|  MECHANI CAL OSCI LLATOR FOR A TI MEPI ECE The present invention relates to a
mechani cal oscillator for a tinmepiece, and nore particularly a nmechanical
oscillator for a wistwatch that has & high degree of isochronism

D fferent mechanical oscillators have already been proposed for

wri stwat ches. Cenerally, such oscillators are designed in the formof a
hai r spri ng- bal ance that produces oscillations defining the natural
frequency of the oscillator. This natural frequency divides tine into
strictly identical MFFHANEGALROSGILIATRR EQR %g’é Eof a wistwatch to
regul ate the speed of its gear train. Thus the accuracy of a wistwatch
depends on the frequency stability of its hairspring-balance. Several
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Magnetic fields essentially act on the hairspring and are capabl e of
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order the escapement of a wristwatch to regulate the speed of

its gear train. Thus the accuracy of a wristwatch depends on

the frequency stability of its hairspring-balance.

Several parameters such as variations in temperature, magnetic
fields and variations in the amplitude of the oscillations of
the balance affect the frequency stability of a hairspring-
balance. Variations 1in temperature are capable of causing
thermal expansions of the balance and of the hairspring which
essentially give rise to a variation in the moment of inertia
of the balance as well as a variation in the restoring torque
of the hairspring. Magnetic fields essentially act on the
hairspring and are capable of disturbing or even cancelling
out its action on the balance. Variations in the amplitude of
the oscillations of the balance are linked to the weight and
inertia of the balance and are capable of 1leading to an
isochronism defect of the hairspring-balance. Thus, all these
parameters are capable of altering the natural frequency of

the hairspring-balance.

To compensate for variations in temperature, the materials
used for the production of the balance and hairspring in the

mechanical oscillators used most often are chosen such that



2 the respective variations in the nonment of inertia of the balance and
the restoring torque of the hairspring conpensate for each other. O the
proposed sol utions, the use of a bery®lium copper alloy bal ance associ at ed
with a hairspring produced fromspecially designed alloys, such as for
exanple invar and elinvar, which is a nickel-iron alloy having a very |ow
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of the metal.

To compensate for the effects of the magnetic fields other
than by using new alloys specially designed for this purpose,
it has also been proposed that the hairspring be produced from
a non-magnetic material, such as quartz for example, while
producing the balance from beryllium copper as described
above. However, this type of hairspring-balance is sensitive

to variations in temperature.

To compensate for the variations in the amplitude of the
oscillations of the balance in order to minimize its
isochronism defect, certain factors must be taken into
consideration, including the asymmetry of the expansion and
contraction of the hairspring, the changes in the elasticity
of the hairspring in response to changes 1in temperature,
magnetic fields, the attachment points of the hairspring,
centrifugal forces and gravity, the balancing of the balance,
friction and geometry. Minimizing the isochronism defect 1is
crucial for optimizing the accuracy of mechanical watches.

This consists in the production of a hairspring-balance having



friction and geonetry. Mnimzing the isochronismdefect is crucial for
optim zing the accuracy of nechanical watches. This consists in the
production of a hairspring-balance hadng 3 a high degree of isochronism
allowing it to generate equal oscillations independent of their anplitude.
Thus, a balance that is as |light as possible with as nuch inertia as
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direction of the fibre. These fibres are encased in a
thermosetting, thermoplastic or ceramic polymer matrix. The
coefficient of thermal expansion of this composite is negative
and greater than -1*10"% K'. More particularly, the materials
used for the production of the balance and hairspring are
selected such that the values of their coefficients of thermal
expansion are similar, very low and of opposite signs. Thus,
this hairspring-balance allows for a high level of accuracy

and a more stable functioning of the oscillator to be obtained

as a result of a self-compensating effect of the hairspring.

The object of the ©present invention is to at least
considerably reduce the self-compensating effect of the
hairspring. Thus, the present invention proposes a hairspring-
balance that, 1in wide temperature ranges, 1is resistant to
variations in temperature to avoid the expansion and variation
in the moment of inertia of the balance. More generally, the
object of the present invention 1is to propose a hairspring-
balance having improved frequency stability as regards its
sensitivity to variations in both temperature and amplitude,

as well as to magnetic fields.



obj ect of the present invention is to propose a hairspring- bal ance having
i nproved frequency stability as regards its sensitivity to variations in
both tenperature and anplitude, as wetl as to magnetic fields. 4 This
object is achieved by a nechanical oscillator conprising a balance and a
hai rspring having the characteristics of the independent clains. Preferred
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drawi ngs, identjical conponents are given identical reference
compensating effect of the “hairspring in relation to the
balance, which thus has an almost constant inertia. Because of
this, the self-compensation between the Dbalance and the

hairspring becomes negligible.

The embodiment details and the advantages of the hairspring-
balance according to the invention will become apparent from
the following detailed description of an embodiment, given by
way of example and illustrated by the attached drawings, which

show diagrammatically:

Fig. 1 an enlarged top view of a mechanical oscillator

according to the invention,

Fig. 2 an enlarged cross-sectional view of the mechanical

oscillator in Fig. 1, and

Fig. 3 a diagram showing daily rate variations of two

different mechanical oscillators.

In the following detailed description of the attached
drawings, identical components are given identical reference
numbers. Generally, these components and their functionalities
are described once only for reasons of brevity in order to

avoid repetitions.



nunbers. Cenerally, these conponents and their functionalities are

descri bed once only for reasons of brevity in order to avoid repetitions. 5
Figs. 1 and 2 illustrate by way of exdple a hairspring- bal ance type
mechani cal oscillator conprising a balance 10 and a hairspring 12. The

bal ance 10 conprises an arbor 14, a plate 16 nmounted rigidly on the arbor
14 and counterweights of a first type 18 and of a second type 19, a collet
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balance 10. More specifically, the hairspring 12 and the plate
16 of the balance 10 are produced from the same material. This
production of the balance 10, and/or its plate 16, and the
hairspring 12 from the same material allows for the avoidance
of the compensating effect of the hairspring 12 in relation to
the balance 10, which thus has an almost constant inertia.

Because of this, the self-compensation between the balance 10

and the hairspring 12 is almost negligible.

The material chosen to produce the balance 10, and/or its
plate 16, as well as the hairspring 12, 1is preferably non-
magnetic and has the advantage of having a coefficient of
thermal expansion of 20 to 2%1071° ppm/°C at most. This
coefficient of thermal expansion is preferably 5-107° ppm/°C,
and even more preferably 2-107° ppm/°C at most. The apparent
density of the material is preferably comprised in a range
from 2.0 to 5.0 g/cm3, preferably from 2.5 to 4.5 g/cm3, and

even more preferably from 3 to 4.0 g/cm’.

According to a preferred embodiment of the present invention,
this material is diamond or synthetic diamond and, more

generally, a diamond-based material. Nevertheless, other



According to a preferred enbodi nent of the present invention, this material
is dianmond or synthetic dianond and, nore generally, a dianond-based
material. Nevertheless, other 6 nater®als can be used, as described in nore
detail below, such as, for exanple, quartz, silicon, carbon, titanium or
ceramic. As Fig. 1 shows, the arbor 14 of the balance 10 has an axis of
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The plate 16 comprises a central hole 16a and eight radially
oriented openings defining eight arms 16b. The outer ends of
the arms 16b are joined together to form a felloe 1l6c¢. This
latter is pierced, in the extension of the arms 16b, by holes
16d oriented parallel to the axis AA and in which the
counterweights 18 and 19 are fixed. The base of the felloe 1l6c
can be produced in a different material from the plate 16. In
this case, 1if the plate 16 1is, for example, produced from
diamond, a diamond coating can be applied to the felloe 1l6c so
as to obtain the same physical characteristics for the felloe

l6c as for the plate 16.

More particularly, according to a preferred embodiment of the
present invention, the balance 10 and/or the hairspring 12 are
coated in nanoparticles of a material that 1is preferably non-
magnetic and has the advantage of having a coefficient of
thermal expansion of 20 to 2*107*° ppm/°C at most. This
coefficient of thermal expansion is preferably 5-107° ppm/°C,
and even more preferably 2-107° ppm/°C at most. The apparent
density of said material is preferably comprised in a range
from 2.0 to 5.0 g/cm®, preferably from 2.5 to 4.5 g/cm’, and

even more preferably from 3 to 4.0 g/cm’. Preferably, the
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coefficient of thermal expansion is preferably 5. 10-6 ppmiC, and even nore
preferably 2.10-6 ppml C at nost. The apparent density of said material is
preferably conprised in a range from#£.0 to 5.0 g/cnB, preferably from2.5
to 4.5 g/cnB, and even nore preferably from3 to 4.0 g/cnB. Preferably, the
7 balance 10 and the hairspring 12 have a nanodi anond coating. This
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sheet edfarpIratiariad. with a low density and a | ow coefficient of thernal
expansi on, such as for exanple dianond, corundum quartz or silicon, and
with a thickness in the order of a fewtenths of a mllinetre. Mre

particw arly, phhisd i gkPess s iRkaLenably, coppri sed 4 158098 (f r.am 0. 05
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as that used to OIotFr)oduce the bal ance 10 and/or its plate 16. Thus, the
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The collet 20 is pressed onto the arbor 14 in its cylindrical
part 14d, resting against the plate 16. It holds the

hairspring 12, which is attached with adhesive.

The plate 16 1is formed of a sheet of a material with a low
density and a low coefficient of thermal expansion, such as
for example diamond, corundum, quartz or silicon, and with a
thickness in the order of a few tenths of a millimetre. More
particularly, this thickness 1is preferably comprised in a
range from 0.05 mm to 0.3 mm, and it typically has value of
0.2 mm. As mentioned above, the hairspring 12 is produced from
a material that may or may not be the same as that used to
produce the balance 10 and/or its plate 16. Thus, the material
used to produce the hairspring 12 can also be selected from
the materials listed above by way of example, i.e. diamond,
quartz, silicon or corundum. The elasticity and 1length of

these materials vary very little according to the temperature.

The counterweights 18 are each formed of a nail 18a with a
cylindrical shape having an axis of symmetry, referred to in
Fig. 1 as the axis BB, from a heavy material with a density
greater than 15 g/cm®, for example gold or platinum, provided

with a head 18b and a body 18c, and a ring 18d produced from



quartz, silicon or corundum The elasticity and length of these materials
vary very little according to the tenperature. The counterweights 18 are
each formed of a nail 18a with a cyli®drical shape having an axis of
symmetry, referred toin Fig. 1 as the axis BE, froma heavy naterial with
a density greater than 15 g/cnB, for exanple gold or platinum provided
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oriented slots 19b, allowing for a friction fastening. As nmentioned above,
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capable of conformng to the margi ns established by the chrononeter

The counterweights 19 have a centre of gravity that is offset
in relation to the axis of the hole 16d into which they are
fitted. In this way, it is possible, by turning them, to alter
the moment of inertia and thus correct the frequency of the
oscillator. In order to allow this rotation, the
counterweights 19 comprise a cylindrical part 19a provided
with axially oriented slots 1%b, allowing for a friction

fastening.

As mentioned above, the material used to produce the balance
10 and the hairspring 12 of the mechanical oscillator
according to the present invention is capable of having little
sensitivity to temperature. Moreover, this material is capable
of conforming to the margins established by the chronometer
standards of Swiss watchmaking given in Table 1 illustrated

below.

Table 1: Chronometer standards of Swiss watchmaking:

Minimum requirements
: e : . (s/d)
Disqualifying criteria Categories
1 (@>20mm) 2 (@<20mm)
Mmoy |Average daily rate -4 +6 -5 +8
Vmoy |Average rate variation 2 3.4




standards of Swi ss watchnmaking given in Table 1 illustrated below Table 1:
Chrononet er standards of Swi ss wat chmaki ng: M nimum requirenents
1 (0>20mm 2 (9J<-20nm Moy

Average daily rate -4 +6 -5 +8 Vnoy Average rate variation 2 3.4 9 Vmax

D squalifyin

g criteria (s/d) Categorie®

G eatest rate variation 5 7 D Difference between horizontal -6 +8 -8 +10
and VeéRridzgal @rgggggsgaﬁgteaghyc%gnce TO I C Thermal yartation O.p 0.7
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of the presenéndnventioal are dianond, titapium ceram c|and quartz,|as
al ready descrGbedteptnpaeedat afkraho¥e. These naterial s hage the fol | owi ng
physi ¢al—properties; Apparent density. - ampnd. 3. 515 g/cnB - Grade 5
titani|Gm 4. pBheread vartakamic A1203 : 3.9 *gpeﬁs Quart 7 +0276 g/ cn8
Coef firgrenmt—pit _the ansT oM. = Dranon 106 ppm €= Gade—S5
titanidm 9. 1]5‘1“%‘é ‘jﬁ%"% Cerani ¢ A1203 : 8 18 6 ppmi C - idrtz: 0.5.00-6
ppm C

Non-limiting examples of materials satisfying the criteria

indicated in Table 1, which can thus be used within the

context of the present invention, are diamond, titanium,

ceramic and quartz, as already described in more detail above.

These materials have the following physical properties:

Apparent density:

Diamond: 3.515 g/cm’

Grade 5 titanium: 4.42 g/cm’
Ceramic AI,03: 3.9 g/cm3
Quartz: 2.6 g/cm’

Coefficient of thermal expansion:

Diamond: 1-107° ppm/C°

Grade 5 titanium: 9-107° ppm/C°
Ceramic AI,03: 8-107% ppm/C°
Quartz: 0.5-107° ppm/C°

By specifically choosing the non-magnetic material used to

produce the balance 10, and/or its plate 16, as well as the

hairspring 12, a low coefficient of thermal expansion and an

optimized mass-radius ratio are obtained. More particularly,

as the mechanical oscillator in Figs. 1 and 2 comprising the

balance 10 and the hairspring 12 is produced from a material

that 1is very stable in relation to the temperature, its

frequency is very stable and varies very little depending on
the temperature. This frequency stability is increased by the
fact that the counterweights 18 have a fixed centre of gravity

in relation to the axis of the balance 10. This allows a high



By specifically choosing the non-magnetic material used to produce the

bal ance 10, and/or its plate 16, as well as the hairspring 12, a | ow
coefficient of thermal expansion and 4® optinized mass-radius ratio are
obtained. More particularly, as the nmechanical oscillator in Figs. 1 and 2
conprising the _balance 1Q and the hairspring.12 is produced froma materi al
that i e?]%rey é?tfablléolC rera oft Tt otpﬁe ?‘gﬁfbﬁ‘g%ﬂ:ﬁ}e,O?‘E%Pf"f‘?%ﬁueth%y 5% very
st abl ey @and vy | §§CM@8Yng| titd e adepeni Nk PnenbBaih8AREr& Ukge Tissddequency
stability is increased by the fact that the counterweights 18 have a fixed

cent r ekrvfergrigyfit yas jinl hudtataterd ti thigaxd s of the balance 10. This allows a
hi gh 10 degree of isochronismof the nmechanical oscillator to be achieved
according to a preferred enbodi ment of the present invention, as

il lustriaged 3 n Ailhstratdy. B idiapddrat eshawiipgramamdion nga exanptecgai ly
rate varjations of two different nechanical oscillators by way of exanple.
These Wi 13F it hr t#G dhst e eeReplesbanedailn ossdddmd< g sy #avarPfaxis 41,

dependi ng, on. t hﬁr@ééé er&Qh%t eppekat Q%Eia@'iowgi chthe correspond| ng

mechani cal” oscillators were tested. ese tenperatures are represented in
degr eesecdelsi ug H][)C] oronaan axis 311, A depshdingveo30 thé usiiffieesre dail y
rate variation of a ti i ece conprising a standard nechani cal_ oscill ator.

As Fi ¢:STPLIAHIRES 3 sw{}rgg]lflaFPSn Cioﬁrﬁéif’&%dri&ﬂe SR ls 60 Dt VT S bei ng 6

seconda f&Stes@edR0i Phedd | AhSaE £8ur&8d Aecapdesedh@ 28 RAldHed
i ndi cates, when the tinmepiece is tested in a range of tenperatures between

+8 andCel38iuE A YElclomzh camveexd 31 ) ustrates a daily rate variation of this
ti mepi ece when it is produced with a nechanical oscillator according to a
preferred enbodi nent of the present invention.

A first curve 30 illustrates a daily rate variation of a
timepiece comprising a standard mechanical oscillator. As Fig.
3 shows, this variation in daily rate 1is comprised between
being 6 seconds fast, as point 32 indicates, and 4 seconds
slow, as point 34 indicates, when the timepiece is tested in a

range of temperatures between +8 and +38 °C.

A second curve 40 illustrates a daily rate variation of this
timepiece when it is produced with a mechanical oscillator
according to a preferred embodiment of the present invention.
As Fig. 3 shows, in this case the daily rate variation is
comprised between not running fast at all, as point 42
indicates, and being approximately 1.3 seconds slow, as point
44 indicates, during testing of the timepiece in the range of

temperatures comprised between +8 and +38 °C.

It must be pointed out, nevertheless, that this frequency
stability relative to the temperature of the mechanical
oscillator according to the invention is added to other
advantages obtained by the choice of the material used. For
example, because the materials making up the balance 10 and
the hairspring 12 are non-magnetic, a magnetic field cannot

interact with them. Only in the configuration described above,



As Fig. 3 shows, in this case the daily rate variation is conprised between
not running fast at all, as point 42 indicates, and being approxinmately 1.3
seconds slow, as point 44 indicates, 1during testing of the tinepiece in the
range of tenperatures conprised between +8 and +38 C. It nust be pointed
out, nevertheless, that this frequency stability relative to the

tenpem&huﬂe Qéeéth@EQﬁ@&bﬁah4<¥%deéﬂdﬂfﬁéﬁ0m@ﬁaéﬁéat§%béﬂve@bh0&1'S
added to other advantages obtained by the choice of the material used. For

exarrplr@agrlﬁcl@s%lﬂ@ raEerpaFs vikki fdiivp areobal dncluto ted infeudnte spring
12 are, gLr}lq__térc &ggl?t Icaéﬂieél%l% interact with them Only in
deser ic

the con |gurat|on oVE, ¥ uses the arbor 14 produced from
har dened steel, can a magnetic field interact with this arbor 14, but the

i nfluence _ of th|s interaction is practically zero. Finally, as the specific
gravi tEARGF L e Afit dfical SPREHT WA G 3l pPht enee Matembrl i STEBw, Wikl e t hat

of thect{@t;‘gié?é E%O% WY %9918 untgrvel gt 18¢ %ﬁea%%ft@q%l' Se JU h the
t ot al e bal ance 1 or a given noment inertia.
resmtwhrnhhahetm@umnaﬁwanghnsdb$ecﬂ9canxbemhdetma'hi@ﬁucede'ﬁmt@mld or

platlnun1counte 5%5—8 18, 19, aIIOM/for t he  bal ance 10 to be produced wth
a par tT&H a?fy meft 18K if0dr 13 oI hESR PaPeat 1af i &itsid possi bl e

to userrl@ssfes%q%tlxsnaﬁﬁatal@hefoir SO &P B8F R 'B)éﬁr pén fhedat ter
case, the expansion of the counterweights 18, 19 could be further reduced.

Gener atéducdshl ances for tinmepieces nust be bal anced. This can be done by
renmovi ng or adding material. This operation is <carried out particularly
advant ageously by working on the

The gold or platinum counterweights 18, 19 allow for the
balance 10 to be produced with a particularly favourable
moment of inertia/mass ratio. It is also possible to use less
costly materials, for example brass or invar. In the latter
case, the expansion of the counterweights 18, 19 could be

further reduced.

Generally, balances for timepieces must be balanced. This can
be done by removing or adding material. This operation is
carried out particularly advantageously by working on the
counterweights 18, which have a symmetrical structure in
relation to their axis BB. Moreover, at least one part of said
counterweights 18 preferably has a cylindrical shape with an
axis BB in the part of it that is fitted into the plate 16. In
order to prevent their symmetry from being affected, it 1is
possible to remove material either mechanically or by firing a
laser at 1it, ensuring that this 1is done evenly across the
whole surface or symmetrically in relation to the axis BB. It
is also possible to add material by spraying onto one or other
of the counterweights 18, still ensuring that the symmetry is
maintained in relation to the axis BB. Thus, the present
invention also claims a method of balancing by removing or
adding material from/to the balance 10, characterized by the

fact that material 1s removed from at least one of said



counterwei ghts 18, which have a symetrical structure in relation to their
axis BB. Moreover, at |east one part of said counterweights 18 preferably
has a cylindrical shape with an axis1@B in the part of it that is fitted
into the plate 16. In order to prevent their symmetry from bei ng affected,
it is possible to renove material either nechanically or by firing a |aser
at it,cAMEARG il 1di syhmePN@aBVEN Y BE188Sohheo WhE! Q3w face
symmetrically in relation to the axis BB. It is also possible to add

mat er iclindespraay iy ome ofane bhavt hbe beflanhe deumtcériweieghthy kgldigtd | |
ensuring that, the symetry.is_.maintained in_yelation to the axis Thus,
t he pf%se'ﬁla% nvgﬁtigggals%e%?%jrn?%f method B%ebal%%%?%%rﬁﬁl?gﬁﬁvi or

addi ngsyraieadr ida fonit a-dne il e el axcharactiard zed inadhe fact that
material is renoved fromat |east one of said 12 counterweights 18
symmetrically in relation to the axis of the cylinder or by the fact that
the balange s %Q' Waec%rbiyaladﬂ}sgg. e ﬁ&béhcéo tzﬂ%l 88ﬁht8?§e9frm‘cge 18

count erwel ght's symretrically in refatron to the axis of its cylinder.

Fi nal Ipre fidrauint eiaal ausge didf ipr ogioeei t Wegeeaneer wkiaght 50 181t proaheriabl y has
a specific_gravit%%%reater than 10. It can in particular be produced from

gol d ARt Hithm Rehi Ifbr‘%%ecbalm 1P Lhd Ahe e G IPimg "f_?l]aer e Prdduced
from i 161 2A8! Sndala i bBErE ALl 22DEHECEH IR BOMEY o dtifd ] aand the

specific gravity 1s particularty vour a 't nmust al so be pointed out
t hat, teipendapg orhé¢ heardtcer batweénomhehi obmehé pbat eénkitiism madd, titei s al so

possible to add material to it or renove material fromit, and nore
par t i RS QPR Helt D e ABC S W AH L g P Y%ul ar enbodi nent is
descri bed above, several variations can be applied to the nmechani cal

oscil |l ator
It must also be pointed out that, depending on the material

from which the plate 16 is made, it 1is also possible to add
material to it or remove material from 1it, and more

particularly on the felloe 1lé6c.

Although a particular embodiment is described above, several
variations <can be applied to the mechanical oscillator
according to the invention without altering its functionality.
As a result, all these variations are also envisaged and

generally contemplated.



according to the invention without altering its functionality. As a result,
all these variations are also envisaggd and generally contenplated. 13
CLAIMS 1. Mechanical oscillator for a tinepiece conprising a balance (10)
and a hairspring (12), in which the balance (10) and the hairspring (12)
are made fromthe sanme first material. 2. Mechanical oscillator according to
claim1, in which said balance (10) conprises a plate (16), an arbor (14)
hol ding said plate (16) and count €EAEM8hts (18, 19) nounted on said plate
(16), and in which said arbor (14) and said counterweights (18, 19) are
produced fromat |east one other second material. 3. Mechanical oscillator

accor di Ng Meehehndica2,0ddi M tdy st aatbmepliddy comproduerd J nemdiadaened
steel and at |east one part of the counterweights (18) is produced from

heavy (Ifdt etndla bpdraprsrgy (@2)whilgh wisich cbher bahances (¢0dn@nd. the
NEChar}{aC'aéesrp?z;j]‘%igln;@zgrlaaxcec%agc}%‘gféo% e Oée{rrﬁ]é;ffnia KV lS L@l M8, 1N which the

first Tt OW CO icien expansion of a maxi num of
2*10-6 ppni C. 5. Mechanical oscillator according to one of the previous

clainms, in which the first material is non-nmagnetic. 6. Mechanical

osci | 1%t oMesdedrigiady - bhea BT t aecprdinguso Qldims, 1i nighivéH dthesadighar ent
d it i t i i i i f 2. { 0
o org DR (ADLS et & ° pEREE 8 Cadl (T (OD) Pted D

whi ch d&ied f platenmatler)i ahnds cofurc etivarigits quBst z 19N menared bypeaild 8.

Mechani cal oscillator according to claim7, in which the )
plate (16), and in “which said arbor (14) and said
counterweights (18, 19) are produced from at least one other

second material.

3. Mechanical oscillator according to claim 2, in which said
arbor (14) 1is produced from hardened steel and at least one
part of the counterweights (18) is produced from heavy

material, the density of which is greater than 15 g/cm3.

4. Mechanical oscillator according to one of the previous
claims, in which the first material has a low coefficient of

thermal expansion of a maximum of 2*10°® ppm/C°.

5. Mechanical oscillator according to one of the previous

claims, in which the first material is non-magnetic.

6. Mechanical oscillator according to one of the previous
claims, in which the apparent density of the first material is

comprised in a range from 2.0 to 5.0 g/cm’.

7. Mechanical oscillator according to one of the previous
claims, in which the first material is of a diamond, quartz or

ceramic type.



first material is dianond-based. 9. Mechanical oscillator according to one
of the previous clains, in which the tinepiece is a wistwatch. 10.
Mechani cal oscillator according to onq of the previous clainms, in which the
bal ance (10) conprises a plate (16) with a thickness conprised in a range
from0.05 nmmto 0.3 mm 11. Mechanical oscillator for a tinmepiece conprising
a bal ahce Mdctaniaad aohailsptong actdrding vitd chlahe bal abne whli@h tclosrpri ses

- aplate (16 roduced froma_first material, - an arbor (14) hol ding said
pl ate f(all%ﬁt dﬁ“%t"%)rrft%]ndle% %Joam%"h‘%m%s?%at t he bal ance swivels about a swi vel
axis, - counterweights (18, 19) nounted on said plate (16), distributed
symmetrically in relation to said swivel axis, said hairspring (12) being

productd Meghaaigiedondswatldeitalr andosdidgfitst el odconbenmeevides bei ng
chosen_{f rom di amnd. anqlquartz 12. Mechani cal osqﬁllator according to
d* Ao

ol ai m TIPS it HRSH Y TRPRIRCR bt Wt Bt P are i dentical . 13.

Mechani cal oscillator according to claim1l or 12, in which at |east one
part of said counterweights (18) has a cylindrical shape in relation to an
axi s of0 syMeshapiicalt hescpitater iacaqding tittedei mb shied preweoyss),

i d . 18 havi el . . H
oo Srathel el ONhe chThe BN A SVIF! Lo SEL VSt G I [ Blallhy 10 Lhe
11 t o d43hidkneds cromst Tk €d Ut es Wehigdid SEf£3B)0 A% ik ogvice o3 fisdm a third

material having a specific gravity greater than 10. 15. Mechani cal
oscillator according to claim214, in which the

11. Mechanical oscillator for a timepiece comprising a balance
(10) and a hairspring (12), in which the ©balance (10)

comprises:
— a plate (16) produced from a first material,

— an arbor (14) holding said plate (16) and intended to

ensure that the balance swivels about a swivel axis,

— counterweights (18, 19) mounted on said plate (16),
distributed symmetrically in relation to said swivel

axis,

said hairspring (12) being produced from a second material
and said first and second materials being chosen from diamond

and quartz.

12. Mechanical oscillator according to claim 11, in which said

first and second materials are identical.

13. Mechanical oscillator according to claim 11 or 12, in which
at least one part of said counterweights (18) has a
cylindrical shape in relation to an axis of symmetry in the
part of it that is fitted into said plate (16), said
counterweights (18) having a symmetrical structure in relation

to the axis of symmetry.



third material is heavy material with a density greater than 15 g/cnB. 16.
Mechani cal oscillator according to one of clains 11 to 15, in which the
first material is dianond. 17. Mechaggcal oscillator according to one of
clainms 11 to 16, in which the plate (16) has a thickness conprised in a
range from0.05 mmto 0.3 mm 18. Method of bal ancing by renoving materi al
from ddaMeebenichl) dswild amahatacatdiossitd abne e€cending UQ axild 13, in
which material is renoved from at Ieast one of said symetrica

count eFweVERER EPAf sTRWRERTERIPNLS n (18)atdeh PEOGRCEIaxkLOBf Asyihigidy. 10.
Vet hodhfile 3l kAP A IRIGHIA f Qradalanag,( 1. for a mechan cal

oscillator according to claim13, material is added to at |east
one of_said symetri cal countermelghts (18) synmmetrically in relation to

[ [
ts aﬁjﬁ % chéﬁlcaa oscillator according to claim 14, in which the
third material is heavy material with a density greater than

15 g/cm’.

16. Mechanical oscillator according to one of claims 11 to 15,

in which the first material is diamond.

17. Mechanical oscillator according to one of claims 11 to 16,
in which the plate (16) has a thickness comprised in a range

from 0.05 mm to 0.3 mm.

18. Method of balancing by removing material from a balance
(10) for a mechanical oscillator according to claim 13, in
which material is removed from at least one of said
symmetrical counterweights (18) symmetrically in relation to

its axis of symmetry.

19. Method of balancing by adding material to a balance (10)
for a mechanical oscillator according to claim 13, in which
material is added to at least one of said symmetrical
counterweights (18) symmetrically in relation to its axis of

symmetry.



