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ELECTRONI C TI MEPI ECE SUPPLI ED BY A GENERATOR DRI VE
MECHANI;CAL PONER SOURCE The present invention concerns a

ti mepi ece i ncl udi ng - an el ectronechani cal converter including
a rotor having at | east one permanent magnet and at | east one coil 5
magnet kgal | y coupled to said magnet for generating a first el ectrical
energy in response to a rotation of said rotor; - a nechani ca
power source mechanically coupled to said rotor for applying thereto a
first driving torque causing saidirotation of said rotor in a

S

rotatlonal oeed than a
R L) BgEMERAIOR oS t i On

\ MEOHANTCR BR . S - means for
di splaying tine |nfornat|on 15 nechanlcally coupled to said rotor and to
sai d nmechani cal power source; and - ensl aving neans i ncl udi ng
means for generati rMfhe pnaantisbnvemyﬁdnhaabngaxnsuLm r efimeseidtag a
difference st heal d real angular position of said rotor and a 20
desired angul ar position which fluctuates regularly at said desired
speed, and braki ng Treaf® redessramsghasisal dconveshpsr inshudingar rotapply a

br aki ng torquehaﬁmnglimllhast lop¢e petRbReéh© NRAGIEREC (D R LS Al stobak Ebﬁm sai d

desired $%£§¥F d dlfﬁpre ce_con stitutes. an advan e of s

r eal angular pos oY o i SFOE mf?h IRIY §F gangra l&@s?rgarﬁﬁgular
posi tion. electgritnl ienegorcée wespatisstitosedrotatpemtoL said imvtor;
European Patent Applical iaghbagcad 3&%@%@& el fAndC811y cloﬁ i@aseoknom

ti mepi eces, the ¢ nverter S use S| as 30 a enerator uppl yi ng

the el ectri cal S&her §F*R&c aﬁPp Y §tehe ﬁ§F§vﬂi}Yﬁ¥%uF?r9He
response to tkmaus:.rrecrm&nd:ah:opa\n&bnswbl isad dyrdobersdint ce detsethined

mechanical 1o @PYEEtion and at a higher rotational speed than a
determined desired speed, said rotor having a real angular

detern1ned 10 dlrectlon and at a h|oher

position which fluctuates permanently during said
rotation; '
- means for displaying time information
15 mechanically coupled to said rotor and to said mechanical
power source; and
- enslaving means including means for generating a
comparison signal having a value representing a difference
between said real angular position of said rotor and a
20 desired angular position which fluctuates regularly -at
said desired speed, and braking means responding to éaid
comparison signal to apply a braking torque imposing a
lower rotational épeed on said rotor than said desired
speed when said difference constitutes an advance of said
25 real angular position of said rotor with respect to said
desired angular position.
Such timepieces are disclosed, in particular in
European Patent Application Nos. 0 239 820 and 0 679 968.
In these known timepieces, the converter is used simply as
30 a generator for supplying the electrical energy necessary
to supply the enslaving circuit in response to the
mechanical power supplied by the source of such mechanical
power.



2 The features of the various conponents of these ti mepi eces
are selected in such a way that the real rotational speed of the
generator rotor normally tends to be hi gher than a desired speed which
is that at which the 5 tinepiece oper at gs properly, and the enslaving
circuisf is arranged to enslave said real rotational speed to said
desired speed. It can easily be seen that such enslaving of the
rotor's real rotational speed to the desired speed thereof 10 is equival ent
to ensl avi ng t he reieor feataziesangfll ahe vapibtisorvdmpanaiess red avigebar
osition, h rod or Id o] Y, at ed
Ber manent | y &ﬂn%‘_&_% g%esﬁrreedggtjeggggl ncrg F#%%tl rre%% cetlj\}été tstvmbet Jﬁégi
and whi ch t husotrtienahtsgedd (e generaffordaotpsdnpsmal lystendst anal

speed. be |H4 ﬂ@rtﬁﬁﬁp'ae%s@cre@'siae@&p%h‘i’@:hc Iis' %hatsak:ov%ﬁﬂchnthe
aforenentloned Euro ean Patent Aggﬁﬁfatlon gp .enslaving is
achi eved 1SRRG & iy opnd they Ieﬂﬁlﬁvbﬁgl G4TERiEi 48 whose
| engt h depenchsrmg@m her eddlale rgia réahdyanaedonnlr eipaedbdeov sAidespect
toits des %d posi tion. In the tinmepiece of this type
whi ch is disc ose af orement i oned European Patent Application No. 0
679 968, ensl a\mt‘ngcas gasiidvedPoyspeni sdiadal $ychr arEAgVIRG rafi okhes

during a fixechhsriPdef1 tr'o'%&t@@ﬁﬁl"éﬂ@eahﬁ‘orﬂ’i@rdésired %g;\é@aceﬂewebh
respect tp its desired an ular
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under st oot 1 R , SRR Bt bRVLR8 e ORI T PE LorRTEVEAT o t he
desired speecpos1tidm teala a@gﬁinedpaszmﬂlar gpositcion pt ehiich alsrosbaal ways
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The rotor may icth FHE AP bEIBCEb k! 18 SO bR pernallaBLL O
tines 360[errqt " dsainnd SPe%IﬂW@% tingeiareswask swatehedt Phepi ece.

I'n order to sa:imlwﬂiseﬁ %L@%Hnﬁhéﬁﬂljﬁhfl?&btfﬁ&&%t ¥he GetiedbeotBde Wi th
reference,to a c %ﬁgreln t he mechani cal power source of the tinepiece
1ona L SREF ng suc

Is a conv%énl{ﬂﬁﬁ h as is currently used in nechani cal
wri st wat ches. Thosin sthié¢ | Eidnépiade off tthis | typeewieicliebs disclosed in

aforementioned European Patent Application No. 0 239 820,
enslaving is achieved by periodically braking the rotor
during a period of time whose length depends on whether

20 the rotor is advanced or retarded with respect to its
desired angular position.

In the timepiece of this type which is dlsclosed in
aforementioned European Patent Application No. 0 679 968,
enslaving is achieved by periodically braking the rotor

25 during a fixed period of time each time the rotor is
advanced with respect to its desired angular position.

It will easily' be understood that, however the
rotor's rotational speed is enslaved to the desired speed,
the real angular position of such rotor is almost always

30 advanced or retarded with respect to its desired angular
position. The rotor may be advanced or retarded by more
than 360°, or even several times 360°, for example
following an angular shock to the timepiece.

In order to simplify the description which follows,

35 it will be made with reference to a case wherein the
" mechanical power source of the timepiece is a conventional
mainspring such as 1is currently used in mechanical
wristwatches. Those skilled in the art will however see



3 W thout any difficulty that the invention which will be

descridbed hereinafter can be used whatever the nature of t he nechani cal
power %Source. An exanple of the well known alternative of the 5
mechani cal torque C supplied by a mainspring as a function of its let
down angle Ais represented in Figure 1 by the curve B. I n order
for said mainspring to be able to be used in a tinepiece of the sane
type as those which were descrlbed 10 herei nbef ore, i s obviously

necessary that urin t of Jits, ettln t he Vi ng

torque C whiclf itﬁ° %ﬁ%ﬂqﬁgg tt?ﬁﬁl%ﬁ??ﬂ?%g? ﬁpﬁh lih i s

the torque atdnbcrhbbﬂehgeaénafherroanrbdrnﬁeﬂ hasavdr thspnam@reomﬁtes

just at its d%ﬁérﬁgcﬁgﬁfégft§%$'f:sbﬁrggt 15 braked by the circuit for
tatrona

enslaving its ro The value of this Iimt torque CL
obvi ously depends &n Lﬁ?@fﬁnﬂh fEcHam cuplihdmairer pdtpEsagivieheofatibsus

el ement s dEIVﬁécﬁ&nib&l”ﬁéf@ﬁéldﬂbu el byaa mBen&beihdids a function
characteristic% L Rg gener at or égﬁihe clrcuit égruﬂl d 20 th%EFQéi An
exanpl e of sufh &%Fi APF EQPHLRRELS TRFLIR N L

strai ght dottedrieng. C ThIS straight line C |ntersects curve B at a

poi nt P at which E Besdp rgaq_@ hg mgmganggavaﬁb%? V&) U Alsed

It is well known tha e nec ani ca e Inthe nalnsprlng
whose dri vi ng@t ‘éitaael%@e of (e seEf éérp@yaéuﬁbess whigh grere descrdded |

when the 10 snén:agnb&f@egpl e_tt]gzlns VéBtitbud By thecessdpgetHat| mauedny at such
nd. A ,of .Fi ure

curve B and b S be consj der.ed t hat
a portion E1 é? g ﬁe?@yleﬁ)%? énﬁééﬁwnduFPﬁgdfﬁY%n FASIE O ﬁ%ﬁ?ﬂ

mei nspring, tétnekpplieshdsgameadieor fharorarbimie acrqts @&si wbdchpded and,
af ter CONVeRS %fdﬁeo £ e&ﬁiéﬁ%h@“%‘é&% éﬁa fbtgﬁf‘o‘ra&ﬂ%n b9 sa:L%inp' y

the rotational speed enslaving circuit sal )
portion E1l ofsﬁEéﬁ&nF@&Ptéﬁeﬁ&FqEQQS%ﬁﬁmﬂe§¥Fed ?Pﬁ?@u??ﬁEeIGePFnFF%ﬂ by

axes A andsC, bbgkedirey ottie |direult fondndyaviidg iitd rotaeibaslngpéddci ssa
AL. " The value of this limit torque CL obviously depends
upon the mechanical characteristics of the wvarious
elements driven by the mainspring, as well as the electric
characteristics of the generator and the circuit supplied
20 thereby. An example of such a 1limit torque CL is
represented in Figure 1 by a straight dotted line C. This
straight line C intérsects curve B at a point P at which
the mainspring let down angle has a walue AL.
It is well known that the mechanical power‘ E
25 available in the mainspring whose driving torque is
represented by curve B of Figure 1 is equal, when the
spring is completely wound, to the surface delimited by
such curve B and by axes C and A of Figure 1.
It may be considered that a portion El of said energy
30 E is used, during letting down of the mainspring, to make
the generator rotor rotate at its desired speed and, after
conversion into electrical energy by said generator, to
supply the rotational speed enslaving circuit of said
rotor.
35 This portion El of mechanical energy E is equal to
the surface delimited by axes A and C, by straight line D
and by vertical line having abscissa AL.



4 Anot her portion of nechanical energy E, designated E2, is

used to accelerate the generator rotor and, after conversion into
electrfcal energy, to brake said rotor when necessary. This mechani cal
energy E2 is equal to the 5 surface deligited by axis C, straight line D
and curve B. It can be seen that the autonony of the known

ti mepi eces briefly described hereinbefore, i.e. the period of tine
during which they operate properly after their mai nspring has been

conpl etel y wound fmmdﬁheﬂepnrﬁﬂanaofsméﬁhhhhtabdenergyeﬂnrﬁa&ﬁﬂn&t@dapses

until the dri \C/E{_fg {0 Qe o éé’é’é’iéxea‘ké)ytﬁé‘ogg%ﬁ{%fua{fd}r Iﬂg;greaac,{}fsdg y u5| ng

torque val ue I s autonony nay be I ncrease

a mai nspri MPERHEiemglatei ghectrdrgde aRRFDL h%ﬂ/l hgake saigh eatent al
| et down ang| théﬂp\dﬂﬁ‘:%ssatﬂiﬁ ‘lﬁllﬂrrﬁie@flﬁﬂﬁbgg gﬁ?bgys%:hl@ SRLAB P NEh E|O
i Nncr eases use ere I U even | 0ssi e,
inati rreplihesurfr%ye g%éllﬁneﬁ‘ﬁdﬁé W?E%v& D #nd’c nngobj ect

of the present inverticani so¢ osprermpo‘shaa thet lami.m:lmrar obft hehsarkmdwpe as
those which V‘%ﬁe&ﬁ%ﬁéé%@zé@ V\?e Sé&.b & e Uinpiinse, aHtQ”OEﬂe'ﬁeﬂig&“ er

than that of owever significantly increasing the
space reqU|reﬁﬁhttbﬁetﬁérépgcwﬁéF@lﬁﬁﬂﬁnﬁﬁeﬁﬁt%uEHOPer1Y|ﬁ§ﬁ3§x$helr

mot her obj ePtmdl&léphﬂnghbéebéélﬁhc@mﬁiémlﬁ%m QbﬁZEhéSlaetlaﬁh@ ar@lf
ose oper | aCC C S ssur S (0] hece or
t he opelroatf&onr}tgiﬁt@'r ee(LJCL\‘r %1035/ the g%‘&?l‘g%%“ elapsd¥ uﬁ%&@ﬁ&% é%f’gl%?e %]Ecﬁ'%(%ved
by the tinepi enwrised byl saihddral3kpring Aseawhes bimbtademdueavalyet 65 .
description which mn;df QhdeQimt ey %io%%&‘é{ %gﬁ%é%g;ﬁwld%

ti mepi ece t o, have_ greater _autonony wt ncr.easi ng
the space reqiideeP¥ing SLePlyi&gnd. higher teyxgue &EQﬁﬂ% BAYiagy it ages
of the presentldrpeanticyal3iayd dowheafBde . clerevey, t tite bl oié NGocupied
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use thereof difficult, or even impossible, in a timepiece
of small volume such as a wristwatch.

An object of the present invention is to propose a
timepiece of the same type as those which were described

20 hereinbefore, but whose autonomy is greater than that of
the latter, without however significantly increasing the
space requirement of the cloc¢kwork movement of such
timepiece.

Another object is to provide such a timepiece which

25 1is reliable and whose operating accuracy is assured as
long as the power necessary for the operation thereof is
available. |

These objects are achieved by the timepiece as
claimed.

30 As will be made clear by the description which
follows, the features of the invention allow a timepiece
to have greater autonomy without significantly increasing
the space requirement of its movement.

Other objects and advantages of the present invention

35 will be made clear by the following description, which is
made with reference to the attached drawings in which :



5 - Figure 1, already nentioned, shows the fluctuation in

the driwing torque supplied by a mainspring as a function of its let
down angl e; - Figure 2 shows schematically and partially an 5
enbodi ment of a tinmepiece according to the present i nvention; and

- Figure 3 shows schematically and partially anot her enbodi nent of
a tinmepiece according to the present I nvention. 10 In the

enbodi ment shown schematically and by way of non-limting exanple in

gi gure t2,dt Be timepi ecm@qmsidi n alfealai}_e af&g@ﬂ&nba\ceﬂtéﬂawls\m@ﬂei S
esi gnated by the general .referepce 1, includes .a_nechani cal power
sour ce for %ﬂﬁcwtﬁ‘%‘f’ailﬁ’s FEenETITHRS FRERS rﬁ““’@,sll&és PYnat BELBFPTREI 15

reference 2, has anfundiden siioiws visty dshemmableal |y since it may be of
the sane type as any of,.: I e I ich.,are . used in
convent i onal rrechani,ca%lb%ge\t,\?irre;s)%gggg.Scﬁemv%%ﬁ%sa@'%ygg%%&\ngﬁ’afﬁ ae','tlﬁfe an
fluctuation’i refpedimengr9of ng t SiBepiegspl Regobdingi stami ter ipnePens a
function 20 ofinventi®in;dawl angle is that which is shown in Figure 1.

This mainspring 2 is cupled tQ a panual of autqmatic wi ndi ng nmechani sm
whi ch has not been 'sho%n’fgé’irr?cegi tsﬂgvs sFé?E‘ﬁ‘ﬁllé’aa}TﬂY oP%he B 4 L &hb¥in

wi ndi ng nmechamihesienfpodiment afsa tmsbisre arvenrtiagakonehbapresént
timepi eces. 25 ventiMai nspring 2 is mechanically coupled to rotor 3a of

an el ectronechani cal converter 3 via a gear train 4 synbol i sed by a

dotted IimQ This Iorkhe tebaglimens shawn|sghemadt issilly3ianshdy tway | ¢ £ not
be described idoriet@iiting _Sei:da@%liet iRByigaeR DRAEnENtYREHOESe VBELCKADNG Ways
known to 30 t ose ﬁkllled In the ar%" . It,wngl S| Ig %: nment i oned
that, in the pressif P~ | ERVPBESPR3a WhATFRIGES ?ﬁﬁ% efrabiet CBfi ch
has si npl y dsneralkprefenerce by, ainaindesr epmestianiing li irowixdt Ssoureé
magneti sati on. t | s al s ' d kly 3 S
magnet i cal gg%ﬁth ogtﬁg%%ééﬁ%ﬁ%h?mﬁggnet o%rﬁggérdégggéaeggr xgﬁ%le
via a stat v&ﬁfgﬁﬁ-'% ot BeSeRrdioRRensshaun very sehepaticativssines
termnals Bl aitd B3y ibe reéSpehse ddme type as any of the well known

mainsprings which are used in conventional mechanical
timepieces. It will be assumed that the fluctuation in the
driving torque supplied by this mainspring 2 as a function

20 of its let down angle is that which is shown in Figure 1.

This mainspring 2 is coupled to a manual or automatic
winding mechanism which has not been shown since it may
resemble any of the well known winding mechanisms which
are also used in conventional mechanical timepieces.

25 Mainspring 2 is mechanically coupled to rotor 3a of
an electromechanical converter 3 wvia a gear train 4
symbolised by a dotted line. This converter 3 also
includes a coil 3b and it will not be described in detail
since it may been made in various well known ways known to

30 those skilled in the art.

It will simply be mentioned that, in the present
example, rotor 3a includes a bipolar magnet which has
simply been represented by an arrow representing its axis
of magnetisation.

35 It will also be mentioned that coil 3b 1is
magnetically coupled to the permanent magnet of rotor 3a,
for example via a stator which has not been shown, so as
to generate across its terminals Bl and B2, in response to



6 any rotation of rotor 3a, an alternating voltage Uy whose peri od
Is equal to the period of rotation of rotor 3a, l.e. to the tinme taken
by rotdr 3a to make one revol ution. Terminals Bl and B2 of coil 3b
obviously constitute the 5 termnals of gonverter 3. Ti mepi ece 1
al so includes a rectifier circuit 5 whose I nputs 5a and 5b are
respectively connected to terminals Bl and B2 of converter 3 and whose
out puts 5c and 5d provi de an at |east substantially direct voltage Ua in
10 response t et teytetiony ofoirokge Bg,gencadtednayingrveltage Ug whdées

vol tage Ua is%&dﬁ%eﬁstg umptcxs (B UAQUE of £ =3 £8H' fca{]avrt%e@h' ch

will be descri relna VI a con ctln e not been
shown. imecths ithe GW\FI Faker e FRiey |3@e o ﬁ‘ahét QPF ZeViesutions nay

be simlar to wévmitialdent eghdf Ber s£Wwebli 1kn®VbEW ous I @sh=dddd s thet he
art. It wl s‘_{g%.)ﬁalie ng L.oned 3that for a reason which will be nade
cl ear hereihafter— t REsCPREETT9%r 5 i s arranged so that direct voltage
Ua is great er tTimepiecpedkalsd vinoludes & mectidiesl cigeully. 5 2¢hose In

the present exgiRiey sd oAl Y Sap@ ngén%é&ﬂtely d&etddi s t%a&&% opect ed

to each other as well as to ter converter ernore, the

potential of BliRBdeBh e CERNEREPY S5a,2B¢ WhEsSA1 %’e@%n ar G a4t y
sel ected as rgiwieinte ant aat ll@a,storsxgssm&rchlﬂny afiiréde %51\tabbagﬁs I Ch

wil | ne t he piion wl| vol t ages rreasured
W th respall craee Yo Alreiling, yRITERePby Pellrge O 47 cBUGE-(EF
alternating vca-t agbisgyg vcslttalrgﬁs Ua dpmintérdedwicoh sunmplect the semious
reference pot editd@lrduien c?&cdﬁsorwrﬁiasﬂ Q&ﬁﬁsbé‘tdé’sé‘zofﬁé@rﬁeﬁ@ﬁ@f@é@, coi |

3b is not short - CIFCUIte reover foll ow ng
description, tH& GerdygEing %??ﬁﬁﬂ@?%ﬁh 5 E@Ec@?%%d§§§”belng at the logic
state "0" or | oRextdtfdiee 51w 1acnotdbégdé9cmbbé&eintdmtaﬁneﬁﬁﬁeé D 35

t he poi nt t-hey a u ta gau e

refer ences'l'pé(/)\?géﬁef & S?L&rgég%ec gfl h%%po[geén% a L a‘]f'e%'%r 5#@3{91 %IO of
rectifier 5_|qhq3ﬁ;$bplbgﬂngn the art It will simply be mentioned

that, for a reason which will be made clear hereinafter,
this rectifier 5 is arranged so that direct voltage Ua is
greater than the peak value of alternating voltage Ug.

20 In the present example, terminals 5a and 5c of
rectifier 5 are connected to each other as well as to
terminal Bl of converter 3. Furthermore, the potential of
these three terminals 5a, 5c-and Bl has been arbitrarily
selected as reference potential, or ground, and all the

25 voltages which will be mentioned in the following
description will be voltages measured with respect to this
reference potentiai.

Accordingly alternating vwvoltage Ug is thus
symmetrical with respect to said reference potential when

30 rotor 3a rotates at a constant speed and coil 3b is not
short-circuited.

Moreover, in the following description, the wvarious
signals will be described as being at the logic state "0*
or logic state "1" according to whether the potential of

35 the points where they are measured is substantially equal
to the reference potential, or respectively, the potential
of terminal 5d of rectifier 5. In the following



7 description, these logic states wll sinply be called state "0"
and, respectively, state "1". Ti mepi ece 1 al so includes neans for

di spl ayi ng t he current tine which are formed, in this exanple, by 5
conventional hands, designated by the reference 6, but whi ch may al so be
formed by other well known el enents, stich as discs, drums or others. It
may also include one or nore additional display devices, such as a date
di spl ay devi ce, phases of the noon display device, or others. An 10

addi ti onal di | o] .S t h SQPA(? ds 6
and, if requi ?éegd?e%ﬁ%ﬂé%gi tiftg‘%%ie &gﬂq%e %?agggdge‘lq'cqes, a ]éyrr]é)ghacnaljta y
connect ed to riatprifigapdantesredtyivielysasspteonterter 3 via a gear train
of which at |east rini8 @ 1 WlIRYiRE16Q88PRehAsA R Idi¥p IRy IGRAILR& Al N
4. In 15 Figure 1 tgl gear I‘.ahg connect ed %o handghG has_not EFS‘EH
separately refEFenday, i ¥O§ I%Beréfcpqzég% t edThy “B1S, FERTRYSY i Y

Ti mepi ece 15 alsmvertt iotesl ahandesetieengnmteldabs nther refelrands & arkoyti f
required TOr dPGhipoails 2ddidd.ana &) GeHLEC.RI1IRASRS ol Glrdas not
been shown since It nay e simlar to any of the various mechanisnks of
this type i agr digesl REBHR ¢% RS < |4t ey pAsehéngiude one or |

the timepi ece meEoOrddpciond DedPEEBLNt 4e0ve8E| OBuch 880w ddtdi QL1 &

ensl avi ng of the_.real rotationglts$eed 25. of Ot(L)é 3a to its tesi redlan
rotational spSSTAE: FRATHLT B F9RP (AP S Posi T M-BFE it r ot or
3ato its 10 delitddnadgdiaplaysieviare ofs thisutype asamaniemn shown.
circuit 7 which ispabppl i@y, 2 pOrLiRn-oh ! BReTacRARiGHa1 AR ot Of ed
in mainspring 2 after transformtjon fhereof 30 into electrical energy by
converter 3 affa¥qes. are) perpaRicRlivl tagRethedhton Med PFRFdmSt & t he
| atter has dmmr Braesl epaedrtet 03 aril regjeatoltrade UE Wlichcatflesst 5.

The el enments of_ _ensl.aving. cl.rgui i,ch determne 35 th Q I pn speed
of rotor 3a ano(few%lsog%\iv?ngl f"%ge&g‘ E%%msc\é?i%oeda %eo%etllr?a togr ,ggggdrcﬁég{’ ?'r Zilrh 4,
are arrandgeéd stigure hht bhhdsgearotaed mtcanredetedrval hapded$ Wesn netor 3a

rotates at dedid&f spesdt\¥ay HerWhrbhcbE, 2ag8dNed §B8ab1sbNrepresented by
a dotted line.
Timepiece 1 also includes a timesetting mechanism for
hands 6 and, if required, for correcting the additional
20 device or devices, which has not been shown since it may
be similar to any of the various mechanisms of this type
which are well known to those skilled in the art.
In the timepiece according to the present invention
shown in Figure 2, enslaving of the real rotational speed
25 of rotor 3a to its desired rotational speed Vc, and thus
of the real angu;tar position of said rotor 3a to its
desired angular position, is assured by an enslaving
circuit 7 which is supplied by a portion of the mechanical
power stored in mainspring 2 after transformation thereof
30 into electrical energy by converter 3 and after
alternating voltage Ug which is generated by the latter
has been transformed into a direct wvoltage Ua by rectifier
5.
The elements of enslaving circuit 7 which determine
35 the rotational speed of rotor 3a and which will be
described hereinafter, and gear train 4, are arranged so
that hands 6 rotate at their normal speeds when rotor 3a
rotates at desired speed Vc. It will be assumed that, in



8 the present exanple, said desired speed Vc has been fixed at 4
revol uti ons per second. Mor eover, for a reason which will be nmade
cl ear by the followi ng description, the features of nmaminspring 2 5 and
the various elements which it drives, as Well as the features of
converter 3, are selected so that the aver age rotational speed of rotor
3a is greater than desired speed Vc as long as the driving torque

provi ded by her, than_lLimt taqr

her ei nbef or e"%}?@%ﬁ%rﬁt ﬁjfaxﬁpo%h 'C%ﬁg'ldt figﬁ lfﬁgt sggeﬁ gg % ESL ffd'xed
circuited. Likatiéeeudiaddohsaper esecamsl.sel ect ed so t hat sai d average
rotational speed i SdS8svdangsAi 4 Qéébéﬁdwh;cfxp%(hv‘lbé i |ci3§ai's¥> or

short-circuited, in c¢lrcunstances descri bed, herejn
and this is th"el‘%agelﬁwé%ndﬁﬁé?ﬁlﬁﬁ?ﬁ%pr the LFepsursspiadh SR IRIRERLBEd2 t he
driving Porapme v Chlariops oyidventdhughids it mxvéwma@lwell as the
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si gnal geneyat ggl tahétésceﬁénarﬂvmdaweeﬂduebere@hhee ﬁygﬂahn§5&iﬂg 2 the

foll ow ng descripti,o [ |terpately at state_ "0 state "1"
accordlngtC)wh%théékﬁﬁtﬁ @nuﬁﬁﬁb Yi FEFWe L &%ﬁh?@? ?9%?%%5%??9% or
positive. 26 (Figdhe [ier) odnofcm@ﬁaioﬁMukSambmbdﬂsly dgiiahoto gheattef
voltage Ug so p [ 0
mlliseconds en'$% éﬁ %ﬁ%onVer 3£&E§ﬂﬁéﬁﬂé§£ %QH?Ct%%S%SeE speed
Vc which is 4 $Mlﬂ‘tf¢1§ﬁ§epepté‘ée9ﬁ§l Spreﬁdth@ giesserithasx avpi@ desheadi oned
herei nbefore. gfeed vc 'V;Dfe@MEI 3§'ﬂ§a§h§MzP@§:§8§1{:é@m iﬁsc cumbB8hBcbs its

"1" state each ] rot 3a of onvert pas det er m ned
angul ar p05|t|Yﬁﬁr%aW{§$|§;t cribsghhefeina 58Ffa888Lghbés§§stﬁFs ©38&fo
val ue whi | £5i nevexassihen malnsprlna @ndls Simpdetlkdswboh andothéi dnatrisgeed

(r)nfea:;ir i}ln?o?gr s%&qg%/ E‘“ﬁ{ chgt er% nedf%jsn sg@%esﬁfqlr%%ﬂﬁ% \?91&419 Passage

her ei nbef or e. Aforementioned enslav1ng circuit includes a

comparator 8 whose non-inverting input is connected to
terminal B2 of converter 3 and whose inverting input is

20 connected to the reference potential, so that the signal
generated by its output which will be called signal SM in
the following description, is alternately at state "0" and
state "1" according to whether wvoltage Ug provided by
converter 3 is negative or positive.

25 The period of signal SM is obviocusly equal to thae of
voltage Ug so that, in particular, this signal SM period
is 250 milliseconds when rotor 3a of converter 3 rotates
at its desired speed Vc which is 4 revolutions per second
in the present example as mentioned hereinbefore.

30 Moreover, signal SM passes from its "0" state to its
*1" state each time that rotor 3a of converter 3 passes by
a determined angular position, which is that at which
voltage Ug passes its zero value while increasing.

Signal SM is thus both a rotational speed measuring

35 signal for rotor 3a and a signal for detecting the passage
of said rotor 3a by the determined angular position
defined hereinbefore.



9 Enslaving circuit 7 also includes a source of a reference

signal SR, forned, in this exanple, by an oscillator 9, which may be a
quartZz oscillator, and a frequency dividing circuit 10 having an out put
QL which 5 provides signal SR in responsg to a signal generated by
oscillator 9. This oscillator 9 and this frequency dividing circuit
10 willT not be desciibed in detail since they may be made I n various
ways wel |- known to those skilled in the art. It 10 will sinply be nentioned

that oscillator 9 BRglpvdggerejrcuiti Vi ksaoiacdudesamyedosdcena®it fe
period of sigpalfedRrde sigaddl 4w, t Haknld,Si gRAlLEIM WeRAMPOEYr BR @h
converter rqtates at_its. desire eed Vc, i .e. i seconds in
3 53.%ﬂ§ 9' desired %F d Vi ' 2§giﬁ||' ds i
the present ef&fie?2 + WRAFR mAY ke By WREES A1 BY of
exanpl e, b\ regyusgeyf ciiwistiind atiorcwit dl&imaviamg osui bhbpbot 03 twdich
which Is used.j : | Q4 A J1Y | St I g6 n loggh
provi des a%gi %ﬁ&%ﬁgﬂgi%lr e%eﬁ%:;f %%B%Q%G%gﬁg gg&ﬁg%dgﬁ} eﬁgl%ie%g by
frequency di vicg6i1l18tPA $he wel | known form 20 of a series of 13

fli IO-; | ops. | Thik %bgl:&éﬁ& taedanaltﬁrﬁ@ecf;baaénéye&yﬁ&_ :Nnéi:d/iisz.gﬂﬁtlp

i ncl udes a segqnd .qut put, .desi gnat rovifding a si_gna ving a
much shorter 3 riwd'gti 5‘8&’ E’?aﬁﬁggrﬁge?%ﬁ get?ﬂ‘ e ‘%bcfe o%eyﬁ ré’oe 5 :
shorter, thanimhaardbusi gaps @6l ERmemd tthabeses ekl hed siwi the merymde cl ear
her ei naf t gy 1 1hN iy 1RF GRE HerPNYHUL tHlt StigN2leoPC oML ERILEHRA by

t he out put 0of wt%e si:%apheél i p?#el op of a?requenc X |\%‘|8er 10 ., and thus have
a period equaldivddgsprlixprat dFyanget so thah thecBRycdzpt signgd FRudishg
circuit 7 al secuad uieschat refesbitd e SM Whant £6todr 3dpodowdnte@uitieer .3 Whi ch
I s designated_b e r.ef er. 1,_Th count i [ t. C of 1hi,
counter 11 %é?a%%ﬁnggté Stgggégﬁétsegég ??éqhé%by I\H%E%l§ﬁééﬁﬂf ﬁ%ﬁs
recei ves si gniheSRresgauti examlér counting input Dis 35 connected to the

out put of jeonparat eh3i8 2BduiPUsay VLM Rined, SkEIt) SMway of exaiil%e,
up-down counter 11 will not be described in |, , detail since it nmay be nade
in vari ous welY IHW*W&“;P:{ gscillator 9, a similar oscillator to that
which is used in the majority of electronic timepieces and
which provides a signal having a frequency of 32.768 Hz,
and by making frequency divider 10 in the well known form
20 of a series of 13 flip-flops.
It will also be mentioned that frequency divider 10
includes a second output, designated Q2, providing a
signal SC having a much shorter period, for example of the
order of one hundred times shorter, than that of signal
25 SR, and whose usefulness will be made clear hereinafter.
In the present example, this signal SC may be provided by
the output of the sixth flip-flop of frequency divider 10
and thus have a period equal to approximately 1.95
milliseconds.
30 Enslaving circuit 7 also includes a reversible
counter, or up-down counter, which is designated by the
reference 11. The up counting input C of this counter 11
is connected to output Q of frequency divider 10 and thus
receives signal SR, and its down counting input D is
35 connected to the output of comparator 8 and thus receives
sj.gnal SM.
This up-down counter 11 will not be described in
detail since it may be made in various well known ways. It



10 will sinply be specified that it is sensitive to the | eadi ng

edges of the pulses which it receives, i.e. to passages fromthe "0"
state*to the "1" state of signals SR and SM In other words, the content
of counter 11, i.e. 5 the binary nunbem forned by the "0" or "1" states
of the direct outputs of the various flip-flops of which it is

formed, is increnented by one unit at each | eadi ng edge of the SR signal
pul ses and decrenented_by one unit_at each | eadi ng edge of the SM signal

pul ses. Count“drll 1SATRSY1PY nePeeEiaR| thatowkt mbanFarfiidive | & &

anmbi guity duddsding _e&ge§uaef|&ﬁ§iDtpiuqrse‘sn Wihi%h O%tthﬁcﬁﬂ{réﬁ;‘éo whiech td

recel ves . 1ts | ut s apd, to Qe r nov.eq. unter
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of said flip-andbpMarkn 16thespeerdvel phdesoghanbdoQl connter. 11, i.e. |t
will alsode dipealdet-f Malnbed HERRRUH LRkl dg» or 10 MR Qs N 1dyps F1 ops,

Its content nmpy have any val ue greater than or equal to zero and |ess
than or equald¥e fp§outs of jthegvariougyfédpefloPfecdp@bdchoi tofizount er
11 ihs cycli Céﬂquz(ned, ESEinFﬁeﬁémz ted Wrone\i@iiy b éaaheﬂéatii§n§%@§e t&fl _Ze(r]I 0,
such content .t the val ue err] - n.respaqn to a puls a led to
Its down courﬁh%ngs%l‘ nspl n% é’r?ci", \ﬁnea!%udslé&creme?%&%éo% 9 epéﬁﬁgzl 3% achg'fr] -1,
it takes the hedidigigeedgenofs thespiMiseignad milsesapploenten ids aiso
counting igPUinGudes well HAORE Méddd Qhich &N oH hny Jallabg??‘éitl:y age ddat,

when the content of cqunter (11 is grgater thfm or eg .to zerpo and
| ess than 2[ &P SURRTPNSIELO0r 1BohAREr 01 1the Brlaegwhich b LgrpivTRR
output QL is aat itsatieptitd @hewd Dyclrochet eainoB8d. i s greater than or equal to

LTl o s COBReBE uaheruald, 26Tl dhops . o MESM ey (e

2[err], outp@f Qehef lastodndrperulsiglane apfsteadd" Flinntlens aneut

is at 35 13 abRspbctWhely SEEH SRULN Q1 andrgater than or equal to 2[ err]

and less than 2 erIrt] will also be recalled that, since counter 11 is
formed of n flip-flops, its content may have any value
greater than or equal to zero and less than or equal to 2°-
1.

20 Moreover, the operation of counter 11 is cyclical,
i.e. in particular, when its content is equal to zero,
such content takes the value 2°-1 in response to a pulse
applied to its down counting input D and, when such
content is equal to 2"-1, it takes the value zero .in

25 response to a pulse applied to its up counting input C.

Those skilledg’. in the art will easily see that, when
the content of counter 1l is greater than or equal to zero

2 (n—ll

and less than , output Q1 of counter 11 is at state

*0" and that output Q1 is at state "1" when such content
30 is greater than or equal to 2(“‘”, and less than or equal
to 2°-1.

Moreover, when the content of counter 11 is greater
than or equal to zero and less than 2% output Q2 of
counter 11 is also at state "0", whereas output Q2 is at

35 state "1" when such content is greater than or equal to

22! and less than 2%,



Qut put QL of up-down counter 11 is connected to a first input of an AND
gate 12 whose second input is connected to the output of conparator 8.
The oltput of this gate 12 is connected to the input 5 S of an RS type
flip-flop 13, whose input Ris connectedt1 to the output Q of a counter
15. Li ke up-down counter 11 described herei nbefore, flip- flop
13 is sensitive to the | eading edges of the pul ses which it receives at
its inputs S and R In other words, 10 the non-inverting out put and
inverting output QWPWai@L off Mpydpwsp cERmt@Rekl | v8| Foraestedatko "a" and
state "0" in £irs€SAMRRA 1or RGN ARdGRGCHIP @Qhoble S@Mdd ARRIULEdiEO0 TS

I nput S, and res ectlvely ake state 70" and tat "1" in response to
each | eadi ng € nGRCREDI 9% ST °55 butput R Count er
15 is a sinple COUMHeﬂquﬂpnt af ghidogate lodst epnnadted te thembdputn this
exampl e, O 14V6e [dd fes HbORYGOMIE! 94| UrdSLl 2hplt & £4NUERRLODEN
manner, So Its out non-1nverting output of 20
|tsf|fthfl|‘f-1°f¢ltﬁ) oH@iked Pﬁoﬂt%‘t‘m"ﬁer'd-5 to state "1", when its

Eontent passes frqmﬁ%te;;wowa tbhheep 1D aét@:nbe@lh&eambea&e, ffl]:cl.p-

p- counti ng | of _counte ct out t of ;Lrequency
di vi der 10 an gérééeﬁﬁgfl &ﬁaIOZ%%§C I¥%s‘¥§§%t 'hﬁégnB 1seSi's
connect ed to whyehtlugrecelvmsnatg:ﬁsfimmuﬁ$o@ d3d R. In othgaiwordsike

up- down ce G’P. Fdn- 1R ol w0 anae@%bttxgngoottﬁut g@dipgsgdges of

t he S|gna |ts %oun €0 i s content is
kept at the 3 ¥%T§EW§e¥%)¥ﬁ§HQEﬁ}W%§ﬂ F§ enFEetR i"d"apndt stete *0” in

5ns|?VIn9 CIrﬁé@@oﬂbéﬂﬁﬁiddahtuéaalﬁg e&g@t?fcxH56£@gma1 applie@Bantof gesr ot or
a of converter ich.is for the presepl gx Y.2Q n_type
MOS transi st ot* put es?%ﬁwﬁ%ﬁ??%?iﬂ%%y'§F§Féﬁ§ BmhgggnggﬁFg nd*8r ai n
are 35 respeotengse:cnmaacé:d1tegduagnem¢sosltrmcsmadt appdded &p its 3,

and whosejgatg,¢sy€qonected to non-inverting output Q of flip-flop 13.

Counter 15 is a simple counter, not an up-~down
counter and it is formed, in this example, of five flip-
flops connected in series in a conventional manner, so
that its output Q, which is the non~inverting output of

20 its fifth flip-flop, passes from state "0" to state "1*,
when its content passes from the value fifteen to the
value sixteen.

Up-counting input C of counter 15 is connected to
output Q2 of frequency divider 10 and thus receives signal

25 S8C, and its resetting input R is connected to inverting
input Q of flip-flop 13.

Again, like- up-down counter 11, counter 15 is
sensitive to the leading edges of the signal applied to
its counting input C. Moreover, its content is kept at the

30 wvalue zero as long as its input R is at state "1i",

Enslaving circuit 7 also includes an electric braking
element for rotor 3a of converter 3, which is formed in
the present example by an n type MOS transistor,
designated by the reference 16, whose source and drain are

35 respectively comnected to terminals Bl and B2 of converter
3, and whose gate 1is connected to non-inverting output Q
of flip-flop 13.



12 Those skilled in the art will easily see that transi stor 16

I s bl ocked or conductive according to whet her its gate is at state "0"
or "1""since it is of the n type and whether its source is at the
reference 5 potential. Enslavingggircuit 7 also includes a

ti me-del ay circuit 21 having a control i1nput C connected to the

out put of conparator 8 and thus receiving signal SM and an output Q 10
This time delay circuit 21 will not be described in detail since those

skilled in the art Thésehakilded idiftheulasti widdki egsily kaewi nghahat it
|s intended tO-ranPiQ¥bYe P4 IilsS OULLKEAQ pubaaul&l%lfe ds&ea%&% dgpation

D, during which such output Qis at state '1 3 se %lnnln
after a del ay Whelher :Wrﬁ drtesig &5 statrt P hiteed L hé’“smé’leaﬁ§e&ssf’ cEB&j gnal

SM passed frommstafe and'whethbat eitd" .schitde dwsat k@n thandrda®epygntene T
wll be %pelflet[d%reinafter Qutput Qof tine delay 21 is
connected t i nput of a NAND gate having a second jinput which is
connected to out putErgbAvingR-G agpet f |7 palsop Pacludes a |hige-&bay

flip-flop 24 'élfé‘@f@(?tzqd ﬁé’viﬁ&‘ QUtinﬁtrQ;l ingQtAND S@ﬁﬁegéea fdd stnknput
of which is connected out down counpter a second

i nput of 25 whPRFPYs @ nﬁ‘é‘&ft’%’aa o%tm '@gu%fr§%l‘?%l"{:%n?%gnﬁ e apd
inverter gate &b6.output Q. Input R of flip-flop 24 is directly connected to

out put Ql 96 count e]?h:.]sl ti me %1a35nc,sil. Jﬂ'g ﬂ r :’:ji% Jo@lé% a&&%fgﬁédam

control elenment 30 Torne resent exanp
transi st or, d%l’é%iénaﬁlerds%y thisser esloi bhed 25?1'1 \Rﬁ@seEE'éuthJell s hgyeheeped

to the positiveipeieatt dyal indRakengt ed, bknromn@ &mlat lca‘ 13 ﬂmf_@&aeauesl y
vol tage Ua, and whp "1?% rajn is connected

converter 3. THE® 3f W (FHRU SR PR s? EGnﬁécfiEBeHS‘lPﬁg gﬁfﬁﬁf‘c’ﬁf
gate 23. D, dihmeg sihidledsuah tdukpartt Quwiilsl ataskhyeséd "t hthis pulse

transi stors@7 ¢ Woeksdiap corduptiye el diied O, YASERCTskisagabe 1S

at state ectively
determ:.ned has elapsed s:.nce signal SM passed from state

"0" to state "1". This duration D and delay time T will be
specified hereinafter.

Output Q of time delay 21 is connected to a first

20 input of a NAND gate. having a second input which is
P connected to output Q of an R-S type flip-flop 24.

Input S of flip-flop 24 is connected to the output‘of
an AND gate 25 a first input of which is connected to
output Q2 of up-down counter 11 and a second input of

25 which is connected to output Ql of said counter 1l via an
inverter gate 26.

Input R of flip-flop 24 is directly connected to
output Q1 of counter 11.

Enslaving circuit 7 also includes a control element

30 formed in the present example by a p type MOS transistor,
designated by the reference 27, whose source is connected
to the positive potential, designated by the sign +, of
direct supply voltage Ua, and whose drain is connected to
terminal B2 of coil 3b of converter 3. The gate of

35 transistor 27 is connected to the output of gate 23.

. Those skilled in the art will easily see that
transistor 27 is blocked or conductive according to
whether its gate is at state "1" or, respectively at state



13 "0" since it is of the p type and its source is at the

positive potential. Enslaving circuit 7 also includes a storage
devi ce” 28 i ntended to store and return electrical energy in 5
circumstances which will be described hegginafter. Devi ce 28, which
i ncludes a positive termnal 28a and a negative term nal 28b
respectively connected to termnals 5¢c and 5d of rectifier 5 wll not
be descri bed in detail since it may be nmade in various ways well known

10 to those skl ednce tite s tof | thai bl typeplanddamendounes is thatthet
i ncludes, in bBE;E£§é§§$téﬁ%¥9T e, a conventi onal accunul ator 29, which

may be of t he as an the well known accumul ators suitable
for such use. If Enﬁla%‘é%%r‘illr‘%%ts7dé@is@elﬁﬁ§‘u€¢%oa|$ﬁqw feriqauia8 f or
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| atter and/ or tDepiew 28, adcichuliaicdud28 bepagitive desphinadl dfwmeged. 20
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Si nPl yI be mﬁnaéea{g@t Ehatei itifa ns@rm@&e Sih aﬁaxtltb@ewﬁ eqe':ns b@fo'fmnlz5
initialising a e rea

mcreasm&ra ag ﬁFn?gl}ﬁg§EHBI aFﬁg %% @#ﬁﬁ Slmpgﬁhae qﬁlQﬁqQany
greater than thatvatuanaﬂuﬂhschinh@he pvaseumsemampdnenascwhvamﬂxmnadg
circuit 7 begh@chﬂu?&%6§t99 wﬁ&%ﬂ? a¥r Eg“é%rﬂﬁﬁ”%aﬂﬁlklﬂé g8l Led o

|n|t|aI|S|ng nonent owi ng description. This |n|t|aI|S|ng

circuit BSnrvaﬁledk%wmé&e@ﬁwa&GFSde?umab éeﬁnt%msandl 15,
to time del aYnEZbe&BdrTyQ fahis f GePscd 3 mand aﬂs@olhbahde aOU(E:D:H&ﬁJ.Q fQk or @

of all th se A1 e se st at nDnent t v%en
i nspr | ngS> ASABERBE.FRF, SPerAtith Yairast of TRT Rl wtiacke: 29 %9 not
rotating, volvaééagg Vs. oBhisudeyice %&Hmﬁyldlsqrnunhﬂdﬁ(an mmnmnﬂnlaﬁbr 29
of storage deui¢eu?® intended to limit the charging current of said
accumulator 29, to prevent overcharging the latter and/or
to prevent accumulator 29 being too deeply discharged.

20 Enslaving circuit 7 also includes an initialising
circuit which has not been shown in order to aveid
unnecessarily overloading Figure 2 and which is a circuit
well known to those skilled in the art. It will simply be
mentioned that it is arranged so as to generate a short

25 initialising pulse at the moment when voltage Ua reaches,
while increasing,'a determined threshold value, which is
equal to or slightly greater than the value at which the
various components of enslaving circuit 7 begin to operate
properly. This moment will be called initialising moment

30 tO0 in the following description. This initialising circuit
is connected to frequency divider 10, to counters 11 and
15, to time delay 21 and to flip-flops 13 and 24 so that
outputs @, Ql or Q2 of all these elements are set at state
"0* at moment tO.

35 When mainspring 2 is completely let down and rotor 3a
of converter 3 is not rotating, voltage Ug is obviously
zéro. If, in addition, accumulator 29 of storage device 28



14 I s discharged, voltage Ua is equal to zero, or in any case

i nsufficient for tinmepiece 1 to operate. If mainspring 2 is then
rewound, there arrives a nonent when rotor 3a begins to rotate, and
when voltages 5 Ug and Ua begin to increpsge. At nonent tO defined
her ei nhefore, the pul se generated by the initialising circuit has the
ef fect of setting outputs QL and 2 of frequency divider 10, outputs
QL and 2 of up-down counter 11 and outputs Q of counter 10 15 and tine
del ay 21 to st¥f ¢ligpharged, volkagg Pasistewialk He awe.i ot iial RBYngagel se,

outputs Q :&mhﬁzm‘lé‘du Fokl ]?mﬁéﬁléﬁgenglbg’bfatékf the state "0" and

| ogic state "1" an Ut Q | ps t akes a .
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bl ocki ng st at emonent haterordt@Sh 34 begims tes Botate) samdtwhémrvottagast ed

and the rotati r oL O &Aa can reach and pass its desired
speed Vc. &grégsg%x§ﬁﬁﬁ@m@5n E& incﬁe%nn: put Qof flip-flop 13 keeps the
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to rotate gnd 15 a4 tage HR1LFaghes el mgivent val ue, said accumul ator 29
begins to charge béé?bsorbl ng a_portion of the el ectrical energ
h

provi ded by conver % 23 TXeFHLERCE hgﬂeoiﬁﬂ%u%§$§%§¥}saﬁg BuhELat BREPTHF SQ
surpl us of el extd |Q:a:lf effleiienf Tiop AB Q@Hb&ﬁtlvemﬂroﬂhﬁédtb¥ §ﬂaﬂéﬁi‘0ﬂ9a1i2dand
originates fr NVET S a as ortion chani ca
energy E2 3&%4 et?éél n%ef%r?é]e y%‘%tn r?%rﬁ\?’?p 2188 ﬂ 18221 €2 rF cal
energy stored B accunulator 29 is 35 intended to be used in ci rcunst ances
which willide  desaitded B@r BuRghteh of flip- fﬂ?ﬁ PSS 0P s 1L OBPI ece

I be descri bed hereinafter in general terns
1 after moment QﬁMits bloékf&g state, so that coil 3b of é%nverter 3

is not short-circuited and the rotational speed of rotor

si nce those

3a can reach and pass its desired speed Vec. Moreover,
state "1" of output Q of flip-flop 13 keeps the content of
20 counter 15 at zero.

Furthermore, state "0" of output Q of flip-flop 24
keeps the output of gate 23 at its state "1", so that
transistor 27 is put in its blocking state. -

As will be made clear hereinafter, accumulator 29 is

25 completely, or at least almost completely discharged when
timepiece 1 is stopped. When rotor 3a begins to rotate and
voltage Ua reaches a sufficient value, said accumulator 29
begins to charge by absorbing a portion of the electrical
energy provided by converter 3, which then operates as a

30 generator. This surplus of electrical energy is of course
provided by mainspring 2 and originates from the
conversion of at least a portion of mechanical energy E2
defined hereinbefore by converter 3.

This electrical energy stored by accumulator 29 is

35 intended to be used in circumstances which will be
described hereinafter.

The operation of timepiece 1 after moment t0 will
only be described hereinafter in general terms since those



15 skilled in the art wll have no difficulty in reconstituting

all the details thereof fromthe expl anati ons al ready given. I n
this description of the operation of tinepiece 1, 5 each of the nonents
when reference signal SR passes from pgs state "0" to its state "1" and
when the content of counter 11 is thus increnented by one unit will be
call ed ref erence nonent tr. Likew se, each of the nonments when

measuring signal SM al so passes fromits state "0" to its 10 state "1"
and when the c8kiddtedf k@unthe 1arits mhidsl havdecreaenddd fycwheyunin wil |

be call ed Weasyéb%sr@i@m&mg BT  the dadtai$sOb¥hetedalsifg CoRplent
of up-down counte ermanently equal to the difference between

the nunber 15 &P ?%%1"”@%6? e2gY gi¥erated by frequency di vi der 10
since nonent t0 defImethherdeshefmriomut e psetioh of tih@babcsl\/llpul ses

generated by Cgmréko?hg m%éﬁgs ?f Eﬂerefergﬂg?er nafog;ﬁmétﬁ% Ea%v%l uti ons

effected by roto
This content oit&oghese 10" stq h?I-J"sS peEabaeiil'y and mdisrestdre aconbent oife

di fference bet meeﬂtébeueﬁé el BicremdiRdd RN ofe LRLR wid1aBd kh1ded red
angul ar position n the case, this dlfference may be an

advance or ﬁefgfﬁ?’aﬁt F‘8ﬂe§ﬂd%ﬁay likewise, o fRGtePL sthRrBpmeBts. when
revol uti ons. measurihdreiqueliselalsoMersstds € rdind f:.e.rseettaties "Der o hie.

when t he amgulgﬁaggsn |..onazg% g‘,ﬂggr t?l'?eCBbHEé gs,o‘,_at (g to éNI %ﬁl n one
revol ution a'e5| re he con ent of nfer 11
is also zero. ‘éﬁcremenEﬁﬁeWsénevW@ﬁtt H\Tlsudlbq e¢@hl,<ed|!seasamwdapmsntof

rotor 3a with tfspect tﬁ its desired angul ﬁr posi t2| on, the content ﬁf

ConTL ottt AR W W85 Meny 2elbamyn, councek’ 1105

Finally, when 1ﬂiﬁemém@nblmeeq®lartcad:m&ﬁﬁenem:er betwéanwthk nespeet to

its desiregdsanggl @i gRa3i tdiPNpuibes generated by frequency divider 10
since moment t0 defined hereinbefore and the number of
signal SM pulses generated by comparator 8, which is the
number of complete revolutions effected by rotor 3a of
converter 3, since the same moment t0.

20 This content of counter 11 is thus permanently
representative of the difference between the real angular
position of rotor 3a and it desired angular positien.
Depending on the case, this difference may be an advance
or a retardation and may be, if required, several

25 revolutions.

More precisely, when this difference is zero, i.e.
when the angular position of rotor 3a coincides, at least
to within one revolution, with its desired angular
position, the content of counter 11 is also zero.

30 Likewise, when this difference is a retardation of
rotor 3a with respect to its desired angular position, the
content of counter 11 is greater than zero and less than
5 in-1)

In these two cases, output Q1 of counter 11 is thus
35 at state "0".

Finally, when this difference is an advance of rotor
3a with respect to its desired angular position, the



16 content of counter 11 is less than or equal to

2[err]-1 and greater than or equal to 2[err].

The opération of tinepiece 1 will now be descri bed

beginning arbitrarily just after one of mgnents tm defined 5
herei nbefore and assum ng that rotor 3a is then advanced

with respect to its desired angul ar posi tion. As was
seen herei nbefore, output QL of counter 11 is thus at state
"1". Since si goaltedV iaf atembtmr stlatds "léss than or equal til iP-fl @nd3
takes the stalgoWpehketRaht S 0atisl $Q23wd Q 10 are

respectively at state "1" and State "0" @ a result,
transi stor 16 becomB&® OCHFFRLE We%&lmeplece 1 will BAWrPegi ribedi| 3b
of converter &egRﬁh@.thErbSti‘éu:tBly just after one bfakeemits tmk Aeiiradd onal

speed beconres . SRpee
Al'so as a E’gs&l T nré% res?a’tdt ?%SUF‘%B& taacgf r&t):l?ﬁt g’(rg‘ q's then advancedlS S

kept at st at ewigh, reapeebntrerﬂtta)fdeeemdeanqelar position. i ncreases by

one unit at each ohgsiggakesfy ﬁePé’iﬁl?éfon@erbutput Ql of countdd e g
present exanple, this content passes fromthe val fifteen

to the val ue &HSedt y pp Cﬁalsé-lg?aél%ls also at stgye "1,
m | liseconds aEflh@r—fﬂJdpp-lBI cuakb’.% hae chatgedhearalie, iwst putputs Q and Q Q

of counter, 4,15 _pas n1 vy n waw Flip-flop 13 then
again takeLs9 t Pc% ?‘Sggg%%@ﬁﬁ 1:tlstate 1" and Stateouto ats g and Q are
Ab3

respectively at st &Be @ Qreswbt st fransistor 16 becomeQ5con criyesiantdr 16
Isdt h;ls agfu {tstto%k%ttrcgﬁﬂmto;rlotm o8 converter 3. Rotb® B ligngatudraked
and its rotation can_increas agai n. ,

| f, just afteho F%@df gi“ onF gt MoHe N mSPEs hecepest lowds than desired

up- down count epeddi Ve.again at logic state "1", the 30 process

whi ch has gjgust beepk1 gsgg: ?egagﬁléepﬁﬁ@é‘ rJ@gtting input R ofpoﬁcﬂ%,ﬁ%ﬁxe of

rotor 3a With respec red an
whi ch obvi ousilyp dé8r &eRis asciFtake t"IQat' r‘eltl@r content of counggrjd>s

braked, is qulih‘i::b!%bJs)ést908§é @ei10.at each of signal SC’'s pliBded hivhadvance
becones zZero,

count 1 take state
"0", and rot ormS p%?eﬁFaz’é?}“gTe' this conten aBﬁ?ﬁeﬁnﬁ?m]"t nin
advance of it £idésiemetcaningd aralue sixteen, naquqmapmmmmluzpml.@s of

counter 1b,coR3eqyeid%haRd8$e8r flip-flop 13 had cBif& ‘dtate, output

Q of counter 15 passes to state "1".

Flip-flop 13 then again takes the state wherein its
outputs Q and Q are respectively at state "0" and state
L AL .
25 Transistor 16 is thus again blocked, so that rotor 3a
is no longer braked and its rotational speed can increase
again.
If, just after the following moment tm, output Q1 of
up-down counter 11 is again at logic state "1", the
30 process which has just been described is repeated. The
advance of rotor 3a with respect to its desired angular
position, which obviously decreases each time that rotor
3a is braked, is eventually becomes zero.
When this advance becomes zero, output Q1 of up-down
35 counter 11 takes state "0", and rotor 3a is not braked
again until it is again in advance of its desired angular
position and output Ql of counter 11 consequently passes
to state "1,



17 When rotor 3a is retarded with respect to its desired

angul ar position just after one of nonments tm defined her ei nbef ore,
output “QL of counter 11 is at state "0". As long as this
retardation is sufficiently small for 5 he content of counter 11 to be

| ess than 2[err], output Q of counter 11 is also at state "0".
Consequently, the outputs of gates 12 and 25 and outputs Q of flip-flops
13 and 24 are also at state "0". Consequently, transistors 16 and 27

remain in their bl whkadrstet Sans rnataydield atikhr redfectoito 3its demdired
short-circuit { Y.t . I | n di igP, dgj vi L argue
provi ded by %glﬁ&lﬁggr?é]%fgi?% a}lggt g’rffq%fano%‘g 8qqa eg&lesl mq“ 9%%&&%% _
defined her ei Riszednbefore, rattautoRdl ofpeeunter ik dis 3% shgte "Pemain or

tend to be becone gsepbfy ddarhieddredRRISH Y6 sdbficientdhip dreial Gajd on of
01 3 i N LEOBEEL o0 LEScoun SR 120 ANGULAL, Pl g iU tengs 10
retardation befommgnxﬁn ahd isotaksBaat s sitatedvdite GohbequenedpecttHed its
95511 0 0L SR L ps0Uuh Qlacks SLAULALC Ly PR o 1
I f the drivi ngnfoPduarpralseeat FLahe NP FgnsequeRbEHNeErIRsks tavEh 46 mit
torque CL def phgd 2erRinalief Gke theixt M RIKRE Htatle QRRY, 0¥ r0 R AR DY,
comver o1 1 PE5eT R Z5e! As8 el Lo, BURPLY gronerl the var ot
her ei nbef ore, accumifl, atix 2addision,t helne atddisdsig paoragakl ypuodraiged, kyo t hat
device 28 keepsingp¥qh Qe'gag%%a%e¥akﬂﬁn§%&he ah e 19eRongHiOler,
circuit 30 7 opena?e opeﬁly. he el ectrical enhergy necessary for this
operation is PRéEANERoDPHRIIPAECT A FotRELPPalhFPeed RE (FRIM o2 FRYof
device 28.  remainSbACEeddedlbe/ begoher GHéaber vilied deyiradnspeedgve. has
Sa ot its Ges rod FRPaci A RTEYY 08 ToLRE, 38 T (R PR W ghE cpeed
than sai d spedégsired anfolaxr Bwittivn bbysntends Heaydegomet aedtati on, with
respect This situation remains unchanged until the
retardation becomes zero and rotor 3a is in advance with
respect to its desired angular position. Output Q1 of
20 counter 11 then passes to state "1" and the braking
process described hereinbefore begins again. _

If the driving torque provided by mainspring 2
becomes less than limit torque CL defined hereinbefore,
the electrical energy generated by converter 3 becomes

25 insufficient to supply properly the various components of
enslaving circuit 7.

However, as mentioned hereinbefore, accumulator 29 is
then at least partially charged, so that device 28 keeps
voltage Ua at a value such that the components of circuit

30 7 operate properly. The electrical energy necessary for
this operation is then provided, at least partially, by
accunmulator 29 of device 28.
Since the driving torque provided by mainspring 2 has
become less than limit torque CL, mainspring 2 can no
35 longer drive rotor 3a at its desired rotational speed Vc
and, a fortiori, at a higher speed than said speed Vc.
Rotor 3a thus begins to have a retardation, with respect



to its desired angul ar position, which can no | onger be corrected in

the manner descri bed herei nbefore. When this retardation becones
sufficiently large for the content of counter 11 to reach its val ue
2[err], output 5 @ of counter 11 takes ggate "1", whereas output QL of

t he : later remains of course at state "0". As a result the

out put of gate 25 passes to state "1" as does output Q of flip-flop 24.

Since rotor 3a is retarded with respect to its 10 desired position, signal
SMis still att%tht:% dgsirgd spgularnppsitinnenwhbdchucan afo 1onger ope 24

takes state "Idorrect@d Aut tReOhathd® dé@cwb%a haﬁélmsé@éﬂs at state "0",
t he out put of gﬂée 23 .r.emai ns t st at ransls enai ns

bl ocked. 15 & SBF Sﬁlﬁﬁ ﬁﬁﬁ@ﬂ? Fbe?mégy ﬁ%’éﬂ'ﬁ%s °F the
angul ar posi t it werenioldfageudgepasdetoi reavhl iJES valuerd™t, tdﬂeﬁplbecorre

positive angl signa c%\ﬂrfé%tis 1t1ak.§ﬁeég§%er > ?;)at Shekeas! o%pgglﬁxt 5L s

to operate. was nmentione ef or €, St put | ay
20 21 generat ésattfrpl}l%lpé of aeiede Bt Btateel'O04-delay tine T has

el apsed since af or egTeNideaned ﬁﬁge&htétﬁ‘& of gate 28DaR8ekNts BHLEE +Li

out put Q of tlrre ela)é% kﬁs at £ afé % so that the output of gate 23
is at state "0 GO FEPRRsRsPor ]f"P SPofifuctive. 25 During this

pul se I C, coil 3b tSiuse erotees 3a pulsseretardedchwith| riespdesi ghat edts M
during whigh Iaeélsrewqio%qttel%n, sagnampghylgoghggi ba. sithé Pyt s \1.“4;111&

synchronous with pul se | C, sane de1a as the

ns a
latter with ré%%%qttﬂhﬁPoPé‘ﬁ%‘ttl dherf nﬁiéﬁ’t‘ flop a?f%i F@kee ﬁéé‘tt%e"%"fre
dulratlon D as mmpi;tpldscﬁfltﬁime %elay Zklt massmf fres edthhef ot e tchg; d’@h@p' y
voltage Ua is [eat t.ha eak value of vollage orow e
generator 3. Wt er® 1Ltel'%"”f/ealrbusle %‘?’Pa\fg’ﬁaq% ﬁba%ﬁ ‘J'h a%dh%ﬁ‘ %ﬁl se
IMis appliednenadgs b3bckedlis pulse IM 35 t hus causes a current to pass in
coil 3b, angl (NuS @hen MANAULE £oeldiify DRoRBRLI €4 | 2oile: AT ROERgRINCL

of rotor 3a. In a well known, manner he interaction o magneti c
field and t hat*Bfhi ¥RI® aﬁeﬁ@?éfzéanby’h@l"i'@ voltage Ug passes 1ts value
zero to then become positive and signal SM thus takes its

state "1", time delay 21 begins to operate.

As was mentioned hereinbefore, ocutput Q of time delay
20 21 generates a pulse IC of duration D after a delay time T
has elapsed since afore-mentioned moment tm.

During this pulse IC, output Q of time delay 21 is.at
state "1", so that the output of gate 23 is at state "0"
and transistor 27 is conductive. .

25 During this pulse IC, coil 3b thus receives a pulse,
which will be designated IM, during which it is subjected
to supply voltage Ua. This pulse IM is synchronous with
pulse IC, i.e. it begins after the same delay T as the
latter with respect to aforementioned moment tm, and it

30 has the same duration D as said pulse IC.

It was seen hereinbefore that supply voltage Ua is
greater than the peak value of voltage Ug provided by
generator 3. Whatever the wvalue of voltage Ug at the
moment when pulse IM is applied to coil 3b, this pulse IM

35 thus causes a current to pass in coil 3b, and thus a
magnetic field to be applied to the permanent magnet of
rotor 3a. In a well known manner, the interaction of this
magnetic field and that which is generated by the



19 per mmnent magnet of rotor 3a causes a torque to be applied
thereto. This torque will be called an el ectromagnetic torque in the
foll owi ng description to distinguish it from t he nechani cal torque
applied to rotor 3a by mainspring 2. 5 19 For a reason which wll be nade

cl ear hereinafter, this el ectromagnetic torque nust tend to cause rotor
dato’ rotate in the same direction as the mechanical torque provi ded
by mai nspring 2. For this purpose tinme delay 21 is arranged so that

10 del ay ti mepFroangntseagmetniath nodoyedn rousas pabtredie dio be wppligd Ug by
its zero val ugnalk-eFRNEMRinidN @'@Edﬁi@dwa.llh%e'dﬁleﬂé& eaﬁseteaﬁrbﬂasnathelf

period of said voltage | t I s thyus posit. ul se
IMis appl FEE'S g’e. Fh%?o %Qsé’%ﬁpggﬁﬁn'%?l tg‘rrﬁiﬂ'bls\l{’s %ﬁf’ dto
rotor 3a in rehpomechamiqal sorqilehagplibed to dﬁﬂudredadbyemaimspriﬁig 2 pul se
I M may thu% be ter Q Q eagghYW%idﬂ“ﬁ¥il e mad TLEE k?¥e§£ak%e

preferably arranged SO tine F saUbsTant
quarter of théhaérﬁéQCQUomgW%Qad?é’rwe PRBG hgn@umecatme §'th§'&¥5 3é1p;§I0| ed to

coil 3b Whircb@aval tﬁgetkle Q&ﬁ\ea Jidate: £40Sast @ hiel md@da V@ letorquihose
skilled in the art easj | unde&stand that, in t hese circunst ances,

the el ectri caPrB?{é?%% ]@Gpﬁ‘ﬁlr coil 3b during driving pulse IMis
used in the nost 2Boef thd.se@nrmlsleert,m@i e ayt2lr Ba adesanded an ahgwl ar

posi Ll on schablial, WiaeChedls PRIIEC dOEHUFLO.N €0 Lhe pakBadiiliot of

has a substan equal
driving pul seVPMta@’cﬁnvEgt JPY 3 itifus Z656r a¥a4us0 A% kONGRS ortman‘éeééﬁﬁérts

the electri Cahe@‘@&h%)éfb@‘éell‘éed.ess tﬁhaxi % Cgdlf Fpet b afcbamacablﬁawer For
a reason whi CB é@ ga rei nafteé dur tInOI’l L{Bﬁ | s puI se
TM whi ch det erffi'n Jt%ev?ﬂj ?‘T‘t@g 15 i B3P ﬁg?gy patl e yScoi |
3b, is sel ect eppliezlickoa oaiylt i, th@cBStheswleagrqmagne@cof tcmqh&ni cal
power is guff bﬁg‘fﬂ&éd) to 86€8keral eik otekp3Askl b hhast Sheegashaned ts

desired spee
des:.red direction. This pulse IM may thus be termed a

driving pulse.
Time delay 21 is preferably arranged so that delay
time T is substantially equal to a quarter of the period
20 of woltage Ug. Driving pulse IM is thus applied to coil 3b
while wvoltage Ug has a wvalue close to its peak valug.
Those skilled in the art will easily understand that, in
these circumstances, the electrical energy supplied to
coil 3b during driving pulse IM is used in the mgst
25 efficient manner, since rotor 3a has then an angular
position such that the electromagnetic torque to which it
is subjected has a substantially equal wvalue to its
maximum value.
During driving pulse IM, converter 3 thus operates
30 like a motor and converts the electrical energy received
by its coil 3b into mechanical power. For a reason which
will be made clear hereinafter, duration D of this pulse
IM which determines the quantity of electrical energy
received by coil 3b, is selected in such a way that the
35 resulting quantity of mechanical power is sufficient to
accelerate rotor 3a to a higher speed than its desired
speed Vc.



20 Those skilled in the art will understand that it is not
possible to specify the value of this duration D any further, since
such val ue depends upon the features of converter 3 and the mechani cal
el ements which are 5 connected to rotor zﬁa i.e. in particular mainspring
2 and . time display hands 6. Those skilled in the art wll however,
have no difficulty in determning this duration D I n each particul ar
case, for exanple by tests. In a prototype nmade hy the Applicant,
wherein the 10 perfbdsef skdlllade ibg thas a2%0 wid l1asderstan®s SHEY it is

descri bed her b er re Q I, hed King time
Al ?ogﬁbl\hé th %%%Q: f?sne@hia vajue ol%t (gﬁﬁ:ﬁ ) rgy

delay 21 in such at d
respectively dygah etro cOlnge afdch welue demﬁrm Immlhget lﬁaatsdrlelsl of

practical ly sysmiddeat, 3 nala@ Ehee, m)éfcham.%%qecblfe&et&es mm

vol tage Ug passes p S|t|ve val ue. | ong as ou Cgut Q

of flip-fl f&npgﬁﬁﬁﬂsgﬁt 1 oS lanP'FtSSu?%Ee‘F‘%b%S%r-‘EFFQ' V¢ pdul se
| M at each pertum odi:.splayolhaagis Ug orTidseashilewd W omhef &8EOkeiday

LT o 1,70, WBReBRE Bl S e AY 5ol BeblEnt il BTG oR AR N

driving pulse | M has aforerre gatare
of rotor 3a béBoRBSh BRTRiGHEAE caseghépr exatple ihys tessisr.ed speed Vc.

The retardation of IhOLOIpRR My B58ECH tQ;Hé SAp”;?lP@éAtE £dy,AagUlL A1 itio“
t hus dec“ﬁfi’)se§e de 1'% tQOﬁut cont ent o gunt er ) en_ t
retardati on bBCO! 0 %% oP93473S n‘gst@‘sbean t&'h?/aﬁéc?eml"tlhf
respect to itgedesibed hereitgmﬂ:%crrq:)osnemyogpodurasﬁl@ wére abitLinedl Hgai n
passes to 30 pgkahg E&m@nQeQH&pQE 0GyEhi B LA uﬁﬁét %%ia@g%H%epﬂsses to

state "0", so_that coil_3b no | onger receives
mai nspring 2 AHEARIPPHRWEEROLREPEALENE e fate, tO 6Pomsr Bad adaims,

becones ret ar gadsei tiM rvapagt ttrms tstill dpgheed canay %yzﬂ@étﬂealan% he
cont ent oflscogm;ngr Ht%S alcn aOg tonllélcre 4 0@ a hi s cont ent _
becomes edual foor r YA ‘%[eerr?? Ib%t‘faﬁla? QBObF QSUH?ePaffeégal n
passes to sta@§S"nea1armpsztrew;ﬁ vedse.descri bed herei nbefore I S repeated.

As long as output Q of flip-flop 24 remains at state
"1", coil 3b receives a driving pulse IM at each period of
voltage Ug or at each revolution of rotor 3a, which, in

20 the present example, amounts to the same thing. Since this
driving pulse IM has the aforementioned features, the
rotational speed of rotor 3a becomes, or remains, higher
than its desired speed Vc.

The retardation of rotor 3a with respect to its

25 desired angular position thus decreases, as does the
content of counter 11.

When this retardation becomes zero and rotor 3a
begins to be in advance with respect to its desired
angular position, output Q1 of counter 11 again passes to

30 state "" and output Q of flip-flop 24 thus again passes to
state "0", so that coil 3b no longer receives pulse IM.

If mainspring 2 has not been rewound in the meantime,
rotor 3a again becomes retarded with respect to its
desired angular position and the content of counter 11

35 again begins to increase. When this content becomes equal
to or greater than 2“‘“2’, output Q2 of counter 1l again

passes to state "1" and the process described hereinbefore
is repeated.



21 By way of non-limting exanple, the nunber n of flip-

flops of counter 11 nay be equal to nine, the total capacity of this
countef 11 then being equal to 2[err], i.e. 512. In this exanple,
driving pulses IMthus begin to be 5 geggrated when the content of counter
11 is equal to 2[err], I .e. 128. Rotor 3a thus has a retardation of 128
revolutions, or 128 x 360, with respect to its desired angul ar position.
As desired speed Vc of rotor 3ais, again in this 10 exanple, four

rﬁvol ut ihons pler seBpnﬁlaytdﬂB doisg iafi tingt éﬂaﬁpd pEE e ﬁhé#ﬁd&n&?ﬂ@mid:s—

The mechani ca wer o] n c pu I S,
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the art know wh or, ed apd_c S

t hus not shor%gggiu%\igﬂﬁ’te% rotorr%%ﬁs Slj}%jl et %}g % gob?g |?1&gest]%lr%ét

whi ch S géﬂ@ﬁ&@éc@%ﬂﬁﬂﬁponse to the sumof the current 25 consuned by

the various el ectrgagi aeegaﬁaan%@b%dofv@néfaybegr 3aCifisCUidgaimNgnt Ris
accunul at ?'B 29 char hose skilled in_.the_art al so know
r

T
Fhat thi s 1B aRFRTELS 1 OEGUE nASVORIHILT BOE | REGSRG g iR A0S ofh i on
time of rotdmeBiece.P.id Ivhusi B8 seqomdsd by rotor 3a to reach 30 and

pass its desired s By n escri bed
her ei nbef ore. he %%%Ils #,@g, z g{:ﬁélé?@ Qéa%%%s easl&ﬁ&‘@ﬁ %er st and
that, in a tiRepFecéMsgeness @f nepRrese 1fxmm Gopmnlatore 28 fsé'-roé'agiet i s

advant ageous Hevédes qrs St ohagecdtw C:&a35eta§dacalb&atré¢*@l@:pﬁglrrp&ws529
char gi ng rreﬂt %s limted ossi bl e sothat t he

accel er at i ]P@so?usf%tboerensg%sgrﬁhﬁg 5?3%@‘##% TR a5 Long

as accumulator 29 is sufficiently charged.

It is seen that timepiece 1 still operates properly
during a certain period of time after the mechanical
torque provided by mainspring 2 has become less than limit

20 torque CL defined hereinbefore.

Those skilled in the art know that, even when
trans1stor 16 is blocked and coil 3b is thus not short-
circuited, rotor 3a is subjected to a braking torque which
is generated in response to the sum of the current

25 consumed by the various electronic components of enslaving
circuit 7 and the accumulator 29 charging current.

Those skilled in the art also know that this braking
torque has the effect of increasing the acceleration time
of rotor 3a, i.e. the time required by rotor 3a to reach

30 and pass its desired speed Vc after the end of the braking
process described hereinbefore.

Those skilled in the art will thus easily understand
that, in a timepiece such as timepiece 1 described
hereinbefore, it is advantageous to design storage device

35 28 so that the accumulator 29 charging current is limited
to the lowest value possible, so that the acceleration
time of rotor 3a is thus as short as possible.



22 In the enbodi nent shown schematically and by way of
non-limting exanple in Figure 3, the tinepiece according to the present
i nvention is designated by the reference 31. 5 Li ke tinepiece 1 of
Figure 2, tinepiece 31 includes a mai ngpring mechanically coupled to the
rotor @f an el ectromechani cal converter and to nmeans for displaying

the current time, and the coil of this converter is connected to a
rectifier circuit. These various conponents 10 of timnepiece 31 are

desi gnat ed by t he shretheefembantioserds showrt hecloerteisyadnigt reond dogp oseent s£ of

HTepl eoe 1 anghutid fnfiting exdifgd°S! E1HR9%, NehE! €1RbREELIEY6R8I 8

| dent i cal ereto. | ec clrcul
ensl avi ng 15 t% 120 preeaeFoﬁaVeeséea éf Cesdemasedo bt thipsrekerepeed
Ve, which is dgsignated in this case by the reference 32. Each

| 32, wh d by th
o bronce ot one. ot i CBREARERIE Cf BoTRR Ay g bired oL R e 2 1o

identical to tmrﬁz@prapgerm%m]_danpeaéﬂvs ¢ouphedsdne rhixmerot'ﬁlxesef an
conponent s é%féﬁ%éhéﬁ&é&i' Sﬁ%efééf égﬁetgengﬁﬁﬁ¥ égﬁﬁsather

Moreover, all these conponenfs of circujt are connecte _
li ke the corr dnEUFE S SSmpbHBAL saéﬁi crpeuiqeil of \ghis fé‘ﬂPHS%é‘&thl ohs .

These except :c m‘dﬂed)etodesgécbeﬂlgg ditDMt:\m L;]:iati R AR rE 0B aSmabﬁeﬁegv _
conmponent S rcult I,C exi st incenslavi

circuit 781(9 ot é%ﬁéﬁjgece nﬁens eav‘?ensgl%nart% Qh? healﬁ%t]ee%?r?zl‘%%%l %?or
16 is not dircehe w@mmreﬁmm @mnemgs)foﬁ |tpqméprp:e131 andswikl thet case

in enslaving qid Chlschivdd hbaif GRWMECLEA30 {Re{Ne QU BEL Rferft AND gate
33 one input of which is connected to said output Qof flip-flop 13.

A second i nput* RS e 33 is connected to the out put Q of an RS type
flip-flop 34 mhoseﬁﬂmanié&ésBxxﬁﬂmmtbﬂcludEQ hheﬂrduﬂﬂ fifr aandNDrpadre 35

(ke the crhortnd sty 2o8ARIBELEah8ed 6e B Y clNES BEsBRLE S3eed ) 54
is sensitive ﬁﬁhtﬁgﬂcéaéﬁnéeSlg%ﬁkﬁé;kﬂ dhme §ﬁgﬁab$ vite oreflarenceeBles at
its inputs S and Each cémponent of enslaving circuit 32 which is
designated by the same reference as one of the components
of enslaving circuit 7 of Figure 2 is identical to the
20 latter and operates in the same manner. These components
of circuit 32 will not therefore be described again here.
Moreover, all these components of circuit 32 are connecﬁed

to each other like the corresponding components of circuit
7. with few exceptions. These exceptions will be described
25 now, at the same time as the few components of enslaving
circuit 32 which do not exist in enslaving circuit 7.
Thus, in enslaving circuit 32, the gate of transistor
16 is not directly connected to output Q of flip-flop 13
as is the case in enslaving circuit 7, but it is connected
30 to the output of an AND gate 33 one input of which is
connected to said output Q of flip-flop 13.
A second input of gate 33 is connected to the output
Q of an R-S type flip-flop 34 whose input S is connected
to the output of an AND gate 35 and whose input R is
35 connected to the output of inverter gate 26.
Like the other £flip-flops 13 and 24 described
hereinbefore, flip-flop 24 is sensitive to the leading
edges of the signals which it receives at its inputs S and



23 R, which neans that its output Q takes state "1" and state " 0"

I n response to each passage of its input S and, respectively, its input
R fromstate "0" to state "1". Moreover, flip-flop 34 is al so connected
tothe 5 initialisation circuit nmentioneg in the description of

timepiece 1, so that its output Q takes state "0" in response to the
initialisation pul se generated by this circuit. Gate 35 includes

two i nputs which are respectively 10 connected to the output QL of counter
11 and, via amR, whinlemeansg&het3bts tautithe: @QittpkesBtatesalt amdnsteatd l.

In enslaving Gigeuih Yosddifsdga! ity CpkERLe?Yr Obrs A0S did co 26
is not directly connected to, term nal 5Sc of rectifrer 5,7 as I's the case
in ensl aving &9RAILIVe i 1%s | inpPutcBnfdometare hel Ur EPnSéaten 1 ype
I\/ES transi st ﬁMor?Wermofei@Glﬂmﬂal | SLonnectLrsd 0 é@ﬁ?ebe@m nalo 5Q:§i9éld

t hus to e reference potential. . _The gate of .transistor 37.is
connect ed tgo t%ﬁo][ﬁ atfo%fc ﬁg&tggfgtégnﬁg\/ij%b ﬁ}\% fiﬁﬁﬁf:%p é?ﬁecqg vel y
connected 20 twimepirce Ql,ofscotimier its aubpul aQatakesersatgpddi'ngin

gate 39, Lo LR e 98k iZicialisatiddpilalshehatatfa HANSL O 37

I's blocked or _ “caonductive according to ether 1ts"gate 1s at "state "0"
or state "1" %45t is of the n type and its source is 25 connected to

the reference potefatadl .35 includddietwpeinphos Ghithmepiecaespedsivalry t he

nost part identical .to that o | nepiece f FLgure.2._ The tails
of the opelroat icooﬁl% cc‘f?c?regf’eggl%lgmgﬁ ég r?o)i1 g%%régggi ﬁ.l art‘%’e gLFI i ng
descri ption cdmuenrerbgateudt. i te tthe J0touscRR pef osrist adwatepedadti on of

timepi ece 1 which was JHRA8vinghel fRef N €.the negatife t8rhi€aLaSEHs Ar
timepiece 1 of Figure 2, ,outputs d of countgr 11 of tinepiece 31
S

an
are both at stSiFage devigreds 1f ROBLIFUIN EPPERCEeHER b HRA NI 1h
respect to 35 dff rededifiest Sngakais peise tdae ianeénwllewihyi siretdt dat ik i S

relativelyysmald S NeG NG SOVSUnLabNF bl o %88 %Mos e LML ALK "]
37, whose source is connected to said terminal 5c and thus
to the reference potential.

The gate of transistor 37 is connected to the output
of an OR gate 38 having two inputs respectively connected

20 to output Q1 of counter 11 and, wvia an inverter spacing
gate 39, to the output of gate 23 )

Like transistor 16, transistor 37 is blocked or
conductive according to whether its gate is at state "0O"
or state "1" since it is of the n type and its source.is

25 connected to the reference potential.

The operation of timepiece 31 is for the most part
identical to that of timepiece 1 of Figure 2. The details
of the operation of timepiece 31 which do not appear in
the following description can thus be found in the

30 description of the operation of timepiece 1 which was made
hereinbefore.

As in the case of timepiece 1 of Figure 2, outputs Q1
and Q2 of counter 11 of timepiece 31 are both at state "0"
when rotor 3a of converter 3 is retarded with respect to

35 its desired angular position, and when this retardation is
relatively small since the content of counter 11 is less
than 2%,



24 In these circunstances, the output of gate 12, the out put
Qof flip-flop 13 and the output of gate 33 are at state "0", so that

transi stor 16 is bl ocked. Li kewi se, the output of gate 25 and the

output Qof 5 flip-flop 24 are at state 0" so that the output of gate

23 is at state "1" and the output of i nve?d er gate 39 is at state "0".
The output of gate 38 is thus at state "0" since its two inputs are at
state "0" and transistor 37 is bl ocked. 10 If, in addition, the

driving torque provifleghdye ciFRUMSEPARcEs 2 'tﬁe%ee%gﬁcggar@g% ﬁfﬁ;,?' tt:lté%d o

limt torque CL t he rof.atiqnal eed of rotor

become hi gher THEPY 13 cl){esq[]'rlgd'%gﬁ@eigvﬂdaﬁhet AUtPUt  f B dH IFesAFd

rotor 3a with stesgeEecto*t,osbt shaestrakikroanqsl as posikedn tends to becone

zero. It is.; hat_;. | cir tanges I,ch have j,us been
SLl%(%%Ste tthe Qzu ?lt Ofc Ine Pﬁ.‘rgan\@q t(he o] teqdl‘tneé)i%%e

described and contrary to that” which occur case 0 1
of Figure 22 tHelRiflar 24 corthel ithte 'HEt vieernchatorthe dubwe o8 ol

rectifier 5 i93nHerdtpieske 20 AR Yudfiofof NirStiagsKevige; 28

t hus cannot absorb any, cyrrent  whatever its state of charge. The
current which ‘-’htassﬁaot%ug%l q@lﬁw\fﬁ#tpé’rt P5 FARSE I HHYE 2t 1$1R%Rd" 90 that
whi ch i s absorsiathe dfttsettwoedhphitsastremt steffeecttedahd reahstseor537byst he
ot her conponergl%c@{edZ_S enslaving circuit 32. Consequently, the
braking torque applied to rotor 3a in response to the current provided
by convert¥t 3, andf: itRuddHciqnwe GhecHirisving esoxgpe oprouidedotky 3a

to  recover ndihdptiaidat iign gMebilekesRRAT ot Ocihis1 US| 1 Bk S0cSNQM aFL,

posi tion, aret!hesse% a%hg%g{egent ca?e of tinmepiece 31 thantl n § he case
of timepi ece 101 gu tonal Spepd 8L &P Mk ngeRYLa °F tend tgg
conversely, adwgemne tihighercursamncigss wiledithede spe¢distVvdeeramntdsarlided,
the driving t gy Hus- | ; | ' i ]ﬁsﬁﬁt . 1 m ue
CL, the rot atiq:)nal d’Hé?L‘SHng{jk (%él%t%%d?g%{de%tﬁ% ﬁseeg st aér%)air!'fésg (r?e%sl’}ixg%fgspeed
Ve and ¥he aPPEALHPR reRnS §2 RECRMPeZPERt to its desired

angul ar position inaereasesen that, in the circumstances which have just
been described and contrary to that which occurs in the
case of timepiece 1 of Figure 2, the electric connection
between storage device 28 and rectifier 5 is interrupted.
20 Accumulator 29 of this storage device 28 thus cannot
absorb any current, whatever its state of charge. The
current which has to supply converter 3 is thus strictly
limited to that which is absorbed, after rectification
effected by rectifier 5, by the other components :of
25 enslaving circuit 32.

Consequently, the braking torque applied to rotor 3a
in response to the current provided by converter 3, and
thus the time which is necessary for said rotor 3a to
recover its retardation with respect to its desired

30 angular position, are less in the present case of
timepiece 31 than in the case of timepiece 1 of Figure 2,
all other things being equal.

If, conversely, again in the circumstances which have
just been described, the driving torgue provided by

35 mainspring 2 is less than limit torque CL, the rotational
speed of rotor 3a remains less than its desired speed Vc
and the retardation of rotor 3a with respect to its
desired angular position increases.



25 When this retardati on becomes such that the content of

counter 11 reaches the value 2[err], output @2 of counter 11 passes to
state "1". Since output QL of counter 11 is still at state "0" |,
5 transistor 16 remains bl ocked. 26onversely, since output @ of
counteg 11 is kept at state "1", the output of gate 25 passes to state
"1", as does the output Qof flip-flop 24. During each pul se

ICsu lied by the ut,of tinme 10 ,del 21, the output of gate 23
passegpto sta%/e " %ﬁﬁ %Prls reﬁﬁfégtf?ﬁngﬁgf’@?sZ?uEBnt}éFl \Fée content

Si nul t aneousl y oft heunuepull readifes mher traluga? @49 eutput gz &S Or@UHtRs
out put of gat elgsg seQati% stte Stlat e "1" so that transistor 37

becones con a result, during each pulse IC, storage
devi ce 28 i s agﬁ%ﬁcéo‘hwé’@#"edﬂt ®F trountren U donstiididt sttofstartsd aving
circuit 32 andtraﬁsﬂgtércui &rematlastb@aékéapr 27. As in the Case of

ti mepiece 1 of Figu [o30) converter 3 thus receives,
response to each pu{:glé prse jaY'zos’cﬂ‘f"vﬁ’rﬂ:Pd{H L2 19 woyntexndils dsr k?Pt &ﬁd t he
el ectrical séabegy 1Suppheedutputhbs gatke 36 guskag sai dtdtevivng,palsse

IMis suppli eddggsagﬁélrgﬁ%;,&r chal fl:. _f o;lr Xgewi se, if accunulator 29

contains sufficient each pul se | M causes an
accel eration of 25 Perbrg 3aa§hcmu-’emt I‘f—' h%uﬁﬁlaeﬁohﬁl thpeedtphbr off thmeones

or remabnsdélgpezi} hee ldtﬁ:}ﬂl%s lolfeg‘aééeﬂﬂ %/gfs@@dté haate wept a%ﬁjx%tchon of

t 3 th to its sition tends ‘to become
;gr gr al ? h\cl)mugh {rn%ﬁg%%,@ Ldor ?%Ir &ng?ﬁ‘p'bVFedsb’?uﬁ’éﬁrf’Fs‘ﬁH ¥y Fhes quEpEtt han
limt torque 39fCinverter gapgaih,amd ithdrefaase tife mthe?E yaek Bisgure
2, output (Bagk ceunt gk all oh it ngpi egg 3l E%éﬁ £ 'y be¥h§gsr0tor

3a of converter 3. is advanced with respect to esired angu
position. MreB9RMCct¥vehis advance is 35 relatively small and the content

of counterlil is great®rresulthamiuringgealcH @ul sl acr,] stovhpdt aggkiek ggunter
11is also f& 2&2{5 é%ﬂnected to the various components of enslaving
circuit 32 and, in particular, to transistor 27.
As in the case of timepiece 1 of Figure 2, coil 3b of
converter 3 thus receives, in response to each pulse IC, a
20 driving pulse IM via transistor 27, and the electrical
energy supplied to this coil 3b during said driving pulse
IM is supplied by accumulator 29.
Likewise, if accumulator 29 contains sufficient
electrical energy, each pulse IM causes an acceleratioq of
25 rotor 3a such that the rotational speed thereof becomes or
remains higher than its desired speed Ve, and the
retardation of rotor 3a with respect to its desired
angular position tends to become zero although the driving
torque supplied by mainspring 2 is less than limit torque
30 CL.
Again, as in the case of timepiece 1 of Figure 2,
output Q1 of counter 11 of timepiece 31 is at state "1*"
when rotor 3a of converter 3 is advanced with respect to
its desired angular position. Moreover, if this advance is
35 relatively small and the content of counter 11 is greater

than or equal to 3.2"%, output Q2 of counter 11 is also
at state "1%,



26 In these circunstances, the output of inverter gate 36 is
at state "0", so that the output of gate 35, the output Qof flip-flop
34 and‘the output of gate 33 are permanently at state "0". 5

Contrary to that which occurs in tinepiece 1 of Figure 2, transistor 16
i s thus permanently bl ocked in this cad®, although rotor 3ais in
advance with respect to Its desired angul ar position. However ,
the output of gate 38 is pernanently at 10 state "1", so that transistor 37

|5 conduct [ve and oflaifee oLRMEARRdS ca{wea;%t YEURALIDEN e 10

rectifier 5 éam of course to the ot her nponent s avi n

circuit 32. 15 akc GRRtA 00"20 SA ©2RF aE)]éedQVFEBtZSft Iﬂ?é:epe}%nﬁh?l y 15
absorbs a chargitutuQr efit AliesE liopt SUsidnd | chgreatputt BE gatwed3 earéhe

gquantity of el 'c .0 ,in said accurul ator 29 and the
hi gher the ma>§rrum cg%:a?n?t ¥'t§{:%ereo Thi s accunul ator 29

charging cWrent i SovFausl yoszsaﬁppWhéGhbwmrﬁar Bimephecectli fd:ér 5,
and thus C%dﬁi@é‘t 83 t&ah@&s%%atw)wf Eﬁﬁé B&%&Hﬁnﬁ:@&qgﬁcﬁg{rgl - to

rotor 3a. IS e een that this accunul ator

current nust B gﬂ“?e?e't ﬁ’gﬁhgﬁggr?%ﬂrﬁ%%s J\Mﬂlaé’f%ezwlﬁhgﬁéﬁpﬁﬁ‘é E‘Peater

the driving tatpelgyirededghyar pesiviseir.i ng 2, so that the braking torque

applied to rotor 0s t o] tati onal speed han
nclfeddBP0ERg) SSEERE, b nUREe! T 17 chortRE SaanCe of

desired speed Vc. tion®rs
rotor 30 30 wigthtesheot Stoothﬁii §§§m$bﬁt%mgiﬂ drs @@@duc@mvaeenéas%rage

al though, in tdusidases u 2885hie Oed S dBsdIGhe BNV E to SEck{ PUS, doES
not short-circui cg)g Thi s |tuat|on obvi ouslf):( does  nof change
r

as long as  FUtor °3a ‘F%uﬁﬁ9ar'fr,°edt¥7ﬁftt? eCPUPETERL SRt r SPSARHRSF 35
position and tdieccadduddl.at or chargi ng current remains hi gher t han the

limt value defi ”9‘1}%%@ bchfrorz§ of storag fd&@%é?aﬁ'é’a&% r?ené”dy
becones zero whil e I'ng curren iS'S r éa an sai limt
val ue, 15 absorbs a charglng current whose 1nten51ty is greater the

smaller the quantity of electrical energy stored in said
accumulator 29 and the higher the maximum capacity
thereof.
This accumulator 29 charging current is obviously
20 supplied by converter 3, via rectifier 5, and thus
contributes to the creation of the braking torque applied
to rotor 3a.
It is easily seen that this accumulator 29 charging
current must be higher than a certain limit, which‘'is
25 higher the greater the driving torgque provided by
mainspring 2, so that the braking torque applied to rotor
3a imposes thereon a lower rotational speed than its
desired speed Vc.
If this condition is fulfilled, the advance of rotor
30 3a with respect to its desired angular position decreases,
although, in this case, transistor 16 is not conductive
and thus does not short-circuit coil 3b.
This situation obviously does not change as long as
rotor 3a is advanced with respect to its desired angular
35 position and the accumulator charging current remains
higher than the limit value defined hereinbefore.
If this advance of rotor 3a becomes zero while the
charging current is still greater than said limit value,



27 outputs QL and 2 of counter 11 then both pass to state "o,
as does the output of gate 38. As a result, transistor 37 is again

bl ocked, so that accumul ator 29 no | onger absorbs any current. The
braki ng torque applied to 5 rotor 3a is,then only caused by the current
absar bed by t he ot her conponents of % slaving circuit 32 and the
rotational speed of said rotor 3a can again pass desired speed Vc.

I f, conversely, the accunulator 29 charging current 10 becones |ess than

the limt val U@udpﬁtﬁeQ1h9.hdl phelbdr e:ountezbeﬁlort_q;émao@éyags&@s Ofol 8kREe3a
has become zergp,,this \{: C g %n % decr ease s nd even |nqc)reases,
since the Br akidg t‘%ﬂ?ﬁje z’p?pl PREPES rBEor93%ec SonBerr $Fpo5e

t hereon a | owetrapebstohad’7 iis atesin dlayedd Yo thih accumﬁmatomnﬂenhoof
counter 11 thus H&&gﬁg&bé b Chfrent . 155 Brakidh W%%%tha' 2pBRRLaNty

becormes | ess than 3 e out put Q@ of count
"0", while duthRtor 32 & Ff‘?@Pe(?Pléfb\ﬁa&fﬁ%/ b}@n‘gf.q]gc%r%xggt@bsqrbed by

The out TFEUt of tlﬁléerbtterexgaéernﬁGneﬁﬂst leef Oélﬁﬁuavﬂﬁggail&ctﬁ(t 352'[ hﬁﬁi pggas to
state "1" 0 t t put
Q of flip- fI op § p%é%%isj ??%%‘%a?% Qi;,é POtmf n3?e§fﬁ3n§%af"6 Pﬁﬁspggﬁlﬁﬁa ;

measuri ng- si gnsppeSMVad st at e "1", the output of gate 33 also passes to

state "17, which 2% ITBkSSd 5 A0 St Ge 1S EaNGEL s e20 UBhLE g1 R BUERULLQ Of

tinme Iay 21 itself pas esto st af ransi stor
i s conducti¥e, ‘?‘E°’§ﬁ6rllec°'?r arg the tb‘i“lltSé{a&h‘G dafined naergipbgfore
ti mepi ece 1, theférakithe advamcguefapmicd 8a &mg)rbaaomapmthenesn a

| ower roté@m é&%t%%egaaga&aaggé' rgr? m%cs,atsl s, sinddC Eﬁdvance

of rot or 3a w th respect eases
al t hough the R¥UFiNGtBPraue zgpéhaﬁgtﬁgr@@pre@ta @n ey 1orger hbmboaet

val ue defined therdii & ngker §pee§5than 1tg1'd%s§.hrbaa§b8éﬁr\?ém' ns unchanged
as long as éotor respect to Its desifred angul ar

posi tion, tr a@'f%t‘b‘? Swﬂ's\t%{ltcc&}’}ﬁﬁ t3hotReF | degreasesic iR eF8F it Ron

of rotor 3a. case, and when this content becomes less than 3.27%,
output Q2 of counter 11 passes to state "0", while output
Q1 thereof cbviously remains at state "1°".

The .output of inverter gate 346. and the output of gate

20 35 thus pass to state "1", as. does output Q of fllp-flop
34. )

When the output Q of flip-flop 13 passes to state "1
in response to the passage of measuring signal SM to state .
*"1", the output of gate 33 also passes to state "1", which

25 makes transistor 16 conductive, until the output Q of time
delay 21 itself passes to state "1".

When transistor 16 is conductive, it short-circuits
coil 3a and, as in the case of timepiece 1, the braking
torque applied to rotor 3a imposes thereon a lower

30 rotational speed than its desired speed Vc.

The advance of rotor 3a with respect to its desired
angular position thus decreases although the accumulator
29 charging current is less than the limit value defined
hereinbefore. - '

35 This situation remains unchanged as long as rotor 3a
is advanced with respect to its desired angular position,
transistor 16 short-circuiting coil 3b at each revolution
of rotor 3a.



28 When the advance of rotor 3a becones zero, outputs QL and
Q of counter 11 both pass to state "0", so that transistors 16 and 37
are again permanently bl ocked and the rotational speed of rotor 3a can
thus again pass 5 desired speed Vc. It can be seen that, in
ti mepi ece 31 which has just been described, at |east a portion of the
el ectrical energy generated by converter 3 when rotor 3a thereof is
i n advance with respect to its desired angular position 10 and its
rotational speed miBtert lthechdvenbe dfcreasedd dbewomes kewey watpetsh@b
desired speed dgq S dipedohficEhange poenaGaWI! ah 052801 3 OF age eyl ce
28. In tinmepiece 1 of Lgure 2, however, thrs sane portion of
el ectrical endi¥prsistepshelataadi 37t RESe agadd Hegmanentdiys Plnakeatl hyndhe
Joule 15 effegie #BtAkYohAlCGdestd 6f LY L84 FadNChhist R3ASKSIPEss 16.
As a result e_.aut nongdaﬁ timepiece 31 is further I ncreased, al
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ot her thi ngss b eﬁ‘?‘d'”e

h respect to t he autonony of tinepiece 1.
20 Those ski | 1T&d dan thee ssen wHat edsi | yimerdercst &id viliath has i fust
timepi ece 31, dded Saad¥aqbageoust t 948 deyi.c é?_- t the
accunul ator 29 cehargi ng c%r 9entL§‘-Ts eggun%]n?%ggggg QI% ?ééuﬁerlg% %%ﬁ

char gi ng cur r GRETSEY FGenerarnd By FALRtER e Wheh & sy Sawtrkerert ubsl at or
29 risks 25 hiai ngiean@gedith respecti keWite, desiredlapnaduantagousnt o

sel ect cumy at.or 2 Q that its.nom pal,capacity is.as high. as
possi bl e. £ B aiﬁs irsoq;s%é'ﬁ afPERE ?ﬂfgngﬁﬁrggoﬁet?ﬁe‘ﬁ?‘é’é%ag%‘?:g\;%li?19 30
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As a result, the autonomy of timepiece 31 is further
increased, all other things being equal, with respect to
the autonomy of timepiece 1.

20 Those skilled in the art will easily understand that,
in timepiece 31, it is advantageous to design storgge
device 28 so that the accumulator 29 charging current is
unlimited or, if required, this charging current is at
most limited to the value above which accumulator 29 risks

25 Dbeing damaged.

Likewise, it is also advantageous to select
accumulator 29 so that its nominal capacity is as high as
possible.

It is seen that the autonomy of a timepiece according

30 to the present invention is markedly greater than the
autonomy of a known timepiece such as those which are
disclosed in the aforementioned European Patent
Application Nos. 0 239 820 and 0 679 968.

This is obviocusly due to the fact that a timepiece

35 according to the present invention includes a storage
device capable of storing, in the form of electrical
energy, a portion of the mechanical power stored in its
mainspring, as well as means which allow this electrical



29 energy to be used to operate the tinmepiece after the

mai nspring has been conpletely |let down. It is obvious that the
increase in autonony of a ti mepi ece according to the present invention
cannot 5 generally be given a nunber since it depends upon the

features of its various conponents, and 4T particul ar, upon the
capacity of the accunulator formng part of its st orage devi ce.

It is seen that if this capacity is such that the 10 quantity of electrical

ener gy that tr&l@ﬁgymbatw 6384 toStc%@ré.@e mphe %xd@i%@&uakttee thad
whi ch correspond.s to., ilaF guantl an| energy E2 defined
a

her ei nbef or e, PAIRSRY NG| BET § 9%%9? 3% FE§@m@bual to the quantity of
mechani cal energy Et alsoobiefioned thartei tibef dneretbe in autonomy of tde
timepiece is | y al.l t g ual_,. . wth
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35 herei nbe{]ore are e autono of a tinmepiece st orage
devi ce i ncFudEHLRRITENO cctﬁ’fﬁJI%‘c’b?P’r%ce 1Furﬂ@?€rt1|°rﬂ9rléés‘éﬂubled all
other things being equal, with respect to that of a known

timepiece of the same type.

However, the mainspring of whatever type of

timepiece, is generally rewound numerous times before the
20 mechanical torque which it provides becomes less than

limit torque CL. As a result, the mechanical energy which

is available after conversion into electrical energy, for

charging the storage device accumulator of.a timepiece

according to the present invention is generally much
25 greater than mechanical energy E2.

It is thus possible, and even desirable, to fit the
storage device of a timepiece according to the present
invention with an accumulator having a capacity such that
it can store a greater quantity of electrical energy than

30 that which corresponds to quantity of mechanical energy E2
defined hereinbefore. Despite its significant capacity,
this accumulator is generally completely charged when the
driving torgque supplied by the mainspring of this
timepiece becomes less than limit torque CL defined

35 hereinbefore. As a result, the autonomy of a timepiece
whose storage device includes such an accumulator is
further increased.



30 It is obvious that nunerous nodifications can be nade to
the tinmepiece according to the present invention whose two enbodi nents
have j Ust been described, without departing fromthe scope of this
invention. Only a few of 5 these nodifications will be nentioned

herei nafter. Thus, for exanple, t¥bse skilled in the art will see
w thout any difficulty that the converter of a tinepiece according to
the present invention may include nore than one coil and/or its rotor
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sever al bi pol ar or magnet s cases
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On the ot hed hddreke mmcagxoﬁs toimicl Ir M memgibasd hepamdfitar .of t he
converter rotor of g }d %@%&ﬁ@ﬁgrdeﬂsséoskmag PLCERO! aLEVEN1] OBeLO TLS

desired angul ar_ position eved erent manner to T hat

whi ch has B@éh%ﬂﬁ@%@%f@%t e nreTeey iR hineeiece
di sclosed in éﬁd&cﬁf@iﬂg %@dtlﬁlrwnfaixﬁf‘énm|I£ﬁ95ilﬁibludé\|%oﬁe239a§20-

25 The neans ener drivin ses esi gnated | M
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two driving [ngfﬁgiéy d%aﬁﬂlég-ﬁﬁiéf) deie vol tage generated by the

converter. |In such a case, advant agequs_for_one of  these_driving
pul ses to be poé?%|§H§haﬁ&S§§plF€8 PSrPHQ eénteet et tesnatipgnveheage
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said voltage.
On the other hand, enslaving of the real angular
position of the converter rotor of a timepiece according
20 to the present invention to its desired angular position
may be achieved in a different manner to that which has
been described hereinbefore, for example in the manner
disclosed in aforementioned European Patent Application
No. 0 239 8290. '

25 The means which generate the driving pulses
designated IM in the description hereinbefore may also be
modified.

For example, these means may be arranged so as to

generate, when necessary, two driving pulses at each

30 period of the voltage generated by the converter. In such

a case, it is advantageous for one of these driving pulses

to be positive and applied to the converter coil when the

alternating voltage generated thereby is close to its peak

positive value, as in the examples described hereinbefore,

35 and for the other of these driving pulses to be applied to

said coil when the voltage is close to its peak negative

value. This latter driving pulse must obvicusly also be
negative, so as also to accelerate the generator rotor.



31 It is to be noted that the nunber of driving pul ses

applled to the converter coil at each period of the vol t age generated by
t he converter, when necessary, nmay al so be greater than two. 5

Agai n by way of exanpl e, the driving pul sg;generating means may al so be
nodified so that the latter are generated in different conditions to

t hose which were descri bed herei nbefore. Thus, these neans may be
arranged so that generation of these driving pul ses begins and/or 10
ends earlier or |at®c ibhahohke hebeddtbati bbd. number ofir Artving, pahdeagai n
for exanple, !B85¢iBRANSo MRAP SCony b EERIRSII0 A0AkauaNaL10A Ie OBLY
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br aki ng transrstor,” "i.e. transis ure

conductive or Eﬁﬁék@ﬁlﬁan(ﬂﬁqeﬁ@ﬂlncéﬁﬁaMXﬁmPkﬁgnéhese Pelapes namnbehose
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rotor with respect to this desired angular position, and

=

not as soon as this value indicates that the retardation
of the rotor has become zero as in the examples described
hereinbefore. leerse, these means may be arranged so
20 that generation of the driving pulses begins as soon as
the comparison signal value represents a retardation,
however small, of the rotor with respect to its desired
angular position.
Likewise, in a timepiece according to the present
25 invention such as that which is shown in Figure 3, the
enslaving circuit can be arranged so that the braking
transistor, i.e. transistor 16 of Figure 3, is made
conductive or blocked for different comparison signal
values than those which were mentioned hereinbefore. In
30 particular, this enslaving circuit may be arranged so that
this braking transistor is already made conductive when
this value is still higher than 3,2“””, the advance taken
by the converter rotor when the storage device accumulator
charging current becomes less than the limit defined
35 hereinbefore thus being able to be reduced.



CLAFMS-—— 1. Tinepiece including: - an

eI ectro converter (3) including a rotor (3a) having at | east
one perﬂmﬁmnmu | east one coil (3b) magnetically coupled to
said nma at| ng a first elegygical energy in response to a
rotation of said rotor (3a); - a nmechani cal power source (2)
mechani cal | y coupled to said rotor (3a) for applying thereto a first
driving torque causing said rotation of said rotor (3a) in 10 a determ ned
direction and atlL&IMBt ational speed hi gher than a determ ned desired
speed (Vc), said rotor (3a) having a real angul ar position which

fluctuates per man dyring, sai d,.,rotation; - nmeans for
di splaying tine infor '4 C'Sfe ‘%é’%ﬂﬁi‘cal |y coupled to said rotor (3a)
and to said mechani can palertsmedaniz)el awhverter (3) eﬁlﬁbmtamggrraans

(7:,32) ol udi agegpanssfs daduhl) o, JOle O°0EL ALLAR A COTRALLSONBHONE

havi ng a val ue represénting an u
posi tion of salaeﬁﬁFoPn63§Plénd3§)d@§9P§61§ﬁ§&YaF°ﬁB§P§| &R salﬂhmggnet

fluctuates rsgulﬁarlgeﬁérasaiﬁig dedired speedr{ys), erdthy irbraddpithsdeansa( 12,
13, 15, 16; 12, %tft%x ,Sagi_? }rgtg]p)wgérespondl ng to said conparison

signal to apply a ue i ing a | ower rotational speed on
said rotor 25 (3a) Tha@ s&‘ﬁ&hé@s}-lqaéd Ppred (¥ewraken(2hi dnefhsévicaddy

constitutes an agupnee eb said keabramgabafoeoabbwmngf ther&8bdarl e4@kt(3a)
with respect to §§|dd$|red an I n_that

cterised
sai d ensl avi ng FEaRs{ 7058 £ g‘?ﬁ@? %1#)%%?%&803?@?1‘%95% 2‘% a)pdn; g
28; 21, 23 i8 28, ds%zemlnedsg)-reesp@mdang ab gan:dte(bupaaﬂ-sspesdghabhteu

apply a second thafll Vi 981G t&e§ﬂélifgb@éd( 3@k al Ss%lQianéf'&rSQBQ%
rotation of sai rotor %Sa)(fér;lsald eterm ned directian d I gher

an
rotational speet® r &P 3%°f?7&}°%he?‘l’hs‘éil'ﬁ cﬁ#‘?%\“éﬂ*&@sl s a
retardation of parmhn@‘aily duzigyl seidpodithitdonpf said rotor (3a) with

respect to said - means for displaying time information (6)

15 mechanically coupled to said rotor (3a) and to said
mechanical power source (2); and

- enslaving means (7; 32) including means (8 to 11)

for generating a comparison signal having a value

representing a difference between said real angular

20 position of said rotor (3a) and a desired angular position

which fluctuates regularly at said desired speed (Vc), and

braking means (12, 13, 15, 16; 12, 13, 15, 16, 33 to 36)

responding to said comparison signal to apply a braking

torque imposing a lower rotational speed on said rotor

25 (3a) than said desired speed (Vc) when said difference

constitutes an advance of said real angular position of

said rotor (3a) with respect to said desired angular

position;

characterised in that said enslaving means (7, 32) further

30 include control means (21, 23 to 28; 21, 23 to 28, 37 to

39} responding to said comparison signal to apply a second

driving torque to said rotor (3a) also causing said

rotation of said rotor (3a) in said determined direction

and at a higher rotational speed than said desired speed

35 (Vc) when said difference is a retardation of said real

angular position of said rotor (3a) with respect to said



33 desired-angul ar position and said retardation is greater than a

determ ned tion. T 2. Tinmepiece according to claim1,
characferi 'Z@a d control neans (21, 23 to 28; 21, 23 to 28, 37
to 5 39) algo d conpari sonsgi gnal to stop appl ying said
second, drivi ng torque tso sal d rotor (3a) when said di fference has becone
zero again. 3. Tinepiece according to claiml, characterised in

that said control neans (21, 23 to 28; 21, 23 to 28, 37 to 10 39) also
respond to Saiéhﬁﬁwaéﬁé@lhﬁiﬁﬂﬁitiﬁnshﬁa saidppleyifdatdioth Secantkdttewi ng
torque to sai otor (t 2 ep $€ difference is an advance of said
real angul ar t 9§ eé‘airﬁ e ?%a) wWth respect to said desired
angul ar position amd Timepdevranaccoxrdinegatter dlledm 4,1 shbstamterisseddimance.
4 LoD eCe RO Sl kst 32008 fa0dal oy, Hakoosed epTESO

means (21, 2 ude st or age’ means (28)
for storiry @%ecaido resmand cio eseidy CFQ}PIP@H:LE?na PbeRASN BP AP rst

20 el ectri calashmptigagdiar %eﬁ{d@g&ﬂﬁ@ngs the g@&olab s8hdd rotREONta)
driving torque in nse secon el ectrical energy stored
in said st orgﬁtﬁ%éfdsé@;éé%ereme hasa%ecqtf“?mﬁ%%@g&l@ordl ng to claim4,
characterised in 3.t Mdmepdiedec @voriddng o gzEmtles mirhdtestsedetnri cal
25 energy un an__al ern g.volta ( viBg e Iy rst
and second p(c)"-l ti}n e{-'ﬁ:lqtrln Rl Y- 831 Ugén?rgo fre%%sa%% £8%§ 8£621
23 to 28,187 39 3¥lsw eresm@mg@d saids compppligono sagnadoi 1:0(333909\/\,hen

sai d al t eré{?gfiﬁfgm?fogé ae éé&)nc{‘aérféiﬂgf 't'b%’qu@'t?é | §)Yiqardddcy 89a)

driving pul se aving sard first polarity, said second, dri vi ng
torque being "&}ﬁﬂl %ﬂl@odé-§if§rleé‘t3@r is3Pn Vanc?e@ﬁoﬁéédt Feak prgriar

driving pul ngféi\ﬁlon of saidbrotbieRBase wdetordsp@dto 1t adid, desired
char acteri se

that,said conirol . ﬁe iélé 23 t0 2e8 2r1 é%to 28,
37 to 35 39) %ﬁ%u%\?Far%%%l%b 3s f GPERer 2 APPRG St - Safd LS (5
when sai di3l téstratminged ddvagee(.Ug) has said second polarity, a second
driving pul se also @.a\@i%p%.%c% %%Q:Qﬁ%ing to c¢laim 1, characterised in
that said control means (21, 23 to 28; 21, 23 to 28, 37 to

39) include storage means (28) for storing a second

electrical energy formed by a portion of said first
20 electrical energy and are arranged so as to apply said
second driving torque in response to said second
electrical energy stored in said storage means (28).
5. Timepiece according to claim 4, characterised in
that said converter (3) generates said first electrical
25 energy under an alternating wvoltage (Ug) having
alternately a first and second polarity, and in that said
control means (21, 23 to 28; 21, 23 to 28, 37 to 39) are
arranged so as to apply to said coil (3b), when said
alternating voltage (Ug) has said first polarity, a first
30 driving pulse (IM) also having said first polarity, said
second driving torque being applied to said rotor (3a) in
response to said first driving pulse (IM).
6. Timepiece according to claim 5, characterised in
that said control means (21, 23 to 28; 21, 23 to 28, 37 to
35 39) are arranged so as to further apply to said coil (3b),
when said alternating voltage (Ug) has said second
polarity, a second driving pulse also having said second



pol 7'\\\\5576‘seeend\driving torque al so being applied to said rotor

.(3a) éﬂw 0 said second driving pulse. 7. Ti mepi ece

accok characterised in that said control neans (21, 23

to 28, 37 %o M¥| ude 5 connection neans (37 to 39) responding to said

conparLson signal to allow said storagst neans (28) to store said

second el ectrical energy only when said difference is an advance of said
real ,angul ar position of said rotor (3a) wWith respect to its desired

apply said PRraki%y.t spidesesond; eriving %%“%rﬁ%ﬁmfg%%g; He
of said rotor sa3d) rbtogr ¢IAPT ik sl &idNgadd ad¥ahdedriving pulse.
7. Timepiece according to claim 4, characterised in
that said control means (21, 23 to 28, 37 to 39) include
5 connection means {37 to 39) responding to said comparison
signal to allow said storage means (28) to store said

angul ar position, and in that 10 said braki ng neans are a

second electrical energy only when said difference is an
advance of said real angular position of said rotor (3a)
with respect to its desired angular position, and in that

10 said braking means are arranged so as to apply said
braking torque to said rotor (3a) only when said advance
of said rotor (3a) is greater than a determined advance.



