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

i sochronism Different mechanical oscillators have al ready been
proposed for wistwatches. Generally, such oscillators are designed
in the formof a hairspring-bal ance that produces oscillations
defining the natural frequency of the oscillator. This natural
frequency divides t t 4 q§nt|cal units so as to order
the escapenment of ah%gﬁéﬂ&g?ﬁ 6%@& %&ﬁﬂ FOR R TIHERLESE its gear
train. Thus the accuracy of a wistwatch depends on the frequency
stability of its hairspring-bal ance. Several paraneters such as

vari at i s RIPIERpermaitaoinEgRatre FPefdBeahenical swinslaten Her a
anpl i t udgnof; dhe Qse At %&%Mh{?%%&&éﬁ&f dde of TRUCIY o

stabilify of a hairspring-balance. Vafiations in temperature are

capablewtﬁStnﬁnnhnghﬁhehﬁalaehp@hsd@ﬁnﬁaﬁbﬁ:h@opatancemand of the
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solutions, the use of a beryllium copper alloy bal ance associ at ed
with a hairspring produced from specially designed alloys, such as

for exag@lerd NviiraaRdcelsi BY2h, a¥hiveRiheidnsi ckelehporn@lddy daergca
very | ow ex anS|on coefficient nmust be noted in particul ar. However,

this typtelsis 1A syt iffsiensarice the stmlitydesiaf vdia osmigdations of
fields. t@uguw@esgﬁgetfCtrhenefvs@&déw@ t@%%cm;beoysgd H Py %ﬂq{‘ﬁe

production of the hairspring continues, own ‘for exanple
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on t he smchruisldly @izst irdistey tef 4 heamiettdlon 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 leading to an
isochronism defect of the hairspring-balance. Thus, all these

parameters are capable of altering the natural frequency of

the hairspring-~balance.

Toe compensate for wvariations in temperature, the materials
used for the production of the balance and hairspring in the

mechanical oscillators used most often are chosen such that



To conpensate for the effects of the magnetic fields other than by
usi ng new all oys specially designed for this purpose, it has al so
been proposed that the hairspring be produced froma non-nagnetic
material, such as quartz for exanple, 4while producing the bal ance
fromberyllium copper as descri bed above. However, this type of
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bal ance and hairspring are selected such that the values of their
coefficients of thermal expansion are simlar, very |ow and of
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anplitude, as well as to magnetic fields. 4 This object is achieved
by a nechani cal oscillator conprising a balance and a_hairspring
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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 in temperature,
magnetic fields, the attachment points o¢f 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



More particularly, this object is achieved by a nechanical oscillator
according to the invention, characterized by the production of the
bal ance and the hairspring fromthe same material. This production of
t he bal ance and the hairspring fromtRe sane material allows for the
avoi dance of the conpensating effect of the hairspring in relation to
t he bal ance, which thus has an al nost constant inertia. Because of
this, tdehgghf -degmeensafi dsobbtoeksmt bélbaliagceatantot k@enkaiatspraqugl
becones_negl. gi.bl e. The enbodinent details and the advantages of the
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way of exanple and jllustrated by the attached draw ngs, which show
di agr amhat9%ddN y*5€'g. 1an enl arged top view of a mechanica
oscillator according to the invention, Fig. 2an enlarged
cross-sectional view of the nechanical oscillator in Fig. 1, and Fig.
3a di agtameSBERLAg hi 1By PatEshEFIIRORacet dapiandd etent rape®anitosl
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expansion is positive and less than +1*10°%® X!. The hairspring
is manufactured from a continuous carbon fibre composite with
a texture that is twisted or parallel in relation to the axial
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 materxials
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, in 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 is 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.



Figs. 1 and 2 illustrate by way of exanple 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 nounted rigidly on
the arbor 14 and counterwei ghts of a first type 18 and of a second
type 19, a collet 20 and a roller 22. The hairspring 12 is produced
froma material that nmay or nmay not be the sanme as that used to
producehtibe ouljekce 16 ofcHikerdaplance rdbhaAGeendiditilla s& opr @orbireding
enbodi nent of the <{esegt_inventio , the hairsgring 12 i s produced
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in the extension of the arns 16b, by holes 16d oriented parallel to
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base of the felloe 16¢ can be produced in a different material from
the plate 162 HI% ag@F i'VERe* Plate 16 is, for. exanple, produced
from di anond, a di anond coating can be applied to the felloe 16¢c so
as to obtain the sane_physical characteristics for the felloe 16¢c as
for th&ifl-ate 162N MBRE2HEPEI CHCsEyechéerrti Ngeto of pklee emeehanical
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preferably from2.5 to 4.5 g/cnB, and even nore preferably from3 to
4.0 o/ qmB. dfreef efdblgwidde 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.



7 bal ance 10 and the hairspring 12 have a nanodi anond coating. This
coating can al so be advantageously applied to a hairspring-bal ance
known to the person skilled in the art, such as, for exanple, a

hai rspri ng-bal ance conprising a bal anag produced from beryllium
copper alloy associated with a hairspring produced fromspecially
desi gned al l oys such as for exanple invar. As can be seen nore
particularly in Fig. 2, the plate 16 is resting against the seat 14a
and pospidoneqd bynd he cyiingsisal By tydfCor! tedamdieced t0aihg, anhor
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first a%rbé)g(qen&%lgﬁ}artlﬁ slgxﬁgng?'/%élytdonee S'Lﬁgtlgéfet' er the inertia of the
bal ance. The counterwei ghts 19 have a centre of gravity that is

offset in relation to the axis of the hole 16d.into ich th are
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In order to allow this rotation, the counterweights 19 conprise a
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al | owi ngnd,qfa18 Thdpehs®Bnf a8E€NEHY-to 2%10° ppm/°C at most. This
coefficient of thermal expansion is preferably 5-10"° ppm/°C,
and even more preferably 2:10"° ppm/°C at most. The apparent
density of the material 1is 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’.

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

generally, a diamond-based material. WNevertheless, other



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
tenmperature. Mreover, this material is capable of conformng to the
mar gi ns established by the chrononeter standards of Swi ss watchmaki ng
given in Table 1 illustrated below. Table 1: Chrononeter standards of
Swi ss watchmaking: Disqualifying critedia /d) NlnlnunreqU|renents (s
Categories 1(0>20nm 2(020mm)

materials can be used, as described in more detail below, such

as, for example, guartz, silicon, carbkon, titanium or ceramic.

As Fig.2 shows, the arbor 14 of the balance 10 has an axis of
symmetry, referred to as the axis AA, that is also its swivel
axis., The arbor 14 1is conventionally precduced from hardened
steel and comprises a seat l4a, cylindrical parts 14b, 1l4c¢ and
14d arrahged on either side of the seat 14a and intended to
accommedate respectively the collet 20, the plate 16 and the
roller 22. Its ends form pivots 1l4e and 14f intended to be
fitted into bearings created in the frame of the timepiece,

not shown on the drawing.

The plate 16 comprises a central hole lé6a and eight radially
oriented openings defining eight arms 1l6éb. The outer ends of
the arms 16b are Jjoined together to form a felloe 1l6c. This
latter is pierced, in the extension of the arms 16b, by holes
l16d oriented parallel to the axis BA and in which the
counterweights 18 and 19 are fixed. The base of the felloe léc
can be produced in a different material from the plate 16. In
this case, if the plate 16 is, for example, produced £from
diamond, a diamond coating can be applied to the felloe 1l6c¢ so
as tc obtain the same physical characteristics for the felloe
16c 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 is 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 510" ppm/°C,
and even more preferably 2+10"% 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/cm3. Preferably, the



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

balance 10 and the hairspring 12 have a nanodiamond coating.
This coating can alsc be advantageously applied to a
hairspriﬁg—balance known to the pérsen skilled in the art,
such as, for example, 2 hairspring—balaﬁce comprising a
balance preoduced from beryllium copper alloy associated with a
hairspring produced from specially designed alloys such as for

example invar,

As can be seen more particularly in Fig. 2, the plate 16 is
resting against the seat 1l4a and positioned by the cylindrical
part ldc. It is fixed to the arbor 14 by adhesive dots 24
arranged in housings made in the periphery of the hole 1léa.
The collet 20 is pressed onto the arbor 14 in its c¢ylindrical
part 14d, <resting against the plate 16. It holds the

hairspring 12, which is attached with adhesive.

The plate 16 is formed of a sheet of a material with a low
density and a low coefficient of thermal expansicn, 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 is essentially 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 ifrom
the materials listed above by way of example, i.e. diamond,
quartz, silicon or corundum. The elasticity and length of

these materials vary very little according to the temperature.

The counterweights 18 are each formed of a nall 18a with a
cylindrical shape having an axis of symmetry, referred to in
Fig.2 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 18¢, and a ring 18d produced from



G eatest rate variation 5 7 D Difference between hori zontal and
vertical -6 +8 -8 +10 P G eatest rate difference 10 15

the same material. The body 18c of each of the counterweights
18 is fitted into a hole 16d, the head 18b resting against the
plate 16. The associated ring 18d is fixed on the other side

of the plate 16, by pressing, gluing or welding.

The counterweights 18 have a symmetrical structure in relation
to the axis BB of each of the nails 18a. In this way, when the
temperature changes, the nails expand or contract radially in
relation to the axis BB, but their centre of gravity does not
move. As a result, in a first approximation, this expansion

does not alter the inertia of the balance.

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 19%a provided
with axially oriented slots 19b, 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




C Thermal variation 0.6 0.7 R Rate recovery +5 +6 Non-limting
exanples of materials satisfying the criteria indicated in Table 1,
whi ch can thus be used within the context of the present invention,
are dianond, titanium ceram c and quartz, as already described in
nore detail above. These materials have the follow ng physical
properties: Apparent density:

9
Vmax | Greatest rate variation 5 7
D Difference between horizontal{-6 +8 -8 +10
and vertical
p Greatest rate difference 10 i5
Thermal variation 0.6 +0.,7
R Rate recovery +5 6

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 quaftz, as already described in more detail above.

These materials have the following physical properties:
Apparent density:

- Dpiamond: 3.515 g/cm’ ‘
- Grade 5 titanium: 4.42 g/cm®
— Ceramic A|203;3.ngcm3

- Quartz: 2.6 g/cnm’

Coefficient of thermal expansion:

- Diamond: 1+107° ppm/C°

- Grade 5 titanium: 9-107° ppm/C°
- Ceramic A:20s: 10" ppmsc®

- 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 is 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



D anond: 3.515 g/cnB Gade 5 titanium 4.42 g/cnB Ceramc Al 203
3.5gftnmB Quartz: 2.6 g/cnB Coefficient of thermal expansion:

D anond: 1.10-6 ppmiC G ade 5 titanium 9.10-6 ppmiC - Ceramc

Al 203: 8 10-5 ppmC Quartz: 0.5-10" pgm C By specifically choosing
t he 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 thernmal
expansidsgraeed ah o@ﬁ¢¢ﬁnﬂnﬁaﬂasgfraUh@s negthaoiged obsai hkatodbrite be

parti CLQCEH |e¥redas %a‘t% Cgl %égrgﬁoreﬂb%éln%%t 01:a gha ]prrgﬁ]egt

conprising the b ance and t airspri I'S "produce
mat er i dlnvendtions wer y1$tsht&ted JrreIEaigl oﬁ to the tenperature, its
frequency is very stable and varies very little depending on the
tenperature. This frequency stability is increased by the fact that
the coumtar wei ghlsudBritwe aaficiedhreant sRoRingr aykinpid rdliaki orate
the axis of the balance 10, _This allows a high 10
variations of two different mechanical’ oscillators by way of
example, These daily rate variations are represented in
seconds (Is]) on an axis 41, depending on the different
temperatures at which the corresponding mechanical oscillators
were tested, These temperatures are represented in degrees

Celsius {([°C]] on an axis 31.

A first curve 30 illustrates a daily rate variation of a
timepiece comprising a standard mechanical oscillator. As Fig.
3 shows, this wvariation in daily rate is 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 1s 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 o¢f 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, & magnetic field cannot

interact with them. Only in the configuration described above,



degree of isochronismof the mechanical oscillator to be achieved
according to a preferred enbodi mrent of the present invention, as
illustrated in Fig. 3. Fig. 3 illustrates a diagram show ng exanpl e
daily rate variations of two differenf1nechani cal oscillators by way
of exanple. These daily rate variations are represented in seconds
([s]) on an axis 41, depending on the different tenperatures at which
the contrsponiialy meehanbeal 1asgpdddaiceds Meime ﬁaaﬁdeadad THes€1, can a

t emper at ur es arel%ﬁpresented i n degrees Cel sius on an axis 31.

A first™dard c3d ety dficatasta wc}éilhl Vgt 8TPArF éf‘l' oﬁ’u f the jipddvesee
conpri M@ sstafdak e 8L hadi gl ctosGilhkakere. As Fig. 3 shows, this
variation in daily rate is conprised between being 6 seconds fast, as
poi nt 32 indicates, and 4 seconds slow, as point 34 indicates, when
the tinBpiA9¢,i Sad e@ﬁgdsb@caf&an%ag chegeraldl e DetapeR 5. gheH38
C. A second curve 40 1llustrates a daify rate varration o P
t|neplé@@\MWﬁtatlﬁsl$rm@@©edsmﬂphraWheteanhealo@sthbla@meraa¢oﬁdomg
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in this case ally ratevariation |sr80np I'se

runni ngndsastofttled Ibaksnqeoi M 42 nadlcatea gandnbeiorgnapproxdinegetekby
1.3 segqnds slo as po nt 44 indicate durinpg testing of the
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C. It nusiudeg.pointed out, nevertheless, that this frequency
stability relative to the tenperature of t he nechani cal oscillator
according to the invention is added to other advant ages obt ai ned by
the chope ghihhe matgLiahyse pecause '
maki ng up tﬁe %a anc% fo an t%# i?%rsp 15 are noﬁ&2§6netﬁé %hé
magnet ikglfdngied t@nrive ket epaotunkedh wrhém ampyrtncmh@rbpnfﬁaywuatabd)a
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|nfluenmsuﬂytmnﬁﬁnmamwacf¢mnexsmp&acbraaélprzanmaﬂqrEﬂthea&ather
specific gravjty of the,materjal fromwhich th late 16 is made i s

| ow, V\Aﬁals%'t h%\lﬂgofexﬁ)ﬁé‘sﬂrﬁf‘er?% F?orﬁ%ﬂt&?‘ﬂeﬁgﬁ&gun]t%'rwgiggh‘f%ulf%,b§9
are madmeirdtheht ghdutbe.total mass of the balance 10 is low for a given
nonent of inertia. The result is that the isochroni smdefect can be
further reduced. The gold or platinun1couptermeights 18, 19 allow for
the bal@ngs 19 tOquaHEQgU%Q ‘Mﬁr@p@e@éﬁt G5t afagyb 3ypuEabl ?thQWEQB
of |nert|a/nass ratio. is also possible to use less costly

mat er i dtss, dbpe é&anpeﬂohl@gscnw fedbnmg hmtehéalatﬂ@nscasperation is
expansi t h o] ht,s, 1 e further, reduced
Generalﬁ%r}rqbgl aﬁ%ﬁslﬁg V&rrl%‘pﬁl cegd\r'}%rg eo 5 lg"an%cg,d.w kln%aﬁmbeta%ne
by rennmuumyemmeagutag h&terwhdch'Hhayeoparasymmet31céﬂrlgﬂtumﬂure in

particul arly adyan eously b ki ng on the _counterwei ts 8, .

Do oh eeei ol KT ERRTRl Sl 5 BB o BOT AN aatorl SR & FBt, PREe ofpeaid
Mor eove:rourmerbeaght@ne.qu;rztef@framyd HERUME e s e 5o alB @ﬁ&é@rabﬂ{ BAS
a cylindrical shape with an axis BB in the part of it that is fitted

into tH&YS &Fe 106 LhenPardePlt dLpkBaknts t hiditredyifikar Gpef pdmtleilfy In
af fect efhgdrt 45 possbREe R ine rBbm bbhg rgefﬂm || % of sby
firing a Iase% a? engﬁrﬁhgngﬁafg?ﬁfst?éndone éven y aé%%ssy%hés
whol e simsfsé@éeofiosyfﬁ’ﬁ@ﬂﬁl pateyish edthey oreaianiealadyi s»rBBy Kt riisgakso

Possi blieded. gl B! o1l SPLRYE NG00 OLPNA0E QNBHLPTabhEes cne

countermelghts 1 sti ensur rng that the s nmetry 1S Yrai Rt Al he
rel ati othdle mmeﬁamesoBBsYﬂmmtxlphélpresemélanyemttonthésaxmbaBBs at

bal ance SLGEn RPRRLBRF 268 Byo RCFELE: (A HRVEr Calond PERoved oF PEFr
at | easif G:IT% Qfoxﬁﬂ;le(iwelghts 18, still ensuring that the symmetry is
maintained in relation to the axis BB. Thus, the present
invention alsc claims a method of balancing by removing or
adding material from/to the balance 10, characterized by the

fact that material i1is removed from at least one of said



12 counterweights 18 symretrically in relation to the axis of the
cylinder or by the fact that the bal ance is achi eved by addi ng
material to at | east one of the counterweights 18 symretrically in
relation to the axis of its cylinder.1%inally, the material used to
produce the counterweights 18 preferably has a specific gravity
greater than 10. It can in particular be produced fromgold or

pl at i nu:rdjun\ﬁ/@irh§1§h€s baB aﬁyméﬂr:&ﬁwll}he].rh&idl%wﬂoﬁg tb2 taee srigddgedne
from di anond. [ he rati o between the nonent of inertia

th
and t hé&Ydd: Fl@rgpﬁvaﬁ F%cEaF??EuF%?I9a¥%ﬁﬁﬁn%ﬁﬂ4§hqqyeﬁu§ﬁ ardénge

poi nt eGhadeirikhat , rgleperdi Nnge g8t t hejaat estal thiom whighethei plat e 18
is made, it is also possible to add material to it or renove materi al

fron1|tsymmﬁﬁrﬁﬁﬁélba%@lE@ﬂ%ﬁ4%ﬁ(ﬁ? fthe pEipoef 18es Wihvlagh a
particul ar enbodi nent is descri bed above, several variations can be
applied to the nechanical oscillator according to the invention

wi t houtFialalldyi ng-ha smauﬂniabnarsedy toAspioduasul the abbunheseei/@mmat iLéns

are al brafe L§3 e%a%“%f 9&9&5 Parl}lecgp alede jtsﬁabapﬂdvs It( 16372l a

Mechanitcal 0Sci Iator ofa t ece r|S|ng a balance
hai r sprdaxg ich2pr |newnp1:d51dmdsmd baﬂ:a:mce golQ) and piwthmm sprwhﬂge( 12he

are pr d ced fr g aaﬁ leSt,ﬂHtﬁ%la| sai d bal ance

conpri nﬁep té“ 18; BR-EPTHIEK s%r?xﬁﬁﬂqQﬁ§T|§¥9Q P&ﬁ&@nﬁroﬁﬂ
0. 05 muHie Owa’y,mmhbn MY satfledh r sheMaididd! 68 Qhedtdbannd, the
quartz or ceramc type. 2. Mechanical oscillator according to claim

1, in ARecHEdgi graulancks ANt komiilyefanauaabbe - (14) hol di ng said
plate (16) and counterweights (18, 19) nounted on said plate (16),

and in which said arbor (14) and said counterweight s (18, 19) are
produced fmush atlseabe eodngedormbtnadtierti,aldepending on the material

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

particularly on the felloe 1l6c¢.

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.



3. Mechani cal oscillator according to claim2, in which said arbor
(14) is produced from hardened steel and at |east one part of the
counterwei ghts (18) is produced fromheavy nmaterial, the density of
which is greater than 15 g/cnB. 4. Mechanical oscillator according
to one of the previous clainms, in whigh the first material has a | ow
coefficient of thermal expansion of a maxi numof 2*10-6 ppmiC. 5.
Mechani cal oscillator according to one of the previous clains, in
which the first material is non-nmagomtiMms. 6. Mechanical oscill ator
gccordingfto one of the previous claims, in which the apparent
ensity of the first materjal is conprlsed n arange. fromz2.0to 5.0
g/cnB.  F: Nb@ﬁ%?ﬁ?ﬁﬂalogﬁ?*%¥§F8F Eﬁﬁxﬁ*&ﬁﬁ%p%?§  PETPA £ 18N 2 ikt 6 Fhe
first mat@p) adnd s dearspdnbased).. 18 wivbchamiechilanss (L&t ormdagsdr di ng
to one Ohaﬁbﬁpﬂrr%w(wﬁ acﬂeab%duééa whb@ heHh @ atk NEDIRC RatSriml, said

wr i st wat %_‘1‘6 nce %ha parlls‘ol.ﬁé % (Ere f(fg) %rltthn'%pﬂ}@%?ngggpé‘d L9 ge &

bal ance hat ance

conpri sesn al’ﬂangé 6I‘-’3‘Pe° (OPG)“‘“p‘?‘b @eﬂmf rjdiﬂw&lF]Pr%atldnﬁfLE‘?if d?ate§é?3d

pl ate (16r bawi ngaactdl) ckraess commreséed typea range from0.05 mmto
0.3 mm an arbor (14) holding said plate (16) and intended to ensure

that the balance SW Vv . . . .
echaggc ﬁlgsgi a o% gg%é@ 1n%x£§’claim 1, in which said

balance {10) comprises an arbor {14) holding said plate (16} and
counterweights (18, 19) mounted on said plate (16), and in which
gaid arbor (14) and said counterweight s (18, 19} are produced

from at least one second material.

3. Mechanical oscillator according to claim 2, in which said

arbor (14} is 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/cm’.

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%107° 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 c¢laim 1, in which the

first material is diamond-based.

8. Mechanical oscillator according to one of the previous

claims, in which the timepiece is a wristwatch.

9. Mechanical oscillator for a timepiece comprising a balance

(10) and a hairspring (12}, in which the balance (10) comprises:



counterwei ghts (18, 19) nounted on said distributed symmetrically in
relation to axis, plate (16), said swivel said hairspring (12)
bei ng produced froma second naterial and said first and second
materials being chosen fromdianond and quartz. 10. Mechani cal
oscillator according to claim9, in wh#ch said first and second
materials are identical. 11. Mechanical oscillator according to

claim9 or 10,_1i.n ich | east an art of said counterweights (18)
has a cylindrical ©s %{)e{?’%ﬁu Fe %clegngf(gma&h F45F% Bi-eyAtret ¥ Ritte
part of it that {5%)fheFdaginidishnesplcarer{as) insai tngsuirenweioghts
(18) having a synwet.3i eal structure in relation to the axis of
symetry. 12._ Machawi.cah 49Sgdld: 3oL ﬂg(bqggén g)oggﬁeil&fen%{eﬁ! B 9 to
11, in which saigngggpgggwqg h%s 18) are produced Trom a ird
material having 3 Specific d%h At E4T8F ?Hﬁﬁ’ip@ "Eyel Mt ani cal
osci |l ator accofaPReIsi6ha# nilB2, 1Ph weinckhdt ére sakiidr dismtiguicatl is
heavy material Wsgimeardeasiy mngfemﬁronghanaﬁi%,glpwﬁe . (1%4{ hMe:‘:ih?rs]!c cal
oscillator accgedi nig; ; I n iC e _
material js d%gagn%?lJeg. QQ%% %{)a&%?kﬁ% a(r%tg?ngejb%? é‘ﬁ\é\rr_lg)k‘/‘i:endg rale?i al
froma barsRts T%lﬁira‘ﬁi\%@&ﬂaﬁ% 2ge cFeRdofakiciGrl snhe g ahopsn
renoved fGrem dtanedsendomarerwei ghts (18) symmetrically symetry.
ding to claim11l, in which one of said symmetri cal

10. Mechanical oscillator according to claim 9, in which said
first and second materials are identical.

11. Mechanical oscillator according to claim 9 or 10, 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), s=aid counterweights (18) having a
symmetrical structure in relation to the axis of symmetry.

12. Mechanical oscillator according to one of claims 9 to 11,
in which said counterweights (18) are produced from a third

material having a specific gravity greater than 10.

13. Mechanical oscillator according to claim 12, in which the
third material is heavy material with a dengity greater than 15
g/em’.

14. Mechanical oscillator according to one of claims 9 to 13,

in which the first material is diamond.

15. Method of balancing by removing material from a balance (10)
for a mechanical oscillator according to claim 11, in which
material is removed from at least one of said symmetrical
counterweights (18) symmetrically in relation to its axis of
symmnetry.



inrelation to its axis of 15 16. Method of bal anci ng by addi ng
material to a balance (10) for a nechanical oscillator according to
claim111l, in which material is added to at |east one of said
symmetrical counterweights (18) synmetrically in relation to its axis
of symetry. 15

16. Method of balancing by adding material to a balance (10)
for a mechanical oscillator according to claim 11, in which
material is added to at least one of said symmetrical
counterweights (18) symmetrically in relation to its axis of
symmetry.



