of the timepiece according to the invention by providing an
additional storage device like that disclosed in EP Patent No. 0 875 807,
this additional device being charged by means of the excess electrical
energy with respect to the energy necessary for proper operation, when the
generator is not being braked.   -10 



CLAIMS 1. Timepiece including a mechanical power source (1 ) coupled, on
the one hand, to first time related information display means (5) and, on
the other hand, to a generator (2), a regulator circuit (6; 14) for
enslaving the generator frequency to a reference frequency, said regulator
circuit including switching means (7) arranged for 5 electrically braking
the generator when the generator frequency is higher than the reference
frequency, and second power-reserve display means (12a; 15a, 15b)
controlled by means for measuring the power-reserve (12b; 14), said
timepiece being characterised in that it further includes means (11 ) for
accumulating the electrical energy dissipated during generator braking
periods and means (13) for actuating said 10 second display means to
display the power-reserve by means of the electrical energy accumulated by
said accumulation means (11 ). 2. Timepiece according to claim 1,
characterised in that said electrical energy accumulation means (11 ) are
formed by a voltage step-up circuit (11 a) electrically connected to the
generator (2) during braking periods and controlled by the 15 regulator
circuit (6) so as to accumulate the energy dissipated during said periods
in a storage capacitor (11 b). 3. Timepiece according to claim 1 or 2,
characterised in that the actuating means (13) are a control member
accessible from outside the timepiece. 4. Timepiece according to any of
claims 1 to 3, characterised in that the 20 power-reserve measuring means
(12b; 14) include means for fixing successive time periods of a
predetermined length, means for counting, during each of said fixed
periods, the number of times that the generator is braked by the switching
means and means controlled by the actuating means to provide, as a function
of the result of counting, power-reserve information to the second display
means (15a; 15b). 25 5. Timepiece according to any of claims 1 to 3,
characterised in that the   -11 8. Timepiece according to any of claims 1
to 3, wherein the generator (2) includes at lest one coil (2b) and
characterised in that the power-reserve measuring means (12b) include an
additional coil electrically coupled to said at least one coil of the
generator during braking periods by the switching means (7) and an
electrically 5 controlled motor (16) controlled by said actuating means
(13), for providing, as reserve information to the second display means
(15c). 9. Timepiece according to claim 8, characterised in that the second
display means are electromechanical means formed by an analogue member
(15c) driven by said electrically controlled motor (16). 



10 10. Timepiece including a mechanical energy source (1 ) coupled, on the
one hand, to first time information display means (5) and, on the other
hand, to a generator (2), a regulator circuit (6; 14) for enslaving the
generator frequency to a reference frequency, said regulator circuit
including switching means (7) arranged for electrically braking the
generator when the generator frequency is higher than the 15 reference
frequency, and second power-reserve display means (12a; 15c) controlled by
power-reserve measuring means (12b; 14, 16), said timepiece being
characterised in that it further includes means for accumulating (11 ) the
electrical energy dissipated during the generator braking periods, and in
that said power-reserve measuring means automatically adapt the position of
said second display means to display the 20 power-reserve by means of the
electrical energy accumulated by said accumulation means. 11. Timepiece
according to claim 10, wherein the generator (2) includes at least one coil
(2b) and characterised in that the power-reserve measuring means (14, 16)
include an additional coil electrically coupled to said at least one coil
of the 25 generator during braking periods by the switching means (7) and
an electrically controlled motor (16) controlled by said regulator circuit
(14), to provide, as a function of an electrical quantity transmitted
during electrical coupling, power-reserve
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