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ASSOCI ATED W TH AN ELECTRONI C REGULATOR Background of the invention The
present invention concerns a tinepiece having a case containing a
mechani cal wat ch novenent driven by a spring and provided with a_ nec ica
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nmount ed between a plate and a bal ance-cock for rotation, the bal ance having
arimprovided with at | east one pair of permanent nmagnets whose directions
of magnetisation are substantially paraIIeI to the axis of the bal ance, but
in opposite directi.g Q - the el ectroni c regul ator

i ncl udes at | east ; QUEMENT ABSQLIATER d magnet s
by el ectromagnetic coupllng maTHenﬂELEeWRsmpguamgugqrgald coil and provided
with at | east one capacitor, and an enslaving circuit provided with an
oscillator for enslaving the frequency of the nechanical regulator to the
osci | | at or fBackaeoun gritgestionf sai d el ectronmagnetic coupling. 15 The
principle of a nechanlcal clockmork novenent powered by a spring and

regul ated by an electronic circuit was disclosed by J.-C. Berney in US
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electronic circuits that can also be used with the present invention, with any

adaptations required due to the fact that the electric generators are different.
The same principle forms the subject of the subsequent DE Patent Application
No. 39 03 706, which schematically shows various types of electric generators that
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No. 3 653 199. To prevent the closed nmagnetic circuit passing in the plate
or other netallic elenents of the nechanical novenent, the bal ance includes
two parallel wheels arranged respectively on either side of the fixed
coils. The magnets are 20 arranged facing.each other on the two wheels.
According to US Patent No. 3 487 629, eac% wheel is made of a magnetically
perneabl e material, for exanple soft steel, in order to close the nmagnetic
circuit behind the two nagnets that it carries. US Patent No. 3 670 492
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i s not inconvenient i's app |ca
cooperates wnth the balance of the mechanlcal regulator owing to the addition of a pair

of magnets on the balance. In order to do this, the only element that must necessarily
be altered in the mechanical movement is the balance, because of the addition of the
magnets. The natural oscillation frequency of the sprung balance assembly after

35 alteration must be slightly higher than the original frequency, so that the electronic
regulator can stabilise it by briefly braking the balance, but the frequency thus
stabilised must be equal to the original frequency. It is an object of the invention to




the case of the present invention, an electronic oscillator is being
power ed consum ng the | east possi bl e anmount of nechanical energy supplied
by the spring. Summary of the invention It is an object of the invention to
make a tinepiece of the type indicated in,the preanble by arranging the

el ectronic regulator in a way that enableg a mechani cal watch novenment to
be used with the | east possible alterations, while ensuring efficient

el ectromagnetic coupling between the fixed part and the nobile part of the
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Since the function of such an arrangement is not to generate electric energy,
but only to make the balance waste energy, no great importance is attached to the
energy conversion efficiency, or to the configuration of the magnetic circuit. The
presence of the coil, and other elements of the clockwork-movement in proximity to

25 the induction coils is not inconvenient in this application, whereas it can be when, in
the case of the present invention, an electronic oscillator is being powered consuming
the least possible amount of mechanical energy supplied by the spring.

Summary of the invention

It is an object of the invention to make a timepiece of the type indicated in the
preamble by arranging the electronic regulator in a way that enables a mechanical
watch movement to be used with the least possible alterations, while ensuring efficient
electromagnetic coupling between the fixed part and the mobile part of the electric
generator. It is an additional object to arrange the electronic generator in a compact
shape, if possible allowing it to be housed in a case of the same size as a case for
receiving only the mechanical movement.




the el enments shown in Figure 1. Figure 5 is a bottom view show ng the
oscillating weight of the watch of Figure 4. 25 Figure 6 is an operating

di agram of the watch of Figure 4. Figure 7 shows timng diagrans of certain
signals nmentioned in Figure 6. Figure 8 ig_ a simlar viewto Figure 4,
showi ng a second enbodi ment. Detailed description of the invention
Reference will be nade first of all to Figures 1 to 5, which show
schematically 30 the main elenents of a wistwatch according to the
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bal ance 13 in nore om t he side of bal ance-cock 25 23. The
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Figure 5 is a bottom view showing the oscillating weight of the watch of Figure

25 Figure 6 is an operating diagram of the watch of Figure 4.
Figure 7 shows timing diagrams of certain signals mentioned in Figure 6.

Figure 8 is a similar view to Figure 4, showing a second embodiment.

Detailed description of the invention

Reference will be made first of all to Figures 1 to 5, which show schematically
30 the main elements of a wristwatch according to the invention, in a first embodiment.




35 closes the magnetic field created by magnets 38 and 39 on the side of
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15 to the oscillating weight does not reduce the wi nding torque. The

wat chcase can be identical to that which receives the original nechani cal
novenent. The operation of the watch illustrated in Figures 1 to 5 will now
be described with particular reference to_Figures 6 to 7. In Figure 6,
mechani cal novenent 10 is powered by barrgl spring 54, formng the source
of mechani cal energy that drives 20 bal ance 13 via gear train 16 and
escapenent 55, the gear train also driving hands 18. Once can al so see the

pai r of Mmagngfikndss @FWn %2 cgh bQ"ﬁ ﬁ?ﬁtﬁt artd @Efioﬁﬂé Imal]g%et Vl.?bfr F'mfn YR 54 the

electric generator ance. ctroni c nodul e
11 descri bed %ﬂ@P'l’fﬂ?@F@f@“dﬂ@ is iiemaasinglipithe bél?dcﬁ? A efdee edginal12, a

rectifier 58mabemant. Mé&ha’mid:é]@e%llétsmd |sfa9rahbaa td ﬁa\a@f’éjﬁhghﬂ)( RioheibAgiafpt ed
circuit 49 sho ect | i nc )é)des Schottk%tydl odes

24 and 45 an@eqiLo fevtsqg%nfaéfqrsrémafe a&nwxmatem rhap eeahe?rete%rrm

cer i’im'ltz: t58e4 Hehwer theldrtireofisdfilavinding rdngerof 3pm1g:@4]mﬁahachtébﬂtsbh@1 gﬁtsnﬂelal tS of
Coi an ving,circ owing to
the electri ch% er %%Bg%tﬁee%aﬁlav %oémégé? §€V\? %SSB %' !tbg‘?ke@? S?Snﬁ" )
capacitors. wenfclmammple@loueoofcomwssm wFing ar idehticad baldnomEpringds that ofithe V- |
correspondi ngridiRal mMiveMent thﬂ'g g‘tﬁébQEﬁc@égﬁqﬂtlﬁ‘idM n%médtto\"ﬂt%ni%{ rﬁt@ce

13, is suffic ent for Int clrcuit erate arti y|f t he
latter is na ?W%@P”'?@dﬁ%@*@@?ﬁn atﬁﬁhﬂ@dwrﬁtegrlemegnventhnabmaenerr. Qhovvs t he
evol uti onoof mehes sfthé aexUg i nduced across the termnals of coil 12 by

three alternati ons al ance ernati n 35tha?LCJ udi ngvgne Eassage

f gl 13I ea(m a%&
of the pair of magrr?g?rg $eMgRiprieAl iradYiatgh 20 §¢ Magyn e@o?‘? hE § NFEYal Restige,
during the nehersd@iancéd shend2l smateestpdiametraisaxisi37 end thus the paic ebsiagmdty 38

generates ¢ NgaPadaiq ophdsRE N 9T lerkfl RRNEY 13 AL UL ARIALS s

al ternation Ive a nNegati1ve alterna
A3, then t henepyial a@%f" qreeﬁaamweﬁtagﬂaﬁw@f Fgurg Z/iadigatghAp the lnetamemsp&ﬁd af he

bal ance 1§ chBHAdrRE |ﬁrh%>6ﬁh@|ﬂ%$erﬂh BSSdsaby its heuttétt;:%rt.eﬁttherbﬂ.d?ertthﬁdubeht age
durlngabrlef erlodt orres gsto br k|n which w escrl

herei nafter. 'at’é’h bSt‘“"l’q‘f@' &g Bailf s Ba?sfﬁd'éfrgmr%fttﬁﬁ Fl %‘é’&@ es
t hree ot her mstlant a‘htaeampitudertﬁ thd oscillatar g ablgyt inaa’i‘eldﬁgeee]somm the batrélegpriag i on

A4, a negat a n n.. A6 the the
vol t age gga: '% rg'l'n%&%@ an? ‘g%&ap Vte}nv ?ah% gé'ygwrﬁ%t ?&H@e e'tehfaor
first di rect¢>@mplmqu&t1§gelewes@yttm eeergtr sor@,zmtmmha;ﬂhegelectpegemﬁmfbr
whi ch ispghe realinQ3gddtb 3bisfa hetnbpslutauu}g graFeevetét deflss- etf.tﬁ&tefd' reuit
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Osc, by carrying i ef cill a L br aki n erations
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circuit 60 own i'n pract e samnme” as rlbed in
EP Patent NOPrdg08 bmwsgeaecﬂ eeeaﬁdhe@v-t% fags 9bgeeing ring 26stomtachi s fixed dywhi ch
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manner here, Wn"?the)t(Pl alln ng detail the differences resulting fromthe
present i nvé?ﬂa q 4T that s enlarged in the dlrection of the mSIde of the watch, a pair of Schottky
diodes 44 and 45, a pair of capacitors 46 and 47, a quartz resonator 48 and an
30 integrated circuit 49. Coil 12 is mounted on the top face of board 41, which holds it in
a fixed position, which is chosen such that a slight gap exists between coil 12 and
magnets 38 and 39, typically of the order of 0.2 mm to ensure a strong enough
electromagnetic coupling. In the example shown here, the other elements 44 to 49 are
mounted on the bottom face of board 41, so that they are in usually free space 50
35 between casing ring 26 and back cover 29 of the case. However, these elements or
certain of them could also be arranged on the top face of board 41, provided that

appropriate recesses are arranged in casing ring 26.



20 Gscillator Gsc delivers the signal FO having for exanple a frequency of
32768 Hz, to a divider circuit D v, one output of which delivers a signal
at the reference frequency FR = 4 Hz to the negative input of a conparator
circuit Crp, whereas anot her output delivgrs an internedi ate frequency
signal F1, for exanple at 4096 Hz, as clock signal to a tinmer Tnr. One
output of tiner Tnr delivers, when necessary, a 25 braking pulse IF of
duration tf, which nmakes transistor 62 conductive to short-circuit coil 12.
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35 invention, since they can be made in a different way. One could al so
make the inprovenents to themprovided in the aforecited Patents by the
same Applicant. In particular, the inprovenment described in US Patent No. 6
113 259 can be -10 advant ageously appligd in conmbination with the present
i nvention. This involves applying electri¢ drive pulses to the

el ectronechani cal converter fornmed by electric generator 56, in order to
maintain a sufficient oscillation anplitude for the bal ance so that
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L aasedt nuftbigd-ouflh bl B e faiaR refitingf Sebaff. 3 Sl edie oY
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to a self Wi stwat ch atron o resent |nvent|on is
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1. Timepiece havi se con

e Py e U SerS ey e oiE oo 0k Bl B E et e

whi ch i s assiefrequedey, vmducbrhgaet&cbmutgmlggencretmemﬂedn'lggg anidt an iahibitior cirewhlinb.

regul at 0o NONSELh b8 sb&Ifin timing diagrams (a) and (b) of Figure 7, trigger Trig delivers a
detection signal IM to the inhibition circuit, which changes sign each time that the
absolute value of voltage Ug is sufficiently raised to cross the high voltage threshold
Uth or low voltage threshold Utb of the trigger. The role of the inhibition circuit Inh is to
deliver, for each oscillation period of balance 13 and thus for one out of two passages

35 of the pair of magnets 38, 39 opposite coil 12, a measuring pulse IN to the positive

input of comparator circuit Cmp and to timer Tmr. The measuring pulses IN, shown in
timing diagram (¢) of Figure 7, thus theoretically have a frequency f of 4 Hz and a



case, wherein: 5 the nmechanical regulator includes a balance spring (21)
associated with a balance (13) having a rim (34) provided with at | east one
pair of permanent nagnets (38, 39) whose directions of nagnetisation are
substantially parallel to the axis of theghal ance, but in opposite
directions to each other; the electronic regulator I ncl udes at |east one
fixed coil (12) arranged for 10 cooperating with said magnets via

el ectromagnetic coupling, a rectifier (58) powered by said coil and

provi ded wit pemdd T @ﬁgso MBELR P Tah Rllso @méag@ denekiny ialtBeddurifig blisé $QXor
provi ded with [equency of t he

d | h
nmechani cal 86@? qsgpg? 8?15.'%“%@18&%%9%&% Qz‘%ﬁ‘ﬁ’/ﬁ?@g’fétl'}%' S 36? ai d

el ect r omagnetHec coupl ing, the tinepiece being characterised in that the

el ectronic regul a :ﬁ?s{?ﬂ{ tfg cﬁle%s%%%ﬁ&% wc,aal @g%%rg%ég )stFtprlﬁjtrmgce

entirely separat e nical watc
accor di ng5t othgl !argﬁsnaltemﬁlpaa@flvgmq o ﬁhéﬂok@urﬂﬂgﬁb@lﬁlsé armptiancAt,i xed onto

a plate (22) b@éau%é*trqs F@%H@:ﬁ@ﬂbo%@duenﬁ Jhnﬁiﬁ@h Eﬁ&ﬂﬁﬁ%r é’ri‘é?‘@e&‘?loﬁoaédﬁhrﬁer
characterise hat sajd nod §IM2 arried

i ndependent | eJFStﬂ?BQ%(/%H’@rﬂf Stgfé “h?l"'!ﬂﬁﬂt é%@d§€@9r'ﬂff9¢"?5 Q‘fté’PW.hLe
char act er i segedondtaniristdnine, & eeltvér)meQnémmhgbanse IMCOthdBgisé, diel douRicklsd r cui t

board (41) carr. . ast he. r.e 58), a quartz resonator (48)
and the ensl %ﬁw%a@%gqrgl&nﬁg t}1 (?'SSta%B Ai accor ding to claim4,
charact erfPsed i n Thafunctien pfroqmpadatm clmmlttcmnshomchbatél.wna) it§ outpblesigrad AN es

the coil ( 12hlhetﬂer tTmb Ql'llgtﬁu &%%Pc{ngé Y %&Qd@}nfﬂ r%s%é:&% fHak 6f 6s%ﬁlgtdr'b§é‘at

except for t carry red, the p
circuit boar ah'e&wpﬁ%ortqa@ b@ﬁap@xetsmp aag@g%hle qeuntgr, c:vm@n aggregates Hw ece

accordi ng Lodlﬁbﬂdnﬁb ﬁetv\@éﬁrtﬁ@h@rﬁbéﬂﬁ nhélashhﬁé pul@é@ MNPecEREd s B@é“ t‘iveaﬂ?dther egf
O, L Pl R ek i Bt oaenkt B mbamyegpr oo o0,
7, char adber Teent Timr rebeited digna AVdreld if cher latterd inbioated that the balandd is @atlead) ila
casing ring {4Qkrs MBli& brautid QYRGTF WARNTEGRER AR tFdhs M BT bhalidiRl:
which brakes the balance as explained hereinbefore. The start of braking signal IF is
preferably slightly delayed with respect to the appearance of measuring pulse IN, as is
seen in Figure 7, and duration tf of braking signal IF is predetermined such that
20 braking occurs in an initial part of the largest alternation A2 of voltage Ug, but not in
the duration where the voltage is highest, since it is at that moment that electric
generator 56 can supply most energy to capacitors 46 and 47. At the moment when it
delivers braking signal IF, timer Tmr starts to deliver to circuit Inh an inhibition signal
Sl, whose function is to prevent transmission of another measuring pulse IN before
25 the next oscillation period of the balance. As can be seen in timing diagram (d) of
Figure 7, duration ti of inhibition signal Sl is slightly shorter than period T, for example
80% of T.
The timing diagrams of Figure 7 correspond to the case in which a single
braking operation of duration tf is enough to return the differential count to zero in
30 comparator Cmp, such that there is no new braking during the next voltage alternation
A2. In the opposite case, braking will occur at each successive period until the number
of periods of balance 13 is equal to that of electronic oscillator OSC.
The particular structure of enslaving circuit 69 described hereinbefore and the
functions of its various components are not critical for implementing the present
35 invention, since they can be made in a different way. One could also make the
improvements to them provided in the aforecited Patents by the same Applicant. In
particular, the improvement described in US Patent No. 6 113 259 can be



-13 9. Timepiece according to claim8, characterised in that the printed
circuit board (41 ) is placed on a top face of the casing ring (26), on the
side of a dial (24) of the tinmepiece. 10. Tinmepiece according to claimS8,
characterised in that the printed circuit board (41 ) is placed on a
bottom face of the casing ring (26), on thé side of a renovable back cover
(29) of the tinepiece. 11. Tinepiece according to any of the preceding
clainms, characterised in that the nechani cal watch novenent (10) is a
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Balance 13 differs from that of the preceding example solely in that magnets

38 and 39 are placed on the top face of the rim, to pass close to coil 12 located
above. Depending upon the original movement used, it may be necessary to make a
cut out portion 52 in plate 22 to leave room for coil 12. This can generally be achieved
without any difficulty, since, if the plate of usual movements extends into this region, it
is only to shoulder the dial and it usually does not carry there any actual component of
the movement.

In this second example, the only alterations to be made to mechanical watch
movement 10 consist in changing the balance and possibly arranging cut out portion
52 in the plate. No alteration is required for oscillating weight 28 of the automatic
winding device. Casing ring 26 will obviously have to be adapted to receive electronic
module 11. The watchcase can be identical to that which receives the original
mechanical movement.

According to a variant, which is not illustrated here, the arrangement shown in

Figure 8 can be altered in order to fix electronic module 11 to plate 22 instead of to
casing ring 26. For this purpose, cut out portion 52 can be replaced by a recess that
occupies only part of the thickness of the plate. Fixing to the plate has the advantage
of positioning coil 12 with great precision in relation to balance 13.
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10zF oM 10%5%{3@53;@4563%%1(93@%4 Qrb%'dé‘d KNG e arical regulator (20), which is
associated, via electromagnetic coupling, with an electronic regulator housed in the
case, wherein:
5 the mechanical regulator includes a balance spring (21) associated with a
balance (13) having a rim (34) provided with at least one pair of permanent magnets
(38, 39) whose directions of magnetisation are substantiélly parallel to the axis of the
balance, but in opposite directions to each other;
the electronic regulator includes at least one fixed coil (12) arranged for
10 cooperating with said magnets via electromagnetic coupling, a rectifier (58) powered
by said coil and provided with at least one capacitor, and an enslaving circuit (60)
provided with an oscillator and arranged for enslaving the frequency of the mechanical
regulator to the frequency of the oscillator by means of said electromagnetic coupling,
the timepiece being characterised in that the electronic regulator is formed by a
15 structural module (11) that is entirely separate from the mechanical watch movement
(10).
2. Timepiece according to claim 1, characterised in that said module {11} is
fixed onto a plate (22) of said movement (10).
3. Timepiece according to claim 1, characterised in that said module (11) is
20 carried by the case independently of said movement (10).
4, Timepiece according to claim 1, characterised in that the electronic
regulator includes a printed circuit board (41) carrying at least the rectifier (58), a
guartz resonator (48) and the enslaving circuit (60).
5. Timepiece according to claim 4, characterised in that the printed circuit
25 Dboard (41) further carries the coil (12).
6. Timepiece according to claim 4, characterised in that, except for the part
thereof carrying the coil when required, the printed circuit board (41) has the shape of
a segment of a circle.
7. Timepiece according to claim 4, characterised in that, except for the part
30 thereof carrying the coil when required, the printed circuit board (41) is located
outside the mechanical watch movement (10).
8. Timepiece according to claim 7, characterised in that the printed circuit
board (41) is fixed to a casing ring (26), which surrounds the mechanical watch
movement (10).
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oscillating weight (28) arranged for rotating about a central axis of the movement, and
10 in that the coil (12) extends at least in part between the rim (34) of the balance and
the trajectory of a peripheral part of the oscillating weight (28).
12. Timepiece according to claim 11, characterised in that the electronic
regulator includes a printed circuit board (41) carrying at least the rectifier (58), a
quartz rescnator (48) and the enslaving circuit (60) and in that the quartz resonator
15 (48) is disposed on the printed circuit board (41) on the back cover (29) side of the

case and is located at substantially the same level as the peripheral part of the

oscillating weight (28).




