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| NVENTI ON The present invention concerns, generally, a tinepiece with a

m cro-generator wth a power-reserve indicator. The i nveq%ir%lr ﬁﬁagﬁr ns
nore particularly neans for providing this power-reserve i ¢ ot

al so concerns the inplenmentation nmethod 5 for indicating the power-reserve.
BACKGROUND OF THE | NVENTI ON There is known fromthe prior art, particularly
fromEP Patent No. 0 762 243 in the nane of the present Applicant, a

ti mepi ece, shown in Figure 1, including a 10 nechani cal power source,
formed by a barrel 1 which houses a manually or automatically wound spring
la, the winding device mmEBMECEOVSHPPOWERRESEHAE flDEATIOREChani cal 'y
coupl ed to magneti sed roftor Za of an eleciric generator 2Z via gear trains
3. Cenerator 2 includes at |east a coil 2b which generates an alternating
vol tage Ug, RMEED ORMTUHELINYENTIONOr 2a is driven in rotation, generating a
15 magnetic field-s ol i,sed neans of an arraw and to which said at
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or any ot hdpr ipgigatne the Rawentesea®i cal tine di splay neans, are mechanically
coupled to the barrel via the gear trains 3 of the novenent and they are
connected i L.on 1 r __The rotational speed of hands 5 is kept
at a constaﬁ%@ﬁm&(—&%ul ator circuit 6, which is for
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correct ti rréh% Hgi E%? ﬂ‘c%;rf% 8%?283!&%@},53@@@?«: ca'?‘%w'h'"ﬁ%feﬂot"‘zwg'“&&cri bed in
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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

25 frequency, such that the speed of the hands corresponds to the speed required to
obtain a correct time indication.

This regulator circuit 6 will not be described in detail here, since those skilled in
the art can design such an enslaving device by referring to the description of the
Swiss Patent Application No. 686 332 in the name of the present Applicant. However,

30 in order to facilitate comprehension, the essential elements of this circuit and the
operation thereof will be recalled here.

This regulator circuit 6 includes an oscillator 6a stabilised by a clock type
quartz and a frequency divider 6b bringing the frequency of oscillator 6a to a
frequency that can be used by a logic circuit 6¢, which controls, via a control signal, a




-2 switching nenber 7, for exanple a transistor, for braking generator 2 in
order to regulate its frequency to a reference frequency advantageously

corresponding to a correct tine indication by the tinme i ' i spl ay
nenbers 5. The timepiece according to this_docunment also Hgﬁﬁéé%gﬁ

power-reserve 5 indicator 9. This device TIncludes a counter 9a counting the
successive braking signals 8 during a determ ned period of tinme by neans
of an additional frequency divider 9b. A nmenory 9c is connected at output
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at least almost Cr?n”Pe! Eta?soy Knownsf%%{r% prior aret 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
by a part of the electrical energy of generator 2. This storage device 10 connected to
the terminals of rectifier 4 includes a conventional accumulator 10a.

30 When the barrel spring 1a is completely let down and rotor 2a of generator 2 is
not rotating, voltage Ug is obviously zero. If, moreover, accumulator 10a of storage
device 10 is discharged, voltage Ua is also zero, or in any case insufficient for the
timepiece to operate, If barrel spring 1a is then wound, a moment is reached at which
rotor 2a starts to rotate, and where voltages Ug and Ua start to increase.

35 Accumulator 10a is completely, or at least almost completely, discharged when
the timepiece is stopped. When rotor 2a starts to rotate and voltage Ua reaches a
sufficient value, accumulator 10a starts to charge by absorbing part of the electrical



the tinepiece is stopped. Wien rotor 2a starts to rotate and vol tage Ua
reaches a sufficient value, accunulator 1 Oa starts to charge by absorbing
part of the electrical 15 March 2007 -3 energy provided qghﬁﬁ@ﬁ&ﬁbpr 2.
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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
indication.

Within the scope of the present invention, it has been demonstrated that the
30 electromagnetic braking device of the generator, with a full power-reserve, i.e. with the
barrel spring completely wound, enables a relatively large mean power to be released.
The idea is thus to modify the braking device so as to recuperate and store electrically
the energy dissipated during braking periods, in a reasonable time period in order to
be able to momentarily display an additional item of information, like for example, the
35 power-reserve.
For this purpose, there are provided electrical energy accumulation means for
storing the energy dissipated during the generator braking periods as well as




be able to nomentarily display an additional itemof information, |ike for
exanpl e, the 35 power-reserve. For this purpose, there are provided

el ectrical energy accumul ati on means for storing the eneggé¥ﬂkﬁ2baﬁted
during the generator braking periods as well as 15 March -Z7actuati ng
means for actuating, upon request, the power-reserve indicating neans of
the tinmepiece, owng to the previously stored electrical energy. In this
way, the autonony of the tinepiece is not reduced, and, noreover, the
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enbodi nment g‘#‘%}'ﬁ%?qr%gﬁ%it@ﬁe?%-cgﬁ gures 4a-4c show alternative enbodi nents

of the power-reserve indicator 25 neans; and - Figure 5 shows an exanple

of an i npl ermRERIDESCRBITION OPTHESRARNGES reserve indication. DESCRI PTI ON
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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.

DESCRIPTION OF PREFERRED EMBODIMENTS
30 The invention proceeds, as already mentioned, from the general idea that
consists in accumulating the electrical energy dissipated during the generator braking
periods, in order to have sufficient energy to indicate, upon request, the power-reserve
of a timepiece.
In fact, it has been demonstrated within the scope of the present invention that
35 the energy dissipated during the generator braking periods represents a mean
instantaneous power of approximately a microwatt (namely a microampere of mean
current under one volt) that is insufficient for continuously powering a power-reserve



of a timepiece. In fact, it has been denonstrated within the scope of the
present invention that 35 the energy dissipated duri ng the gener at or
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insufficient for continuously powering a power-reserve 15 March 2007 -5
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ensuring optOP CRb e dHsgndication.
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.
Thus, switching means 7 can occupy two positions, a first position 7a, in which
generator 2 is connected to accumulation means 11 ensuring optimum impedance
30 adaptation with the generator so as to draw maximum power instantaneously from the
latter, which has the effect of braking it and a second position 7b, in which generator 2
is connected to regulator circuit 6 for monitoring the generator frequency with respect
to a reference frequency corresponding to a correct time indication.
Accumulation means 11 are preferably formed by a voltage step-up 11a and
35 an accumulation element 11b. The voltage step-up 11a can be, for example, a
Dickson type charge pump, formed of a plurality of stages arranged in cascade. Each
stage of the pump includes an active device, for example a diode or a diode-
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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
during these successive time periods.
A second method consists in providing control system 12b with means for
30 counting the number of times that the generator is braked, means for measuring the
length of time between each braking and for elaborating a power-reserve display
signal as a function of the result of the length of time measurement.
A third method consists in providing control system 12b with means for
transmitting via electrical coupling between generator 2 and electromechanical
35 actuating means, a measurement of the mean current dissipated during braking
periods supplying an indication of the power-reserve to the display means.



el aborating a power-reserve display signal fromthe nunber of brakings
occurring during these successive tinme periods. A second nethod consi sts
in providing control system12b with neans for 30 counti ﬂper of
times that the generator is braked, neans, for nmeasuring t Tﬁhgp of time
bet ween each braking and for elaboratlng a power-reserve display signal as
a function of the result of the length of tine neasurenent. A third nethod
consists in providing control system 12b with nmeans for transmtting via
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el ect rorrech ni ca ower - r s rve 1 ay neans dy ans are
formed by aﬁog%aqfémgowrggsgye TRATRRLY ma«xmum power-reserve These isplay 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 15¢, moving opposite graduations representative of the power-
reserve, arranged in a window in the dial of the timepiece. This analogue display
member 15¢ is driven by a stepping motor 16, for example of the two-directional Lavet
type, the latter being controlled by electric coupling with the generator during braking
periods, in accordance with the third method explained hereinbefore.
30 A first variant of this third example consists in providing a power-reserve
indication by means of a bi-directional Lavet motor (16) which automatically adapis the
position of the analogue display member (15c) when this proves necessary (signal C)
by means of a pulse (signal R), i.e. one step in cne direction or the other depending
upon whether the power-reserve is decreasing or increasing, using the energy
35 accumulated (signal A) by the accumulation means. It is important to note that
according to this first variant, no intervention by the user is necessary to obtain a
power-reserve indication each time that the power-reserve varies by a predetermined



25 exanple a hand 15c, novi ng opposite graduations representative of the
power reserve, arranged in a window in the dial of the tinepiece. This

anal ogue di splay nenber 15c is driven by a stepping not OrISMSJr%ﬂ gbo-pxanpl e
of the two-directional Lavet type, the Iatter being controlled Dy electric

coupling with the generator during braking periods, in accordance with the
third nmethod expl ai ned hereinbefore. 30 Afirst variant of this third
exanpl e consists in providing a power-reserve indication by neans of a
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di ssi pated during successive generator

or brakings; 2. reqyesting a
power - r eserve £ndPRYRSIBN aRPWEETSSRIVE d'Pﬂ@”%tﬂ?&fqt'Hg tfpﬁagﬂgatmg eans
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 1b (between steps 1 and 2) can be provided. This step 1b
consists in indicating when the level of accumulated energy is sufficient to provide a
power-reserve indication.

30 The method for indicating the power-reserve for implementing the first variant
of the third example presented in Figure 4c, step 2 concerning the request made via
the actuating means is replaced by a step of:

2. automatically requesting a power-reserve indication.
It is clear that various modifications and/or improvements evident to those

35 skilled in the art can be made to the various embodiments of the invention described
in the present description without departing from the scope of the invention defined by
the annexed claims. In particular, the present invention is not limited solely to the




provided for this purpose; 3. neasuring the power-reserve indication in
accordance with any of the aforenentioned nethods; 25 4. displaying the
nmeasured indication with the correspondi ng power-reserve 1§mﬁﬂkﬁﬁoayans. An
intermediate step 1 b (between steps 1 angl 2) can be provided. 'S step 1
b consists in indicating when the |evel of accunulated energy is
sufficient to provide a power-reserve indication. 30 The nethod for

i ndi cating the power-reserve for inplenenting the first variant of the
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this additional device being charged by neans of the excess electrical
energy with respect to the energy necessary for proper operation, when the
generator is not being braked. 15 March 2007 10 CLAIMS 1. Tinepiece

i ncl udi ng a nechani cal power source (1) coupled, on the one hand, to first
time related information di splay neans (5) and, on the other hand, to a
generator (2), a reqgulator circuit (6; 14) for enslaving the generator
frequency to a reference frequency, said regulator circuit including

swi tching neans (7) arranged for



5 electrically braking the generator when the generator frequency is higher
than the reference frequency, and second power-reserve display neans (12a;

15a, 15b) controlled by nmeans for neasuring the power-regerye . 14),
said tinepiece being characterised in that it further |ﬂi§&%§§£#é§%s (11)
for accurmul ating the electrical energy dissipated during generator braking
peri ods and neans (13) for actuating said 10 second display neans to

di splay the power-reserve by neans of the electrical energy accunul ated by
sai d accunul gt ppasneans (11). 2. Tinmepi ece according to claiml,
characterised rn that said electrical energy accumul ation neans (11) are
formed by a voltage step-up circuit (1la) electrically connected to the
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bet ween each braki ng neans con the actuating neans, for
provi ding, as a fZctliBapiese acterding e glaips 1, charagterisediinghat saidkelpeticalr enent

pover - 30 r emefdyeadcmRIaiBA hRans o1 1 Bfe RR%EAE Q'v%ﬁégystﬁﬁ-@lg%lréépﬁﬂa)15b) 6.
Ti mepi ece accor, rised in second
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| i ght pul se according to claim4 or 5, characterised in that
t he second Sséqu%?s& Rb'ﬁ@i s are digital nmeans formed by a liquid crystal

di splay (15a). 15 3Naﬁ®hem6®7accondlng3t0 claimehdre; eharacteridedhip that theypctbting ai s 1
to 3, wher elnﬁeédaen@%}@%%ﬂfrou(raémbé%caéme fbr &ﬁém@ﬂ% tﬁnéd b) and

characterised in that power -reserve neasurl ng 9 b) include an
additional coil el ecﬂﬂW%@?W%Wﬂ%@W%ﬁhﬂ“ﬁﬂ tg %-d‘é'lafﬂﬂﬂﬁ"séélm thgt 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
power-reserve measuring means (12b; 14) include means for counting the number of
times that the generator is braked by the switching means, means for measuring the
period of time between each braking and means controlled by the actuating means,
for providing, as a function of the result of the period of time measurement, power-

30 reserve information to the second display means (15a; 15b).

6. Timepiece according to claim 4 or 5, characterised in that the second
display means are optical means formed by a light emitting diode with a high yield
(15b) supplying a visual power reserve indication by means of light pulses.

7. Timepiece according to claim 4 or 5, characterised in that the second

35 display means are digital means formed by a liquid crystal display (15a).



t he generator during braking periods by the switching neans (7) and an
electrically 5 controlled notor (16) controlled by said actuating neans
(13), for providing, as - reserve information to the secngnﬁ%?RIﬁé7neans
(15c). 9. Tinepiece according to claim8,characterised in"t @ second
di splay neans are el ectronechani cal neans formed by an anal ogue nenber
(15c) driven by said electrically controlled notor (16). 10 10. Ti nepiece
i ncluding a mechani cal energy source (1) coupled, on the one hand, to
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means.

11. Timepiece according to claim 10, wherein the generétor (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
information to the second display means (15c).

12. Timepiece according to claim 11, characterised in that the second

30 display means are electromechanical means formed by an analogue member (15c)
driven by said electrically controlled motor (16).

13. Timepiece according to any of claims 10 to 12, characterised in that it
further includes adjustment means for manually adjusting the position of said
analogue display means.

35 14. Timepiece according to any of the preceding claims, characterised in that
indicator means are provided for indicating when the energy stored by the
accumulation means is sufficient to display the power-reserve.




