1 Timepi ece novenent with a bal ance and hairspring The present invention
relates to a.tinepiece novenent, nore particularly a novenent conprising a
bal ance- and- hai rspring type regul ator and an escapenent. mmmmnmw@mumg
bal ance of a conventional bal ance-and-hairspring regul at ting,
the hairspring devel ops eccentrically owing to the fact_that«sts+centre of

gravity is not on the axis of the regulator and is noving. This eccentric
devel opnent generates large return forces between the pivots of the shaft

of the regulator apligeligVenitit with #¥HiIEclAA@AalApAREt e, i ch T or ces
In

furthernore vary pendence upon the oscillation anplitude. These return
forces disturb the oscillations of the bal ance and affect the isochroni sm

of the evef\gsgrqrrt;im«jtnl‘tjigfex ?el%i@g{oeaatﬁﬁ%}ﬁ%%trﬂ&;eﬁle}{@moe rké??ﬁlléﬂ}' dgpeadance upon the

oscil latian 0 overc I's pro e present applicant has
pr opos edbmpirisinigtabajsatead-ERrspirB 604 regalabalaad e esaperhaitr spri ng regul at or
whose outer turn of the hairspring has a 15stiffened portion arranged to
nmake the devel oprment of the hairspring concentric. However, it is known

t hat t h@hAQRRERHIArcs of ¥ c&fvehiishallBaigl copr@Mairgring réulatsinis bswgllatmgnibe t he only
factor which has an influence on isochronism I\/bunged jn.a rmvggent, t he

r equl athsirspringreyelgppecgensfical heoveng ipbréast thahitesentrg QE8@VLY AL BEs. | n fact,
during Lt 380 RIAGng. [ s QAR BV eldpindtl BbRE1&MaleR réufesSi St ant
torque 5 %fr%fe?y{yﬁgﬁﬁrﬁgd gf cen%'rggféanﬁ Thi S cpzltljseg a I_osg_.geDuri ng the

i npul sefopleabetwetmthepixgtd aftthe shiag of thy) reguletdr ansl the Hearipgs irowvijge theyr st 1y before
the line of centres i.ch cause ' AL i, of centres,
whi 1cdn crgﬁ?geeé’v%écqﬂ f:())rs‘:g? g%?rf’%‘slﬁg d&%ﬁ%ﬁ&ﬁgh?ﬁ?ﬁ%&gﬁ)ﬁﬂﬁn S ué rate | oss and
thi s di Bhidse banadoceddisdrinie bivillaivanpkthe balane apd effe@thd isochserasm obsci | | ati on

anplitudes of the 25bal ance than it is for |large oscillation anplitudes of
the bal BAOVemAR p-BEHRSE|thR W YapiatansHR deppng c%ﬁ’@?“ ﬁ'ﬁﬁ’ts%'b%t“f“he i schroni sm

of a balANGEaANE: KRIIHR thRProudaH] e preséii phlRakttas pRipesddl PHGSRtna ti Mepi ece
novenent conprising a bal ance-andhal rspring regul ator and an escapenent
co- oper BR il #1p 6t tbalanse andrhpiatroing regwateruvhase ouentug ofghe hHESPRAS Fa9? i ng
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al so arranged to
However, it is known that the concentricity of the development of a hairspring is not the
only factor which has an influence on isochronism. Mounted in a movement, the
regulator is disturbed by the escapement which causes a rate loss. In fact, during the
20  unlocking phase, the regulator is subjected to a resistant torque before the line of centres,
and this causes a loss. During the impulse phase, the regulator is subjected to a drive
torque firstly before the line of centres, which causes a gain, then after the line of centres,
which causes a loss. Overall, the escapement thus produces a rate loss and this
disturbance caused by the escapement is greater for small oscillation amplitudes of the

25  balance than it is for large oscillation amplitudesof the balance.

The present invention aims to further improve the ischronism of a balance-and-hairspring

regulator and to this end proposes a timepiece movement comprising a balance-and-

hairspring regulator and an escapement co-operating with the regulator, the outer turn of
30 the hairspring comprising a stiffened portion arranged to make the development of the

hairspring more concentric, characterised in that the stiffened portion is also arranged to

.

T

—_ *G00002 .-
SN



2 at least partially conpensate for the variation in the rate of the
novenment in dependence upon the oscillation anplitude of the bal ance caused
by the escapenent. It has been surprisingly noted that by experinenting
with the arrangenent of the stiffened 5portion of the outer turn of the

hai rspring, for exanple its positicwz extent or thickness, the overal

I sochroni sm of the novenent, taking Tnto account the disturbance caused by
t he non-concentricity of the hairspring and al so the disturbance caused by
t he esc ERE i | M A+ TR ' r ul at or
describ%g In pg?gﬁghégmﬁgggggﬁyxﬁ%ﬂﬁ‘egﬁﬁgﬁgﬁﬂgﬂségfﬁ%t%?Fkggﬁgﬁgportion IS
ar r angeepondhgessilatien amplitude ofcthebajfincatcalissd by the estapement. at | east 4 s/d, or
even at least 6 s/d, or even at least 8 s/d, at an anplitude of 1500 with
respect to an anplitude of 300, at |east partially conpensating for said
rat e vanhadbeen soprisiaglymytedhieat &g eapeiimenting bith lthe atmgédaneE thel stiffegeds | 1 St

enbosgi nent., %{}ﬁ stiffen%d g rtiqQn is closg, to the outer end of the
hai rsprR4iYOR HEA® QUEHUE} ¥ e BTSBEPS AP RINRR RFFBLP AERe t he
devel opgreBlerafl isoBitomah ot d Mvepiéns takitd iatd atchidih HRUidrbaRGaMediby, t he
t hi ckness and extent of the stiffened portion being able to be

subst anthF app-yoncgeticity af the bairspsiss and alsaiihg distarbanseiceused by thef ened 20porti on.
In accoldantaiiobild Be ofeh ngnoﬁgpm&iw?&\%\%ec E)ethéfe%ggfaﬁﬂ%gso?@w I hiar? ¢ hi nner
I Ch wou € aeve

than a theoretical stifrened portion make t opnment of

t he hai EBp4736§4substantially perfectly concentric, the position and extent
of gﬁe stiffened portion being 25able to be substantially identical to

t hose of said theoretical stiffened portion.

Advantageously, the stiffened portion is arranged to produce a rate gain of at least 2 s/d,
or at least 4 s/d, or even at least 6 s/d, or even at least 8 s/d, at an amplitude of 150° with
respect to an amplitude of 300°, at least partially compensating for said rate variation

caused by the escapement.

15
In accordance with a first embodiment, the stiffened portion is closer to the outer end of
the hairspring than a theoretical stiffened portion which would make the development of
the hairspring substantially perfectly concentric, the thickness and extent of the stiffened
portion being able to be substantially identical to those of said theoretical stiffened

20  portion.

In accordance with a second embodiment, the stiffened portion is thinner than a
theoretical stiffened portion which would make the development of the hairspring
substantially perfectly concentric, the position and extent of the stiffened portion being

25  able to be substantially identical to those of said theoretical stiffened portion.

In accordance with a third embodiment, the stiffened portion is less extended than a
theoretical stiffened portion which would make the development of the hairspring
substantially perfectly concentric, the position and thickness of the stiffened portion

30  being able to be substantially identical to those of said theoretical stiffened portion.



In accordance with a third enbodinent, the stiffened portion is |ess
extended than a theoretical stiffened portion which would nake the
devel opnent of the hairspring substantially perfectly concentric, the
position and thickness of the stiffened portion 30being able to be
substantially identical to those of ,said theoretical stiffened portion. 3
O her features and advant ages of the present invention wll becone apparent
upon reading the follow ng detailed description with reference to the
acconpagy| 8 Be P resont i GeHi B W1 88Bordt fiRhFcAPERORAD_havi ng “a
sti ffe?\(g%yo%%tg{eg%d% pora??son Wrgscegolrdancg vmht h 5t hzg)%pr i_orIj art, a.collet
associ atstinght foltdwisg detaitedpiesaniptibe mith refeenee weheawompaniingg drpwingdashed | i ne;
- Figure %‘i ows an i sochroni smcurve obtained by digitally sinulating the
nmovenedP "8t he geonetric centre of the hairspring shown in figure 1, the
regul at-drig@e 10S Cishdvad Ohaitpiindhdvinigsa hiffenspoutagrufroparsomaraccartarive ivith
consi dered 10to be free, i.e,, not, Sqlljbjgg(:t'e to the action of an
escapenment ; - Fi GRS &Hoheollshassaginted withhis Apisspring REing A resul ts
obtai ned on a regl,JRYielR Yy H@shaPis; hai rspring as shown in figure 1; -
Figure 4shows a hairspring having a stiffened outer turn portion in
accor darfiguei2t h ahﬁi\iv-?@tIS@C%MG&FWWCQPtatﬂ%bVﬁ%ﬁHY gmulating the qure S5shows an
i sochroni sm curv ' YoeGiniric 2bhtte S (HY! bAfe SR RIRN, $heof the
geonetric cent req%&b%{é{gﬁglﬂgsgﬁ%ngl shovﬁw in %ﬁ:}shrgg 4, the\ﬂr%egpl ator or
osci | | ator whi ch regilgtohaiossifiatonghich tiis hpiespting forins ipay of beisg densisigrado be free,
" g not  subj eCttg ge -..rge,ti.gﬁng'tcs:[u _%Qtegfto 1 aSfior ag%géapement;
- Figure 3 shows overall isochronism measurement results obtained on a real
movement having a hairspring as shown in figure 1;
- Figure 4 shows a hairspring having a stiffened outer turn portion in accordance with
a first embodiment of the invention;
15 -Figure5 shows an isochronism curve obtained by digitally simulating the
movements of the geometric centre of the hairspring shown in figure 4, the
regulator or oscillator which this hairspring forms part of being considered

to be free, i.e., not subjected to the action of an escapement;

- Figure 6 shows overall isochronism measurement results obtained on a real
20 movement having a hairspring as shown in figure 4;
- Figure 7 shows a hairspring having a stiffened outer turn portion in accordance with

a second embodiment of the invention;
- Figure 8 shows an isochronism curve obtained by digitally simulating the
movements of the geometric centre of the hairspring shown in figure 7, the
25 regulator or oscillator which this hairspring forms part of being considered
to be free, i.e., not subjected to the action of an escapement;
- Figure 9 shows a hairspring having a stiffened outer turn portion in accordance with
a third embodiment of the invention;
-Figure 10 shows an isochronism curve obtained by digitally simulating the
30 movements of the geometric centre of the hairspring shown in figure 9, the

regulator or oscillator which this hairspring forms part of being considered



-

- Figure 6shows overall isochronism neasurenent results obtained on a real
20movenent having a hairspring as shown in figure 4; - Figure 7shows a

hai rspring having a stiffened outer turn portion in accordance with a
second enbodi ment of the invention; - Figure 8shows an isochronism curve
obtained by digitally sinmulating the novenents of the geonetric
centre of the hairspring shown in fﬁgure 7, the 25regul ator or oscillator
which this hairspring forns part of being considered to be free, i.e., not

subjected to the _action.of an escapengnt.. - Fi ws a hairspring
having a stiffenl _%Jﬁm%ﬂﬁ“%S&?f%ﬁE?%ﬂ3885?3§%%§%%??h a third enbodi ment
of the invention; - Figure 10shows an isochronism curve obtained by

digitally sinulating the 30 ts of th _
nar s pifie S ReAs 4 ReLimehroes tarby Gareedor PAFge 4 Ra0ER ket i <
hairs prahﬁl-(ﬂaifréﬁ‘i'iﬁg r@MdtorQf alfhdpiece AbVEMBAE T hishalrSprit, Hésamated.bg. , not

subjected to t action of an escapenment. Figure 1 shows a flat hairspring
of Bhe refpppaceismeraloleds inthgpsapnel RATEhinTsiean spirel 2pdds fixetRaiRiAL €pr i ng

regul ator of g 4 ,L,{;f&géoegﬁhggﬂﬁgﬂg%bﬂmc% aHaby AP blBGenddeRi et @t by

Sreference nunera s In ape of an” Archi nedean spiral and is fixed
by its showeymeutedort ofigedomirt afttheSmpvameng suchres thecbaddngs-codd TheSPHRE ance and by

ot L b SRR Rk il b f e
silicon or diamond, by a micro-etching technique. The outer turn 5 of the hairspring 1
10 has, locally, a portion 6 which has a greater thickness e than the rest of the strip forming
the hairspring. This thickness e which can vary a'lo'ng the portion 6 as shown, stiffens the
portion 6 and thus makes it substantially inactive as the hairspring develops. The position
and extent of the stiffened portion 6 are selected such that the centre of deformation of
the hairspr.ing, substantially corresponding to the centre of gravity of the part of the
15 hairspring other than the stiffened portion 6, is substantially coincident with the
geometric centre O of the hairspring, which coincides with the centre of rotation of the
collet 3. In so doing, the development of the hairspring is concentric or almost
concentric. In practice, the stiffened portion 6 ends before the outer end 4 of the
hairspring. This outer end 4, more precisely a terminal part 7 of the outer turn 5
20  including the stiffened portion 6, is radially offset towards the exterior with respect to the
course of the Archimedean spiral to ensure that the penultimate turn 8 remains radially
free, i.e., it does not contact any element such as the stud, the outer turn or a regulator
pin, during operation of the movement. The spacing between the terminal part 7 and the
penultimate turn 8 must be greater than that of a conventional hairspring since the
25  penultimate turn 8, owing to the concentric development of the hairspring, moves radially
further towards the stud during expansion of the hairspring. The terminal part 7 is in the
form of a circular arc with centre C. The angular extent 6 of the stiffened portion 6 and
its angular position o (defined for example by the angular position of the centre of the
stiffened portion 6 with respect to the angular position of the outer end 4) are defined
30  from this centre C. The thickness e is measured along a radius starting from this centre

C. In the illustrated example, the values 6 and « are, respectively, 85.9° and 72° and the



1-col l et 3 assenbly can be formed in a single piece, in a crystalline
mat eri al such as silicon or dianond, by a mcro-etching technique. The
outer turn 5 of the hairspring 1 10has, locally, a portion 6 which has a
greater thickness e than the rest of the strip formng the hairspring. This
t hi ckness e which can vary along the portion 6 as shown,. stiffens the
portion 6 and thus nakes it substan@ially i nactive as the hairspring
devel ops. The position and extent of the stiffened portion 6 are sel ected

such that .the centre of def ti f. t he hai.r.spri antially

cor r es pORAPRY O‘t%éhetthlgk‘&eéﬁfﬂse&{)f& r%e?vcwsﬁ Re fﬁhé:rpsﬁglgc:gyr?a%q _ﬁti'hai rspring

ot her taghridgmehiutéNGh PRI eRrthhg ficin Hehrbmbiicabitye Oof el dent with the
geonetric centre O of the hairspring,. vngﬁi ch coincides with the centre of
rot at i dwirsiringhexeept festthesstiffened portipn gg‘,” Rd'Mevel opnent of the hairspring is
concentric or alnobst concentric. In practice, the stiffened portion 6 ends
before the outer end 4 of the hairspring. This outer end 4, nore precisely
a t &r niRigire Pds on Fodfrottibre dogtass obtained ithGhaiingpringshowa g figsredyd portion 6,
is radially offset war ds. the j i 4 hee of the
Ar chi rrecg%‘ S%‘B\l’?[ﬁlin't OT RISHISE nga;a?hdﬁégﬁ%ﬁ??ﬁiﬁgﬁtﬁ %ﬁ’ %ﬁ%&n? grerg%s radial ly
free, iouterend® adBeing fintd amithastiafiomywistke thervollenicnddbe balencearrdixedifé out er

turn or. a regulator pin, durin rat.ion.of . the. mv t,.. The spaci ng

bet weerPeinglreedi Ay A MoyRred | rbﬁ?fg‘g%zgyﬁﬁlﬁ@f’tﬂ'?%?’ mft"g?lﬁ%gg tlr;'r’uﬂsl‘% be greater than
that of ,gvéxQRY 6tk Bstheth@bEntRIO BEthS hilieprind @s Rspanntd osetlaestthembs, owing to
the concentric devel opnent of the hairspri g&r,}cggg\f/)ﬁéleradhﬁily further

t ovkd dsintergolaingcnd iftegTatingdha moV eREH TR s f OFHe™M% mi nal part 7 is
in the fonmael .ﬂe‘yégxg%{)jﬂp% giragram ﬁthlawg %ds@ill@fionTﬁﬁplﬁPMﬁhe BaiRRtin 9 of the

stiffened portion ngul ar position a (defined for exanple by the
angul ar depe=k withrespecttth ¢heomgnilibeiumfposition snd fhieanaxds fhomsitsrats ipiseeniespect to
the angul ar position of the outer. e ' Jd i,54cCentre C.
The thi@i%@%sgéc?‘%bwg%’ﬁf’%ﬂtea eé'ﬁ"é‘méggtglv %’ﬁ%{ §%°g?%‘5"ﬁ§$f’ ﬁ%tr# t8 midagg%tre C. In
the il uséscataBén exphmbeot 300eisvialtheasdd dnd/dwaick is exeslpratt Howeyer, tBB. 90 and 72
and the 5 maxi mum of the thi cﬁ‘ggés g is 88.7 g,@a The thitckness e0 of the
strld f dpgramgloes Botiake 8ioracaRynt sirbancss 6aHsehbY RE e EPEP N i ng from t he
geonetric centre O of the hairspring), except for the stiffened portion 6,
is 32.2 urn. S5Figure 2 is an isochronismdiagramobtained with the

hai r spr Megsuséments wereftalgnron tweity miivgineats of idsnticel fesen, RpHRPsd vt B8y, the

di agram of figure 2 i.s_.obtai i i h I bei ng
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bal Ance VB Lo GG HHeHoRpnEb AL GRHIT S HarG Bl R dbt BT S P movenent
curve ag oderhsiGlds Aballired Bsi2Shé HIBEALGY its mainspring and the measurements
were plotted on a graph. By way of example, the graph obtained for one of these
movements is shown in figure 3. The y-axis shows the rate in s/d and the x-axis shows
the oscillation amplitude of the balance, which decreases progressively between the
25  completely wound state and the unwound state of the mainspring of the movement owing
to the reduction in the force of the mainspring. As can be seen, the rate decreases
progressively as the oscillation amplitude decreases. For each position of each
movement, a curve was interpolated and the rate deviation between the oscillation
amplitude of 150° and the oscillation amplitude of 300° was determined. The average of
30 the rate deviations for all the positions and all the movements was about 6.7 s/d between

said amplitudes. In other words, the rate at 150° was, on average, less than the rate at



anmplitude. The x-axis of the diagram shows the oscillation anplitude of the
bal ance in degrees with respect to the equilibriumposition and the y-axis
shows the rate in seconds per day. As can be seen, the rate deviation
bet ween an oscillation anplitude of 1500 and an oscillation anplitude of
300is in the order of 1 s/d which is excellent. However, this 15di agram
does not take into account the distubbances caused by the escapenent.
Measurenents were taken on twenty novenents of identical design, equipped

with th L rspr.i s.shown in.fjgure 1 and a conventional escapenent. For
bach ool eois By Eh e dfeihin bl o KGR oL SN TERER b ght " VG
verti cato latgefatnplitides, Yedstdrgially cdus¥d by2@¥scap@hddtcal , right; HB: horizontal,

| ow;, and HH. horizontal, high), the rate of the novenent was neasured
during the relaxing of its mainspring and the neasurenents were plotted on
a gr aphThEYreV&Y i EnEX SRS @ave) REted 1P theURERALRSH tlfcqgte%?lgsegfb tﬂ&flse movement s
is shown in figure 3. 'The y-axis shows the rate in s and the x-axis shows
t he dsceichpamenhcauiglal leazién pdrt, tbh sobp¢raatee fonklyinddifertbaseangemenressi vel y

bet ween y -and t he upwound, st ate. of the

mai nspr }htﬁgﬁg%%td %g%\e?té%'hfo\pgg\nmn%g ﬁtgb&ﬁ@onr% ud‘z ri'%nexlyeﬂg? ﬁré&?ro?sce of the

nai nspr thigknesde widnrebecswahs artdngemaitef digaredasissh pivegthe sehy ef theas the

oscilla i.on.arrgl i &ude decreases., For each position of each novenent, a
curve WAUBSPHR&? BYKSSh O 2imAst RHECh SPFeBBiGitht i on between the oscill ation
anplitude of 1500 and the oscillation anplitude of 300 was determ ned. The
average of 30 the rate deviations for all the positions and all the

mov Ehe nlt Svagdiscayssis in articulapthabe prsametsueidhastiffaned sergion prhagingar wor ds, t he
rate at b e r hout 6.7

s/ d. Th?%ﬁ%é%?gg%ége? ?\ﬁ/?{?g%r‘e'grtoésﬁﬁlrs tltP ggséf&%fa'sﬁgﬁ&g}%ﬁf % gf?dﬁg’seg%oﬁlﬁgr espect to
| ar ge afrpvardsabe outesendgsafithe bditspring asatd ghip i$ prodesdayp emelh dscilldtion pr esent

i nvent o . oted that the decrease, in.the te caused by the
5escape&néﬂ%tu%%ﬁ'g@ég%ecﬂgé%rge P??%E)aélf’{’ ?mﬁg&g?)sr&@h%&’tl@&ef Upg r%Bdi fying the

ar r angedevidtioniof it 6171 s7d, Wit BetopPEsite sigh-cOmpale@ wihREM Sadel S POSi tion a
andﬁw its eea;t{ent 0 and/or its thickness e with respect to the arrangenent -
of i gumgasyregipie deyatrsmentioned, abye granibg @btpined dsiwasy the avenlitedes of or  al nost

per f ect 1508 ahE SBU° by hdving thbdirriMRa paitidf BUE ihosfioR 3F Lié@“ﬁrﬁﬂ#l&% ing Paranet er
of the stiffened portion 6 having a particular 1 nfluence on the~i sochronism

is its thesther eharapterBlicsafthasiffened portipd 6 texdenp.ahickugss)constastr dhetrdie out er end

4 of t i Ll i.n S produce t.small oscill.ation
anplitu egﬂeé ?%Séd;%’p%lgte gct%éeeqj%’sﬁgn %‘g ¢ |8? fugbts%ﬁalg'r&%ﬁ?' fFomeesgipd h{e bal ance.
Thus, @&Figated shews deirew lafrsprivpuibtéined, svitl itsBtiffeniddtduter e @pAREI te sign
Cor’%ar eéjes}gngtgd ‘39 (raefgr\ér?gear%%ieral 6’. The movement of the stiffened portion 6 of course

modifies the development of the hairspring which is no longer as concentric. However,
on the one hand, this modification is small — the hairspring still develops in a manner
more concentric than a conventional hairspring (i.e., a hairspring without a stiffened
portion) — and, on the other hand, this modification contributes to improving the overall

25  isochronism of the movement. The diagram of figure 5 shows the isochronism curve 14
of the hairspring shown in figure 4, obtained using the same method as for figure 2. It
can be seen that the increase in the rate between the amplitude of 300° and the amplitude
of 150° is substantially linear and with an inverse slope compared with the slope of the
rate variation caused by the escapement. The isochronism curve I1 of the hairspring

30  shown in figure 1 has also been plotted on this figure 5 for comparison purposes. Figure

6 shows the results of measuring the rate of a movement identical to that on which the



" 15neasured rate deviation nentioned above, can be obtai ned between the
anpl i tudes of 1500 and 300 by noving the stiffened portion 6 to the
position a' = 62 and by keeping the other characteristics of the stiffened
portion 6 (extent, thickness) constant. The rate variation caused by the
escapenent can thus be substantially fully conpensated for. Figure 4 shows
the new hairspring obtained, with it/s stiffened outer turn portion 20
designated by reference nuneral 6'. The novenent of the stiffened portion 6
of course nodifies.the_deve nt of the.hajrsprin i i | onger as
concentPFasuremgHs figurg 4 "Yei’i%lagg‘g%ﬁé?ﬂﬂ','ppte iwéth?rit‘)%? "84 \Sc,grzlmﬁlg g ulIQI04 - the

hai r s prihfgadsdfithdt irfi@Met OPThedd résultRBIRRY thaDthe rate nareation iwas sigaificantyonvent i onal
hai rspring Si .e., a hairspring wthout a.sti,ffened%;?or_ti og;1 - and, on the
ot her Hafused brmevingdhg stiffenp@ ROTEigR 19 the petition & ImRArEcHIaTdn trdangfdial | 25

i sochr opi et el SEPULTTRP wherblife indel SBpEbf fHeGiph iSflahows the i sochroni sm
curve 14 'of the hairspring shown in figure 4, obtained using the sane

nmet tfod as for figure 2. It can be seen that the increase in the rate

bet ween, t anplitud f_. . m) it TRSERTILIN ially

| i near %ﬂ‘gﬁ%pfq% maeneriog%/h%rsgég'gﬁdg%gn%]gﬁ%ag{%nvﬁ“?ﬁe@%8&%01%0}h0f thgmrsat e

vari at i faitkeas 8.2 By biycredingaihe eickaesite, a Tate gaia dcprodwied it sroaliescillatioh t he

hai rspring. 30shq in figure 1.has als ee | ot.t ed this figure 5 for
conpar ias"?}_ﬁ‘“bq%ﬁ 6 égspeﬁitﬁgﬁr%e %SCQE_B% aT‘ﬂ@tuB%Ss Itﬁ%b%?"cﬁbgglﬁsr’ ?Or{ge_x ljﬁglléf ate of a
MoV emeny ratdfRiatieAbf 48dut 6ats/d) Butiticthe obposité sighadbmpariet mith thelaferaper e 3 were
t aken, but eﬂui pped with the hai r}sqgri ng_shown in figure 4 instead of that

i n ¥4 gumeasared Tate deviation menfioapdin relation tohfigure 8.<2p Be ioheingA biees fgni f i cant | y
reduced, by. [ 0 o [ F Qud 38 tHRARiIckhRRe Bf thel N particul ar
in the arrgarqggy%fo?gsr%lgﬁ?éggsgyﬁr%g%agg%%e%h%g%_\rfax)hére tche gnqrgl shape of the
gr aph i giffehedt porGord Genidehe ypanainieg thickoésstnepostianaflpre dhevaled 1 8H-hEW ng an

i nfluence .on the i.sochropi sm.i.s. It . -dec hng the
t hi cknedd by kegplpg e O%rﬁﬂ?r%@%rﬁ%‘éﬁg%‘gg{'ﬁéﬁgﬁ’?ng’%‘c@ﬁ“gﬁ’E%n anpl i t udes with
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t hi ckness proportionally) to the value e = 44.2 j.tmand by keeping the
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por t i onits extent 6. By decreasing the extent 8, a rate gain is produced at small oscillation
20  amplitudes with respect to large oscillation amplitudes of the balance. Thus, for example,
a rate deviation of about 6.9 s/d, but with the opposite sign compared with the average,
measured rate deviation mentioned in relation to figure 3, can be obtained between the
amplitudes of 150° and 300° by decreasing the angular extent 0 of the stiffened portion to
the value 8’ = 43.9° and by keeping the other characteristics of the stiffened portion
25  (position, thickness or maximum of the thickness) constant. Figure 9 shows the
hairspring obtained, with its stiffened outer turn portion designated by reference numeral

6°”, and figure 10 shows the isochronism curve 19 corresponding to such a hairspring.

In variations, the embodiments described above could, of course, be combined, i.¢., at

30 least two of the parameters o, e and 8 could be modified.
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compensating for said rate variation caused by the escapement.
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4, Timepiece movement as claimed in claim 3, characterised in that the stiffened
portion (6°; 6”; 6™°) is arranged to produce a rate gain of at least 6 s/d at an
amplitude of 150° with respect to an amplitude of 300°, at Jeast partially
compensating for said rate variation caused by the escapement.

25 ,

5. Time_piéce movement as claimed in claim 4, characterised in that the stiffened
portion (6°; 6”; 6™) is arranged to produce a rate gain of at least 8 s/d at an
amplitude of 150° with respect to an amplitude of 300°, at least partially
compensating for said rate variation caused by the escapement.

30

6. Timepiece movement as claimed in any one of claims 1 to 5, characterised in that



5. Timepi ece novenent as claimed in claim4, characterised in that the
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9. Timepiece movement as claimed in claim 6, characterised in that the thickness (e)
15 and extent (8) of the stiffened portion (6”) are substantially identical to those of
said theoretical stiffened portion (6).

10.  Timepiece movement as claimed in claim 7, characterised in that the position (a)
and extent (6) of the stiffened portion (6”) are substantially identical to those of
20 said theoretical stiffened portion (6).

11.  Timepiece movement as claimed in claim 8, characterised in that the position (o)
and thickness (e) of the stiffened portion (6”) are substantially identical to those

of said theoretical stiffened portion (6).



