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1 REGULATING DEVICE WITH A BALANCE AND A PLANE
HAIRSPRING FOR A TTME PIECE MOVEMENT The present invention
relates to a. regulating device having a balance and a piano hairspring for
a time piece movement. It is known that 1the turns of a plane hairspring
deform eccentrically when the hairspring is in operation. This eccentric
deformation of the turns, which is 10 explained by the fact that the center

of-gravity of the r?d%'\rz%@%%? o Bﬁn‘lﬁfﬁe sdting of {-I{IQE%E@ERING

of the balance and hairspring assem Iy, turbs
baidRcé ahd HairSpring: adembiy Ehd makes it anisochronous. '5 The

center of gravity of the hairspring could be returned arbitrarily to the

center ofpiptation.of the halance by being:shifted, however that A{V%d?“at vice

ve the problem since during the working of the hairspring the center o
?a‘?'/ltfl%ufd HioOVE A \ﬁ&fﬁlda{hé)lje"f}dfﬁ Hbafﬁ I%ﬂﬁépgoﬁ@lﬂeg\‘/wﬁﬁﬁ% piece
inftiay eentet of gravity. Two different solutions have been proposed for

causing the center-efgravitand the eentgl-ofyetation: to,coincide while a,
plgn ha|rs ring is work| gI[thereb Tgklng the deformations of the turnst
cONcentric: 82 C%He Br&Guerhairaphng With 5ed-cRied Bhilifs Ctrg@ i ot 1on.

whithsarfe@erear/e isaioveatahtra sedond: planeraboverthe Hairspring
plare;ancthe m;qirs@ﬁiagﬂéﬂtamgiatstr@@s desaribeddn 1958/by Messrs:he
E%Ig%&%toag\@gh |n an rtlgle 30 ntttledc" eDlrauxtplats £ rotation
concentriguessans cour oncerﬁrlc at halrsprlngs § Without curvesy
pGHlished B SeRete sa%seadveréﬁﬁahaﬁne%ﬁ@%ﬁrst SGIatoT AMoEREs

tosmbdliylgg e initial plane bairspringsa thap it begomesanhaispiing 3mkes
oggupying-a plurality of planes. That solution does not come within the

ambit of the present invention which relates only to plane hairsprings.
Thepcenter of gravity of the)%aﬁisprlng %ou d be

returned arbitrarily to the center of rotation of the
balance by being shifted, however that would not solve
the problem since during the working of the hairspring
the center of gravity would move and would therefore no
longer coincide with the initial center of gravity.

Two different solutions have been proposed for
causing the center of gravity and the center of rotation
to coincide while a plane hairspring is working, thereby
making the deformations of the turns concentric:

the Breguet hairspring with a so-called Philips
curve 1in which an‘outeracurve is moved into a second
plane above the hairspring plane; and

the hairspring with angle strip as described in
1958 by Messrs. Emile and Gaston Michel in an article
entitled "Spiraux plats concentriques sans courbes"
[Concentric flat hairsprings without curves], published
by Société Suisse de Chronométrie.

The first solution amounts to modifying the initial
plane hairspring so that it becomes a hairspring
occupying a plurality of planes. That solution does not
come within the ambit of the present invention which

relates only to plane hairsprings.
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2 The second soluution consists in stiffening a determined portion of a
turn by giving it the shape of an angle strip. The angle strip is situated e-
t.er in the outer turn or in a central turn. Nevertheless, according 5 to the
authors of that solution, although angle strip in the central turn does
indeed provide a significant improvemen;f in terms of the isochronism of
the balance and hairspring assembly, angle strip in the outer turn does

not give E%i%sfagggon. §a&i;doi\%ttho(r)sne\éen aba}sr]cdongd 1SO tlh thealjlrjs ring with
angle strip in the outer turn, in the  befief that tﬁeyrﬁadtbeen was ﬁﬁg heir

tirft8 oRHRIs f5hi® OTHel presefht invémion seeke iy improve thee shape of an
isachyonisat ofi@ balarice antthairspring gassemblythys L2 stiferinga in the
bostion of (e QUISE urp of thetakapring,, ANd ORIV PUIROPENE accorqing
invention provides a regui.ating device as defined in accompanyihg c?alm '
1,Rﬁitﬁfb%r@éh“t£r0€rﬁb8§in$éiﬂgbéﬁﬁ&%ﬁﬁéd i dEpenddnt eReme Stgip in
10;'ss welhas altimepiece csiehiascewataby 20ineorpokating thie cant

aboyermentiened &%gu&%tmsd%ff'cech@%e@éﬁ%i%/smﬂ%%i%egfﬁame

the observation that, contrar io the conclusions reached by the authors
ofthe abdve RENtEhed A TtR “Bpirdlphts thhBertiqgidS sarder turn
colrBes M itis pogsibleadimproveizBisignifisantlyathehisochrenism efcendoned

bada&cmaa@bpﬁ@@@aﬁ&e@@%@ﬁ %:?ﬁ_efgﬁgiﬁ d@@g&@%ﬁ?or?ﬁmi the, the

c4Et M G148 DTG PRLLEC o e R b 1 .

h&i@%ﬁﬁg is sufficiently large to 30 ensure that said last-but-one turn

remains tadialhyfeee duringwexpansions ok the hajirspringdiptoamplitudes

cortespending sbstantiglly 1o ine-maximym angle, qf, rotation.of the

balance in the movement. According to the present inventors, the réason

wiiy ‘35" SeffutiorPsing ShgfeTstiip Sn the Btiter tiifh &5 deséribgdhsPring.

theraboVe:méntiongolanticlesprovided noention provides a regulating
device as defined in accompanying claim 1, with
particular embodiments being defined in dependent claims
2 to 10, as well as a timepiece, such as a watch,
incorporating the above-mentioned regulating device.

The present invention is based on the observation
that, contrary to the conclusions reached by the authors
of the above-mentioned article "Spiraux plats
concentriques sans courbes'", it is possible to improve
significantly the isochronism of a balance and hairspring
assembly by stiffening a determined portion of the outer
turn of the hairspring, provided that the spacing between
the terminal portion of the outer turn and the last-but-
one turn of the hairspring is sufficiently large to
ensure that said last-but-one turn remains radially free
during expansions of the hairspring up to amplitudes
corresponding substantially to the maximum angle of
rotation of the balance in the movement.

According to the present inventors, the reason why
the solution using angle strip in the outer turn as
described in the above-mentioned article provided no

improvement in terms of isochronism, stems from the fact
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improvement in. terms of isochronism, stems from the fact 3 that. during
large-amplitude expansions of the hairspring the last--but-one turn came

into abutment against the outer burn. or against a stud or an index pin
associated with said outer turn, thereby significantly disturbing 5 the

operation of the hairspring. The present idventors have observed that by
modifying the hairspring described in the above-mentioned article in such

a manner that expansion of the last-but-one turn is not impeded by the
lastitdrn (e dbter Gy S nBF By its aécessories seh- 106 thestidangpring
the: Inelexspins;laperatien ofithe hadancei apd hairspring.assemblyst the
beggmes substantially Jsochronaus, The present inyention also provides . _
a method of designinga regulating device comprising abdlance anda '
pldhe Rairdpritg® & methbd beihg 25 Hefined IR dct AP aAYIng ikt B30
withhgartivelas imple menhtationsh theregfrheing defited intbeent inventors
corgsaonding dependent: claims, Qthey characieristics and advantages ;1,04

of the [gﬁasenkt) 20 inventjon will %Pear, on reading the following detailed
description Made will Feferdhes o the &dcompamiy: dfalimgssih Whith:
Figufeanis i planfvidéhof agegulatitg deeiceuaccording s affinseded by the
e;uw&meamf thfﬂﬁveﬂi@@f Zéful%i]gw,e %&akﬁiﬁm%zgwgél%é\@%xbyewaxuch
0 rison, the hairspring. conventional regulating device, in jts
res?tcsgr&%%ons;qcﬁéu?e%% quﬁ(:ef 4les{lrcéaep>faﬁ3 VieWs sﬁm%\a/vgiﬁlg}El & hiirspritg BF-+21Ce
Figiite 2 fespekiiveély imExniMion ReFERMSD crsTEssitn an itheoretical

situatiarhwbeteithe center of the hairspring is free, the outer end of the

hairsprin iqggg s g fixed e oint; 5i re. 5is a plan view,
showing %%ghairsp%%%%f%e reglﬁé%t’lgng %%gicg%? ;h%?ﬁ st gm%oa?lrﬁéntoo%
th %g%q%%ﬁ%nqnmgqggﬁﬁkﬂﬁw€ev1ce comprising a balance and a

plane hairspring, the method being as defined in
accompanying claim 13, with particular implementations
thereof being defined in the corresponding dependent
claims.

Other characteristics and advantages of the present
invention will appear on reading the following detailed
description made with reference to the accompanying
drawings, in which:

Figure 1 is a plan view of a regulating device
according to a first embodiment of the invention;

Figure 2 is a plan view showing, by way of
comparison, the hairspring of a conventional regulating
device, in its rest position;

Figures 3 and 4 are plan views showing the
hairspring of Figure 2 respectively in expansion and in

compression, in a theoretical situation where the center

-. of the hairspring is free, the outer end of the

hairspring being taken as a fixed reference point;
Figure 5 is a plan view showing the hairspring of
the regulating device of the first embodiment of the
invention in its rest position;
Figures 6 and 7 are plan views showing the

hairspring of Figure 5 respectively in expansion and in
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. Figures 6 and 7 are plan views showing the hairspring of Figure 5
respectively in expansion and in 4 compression, in a theoretical situation
where the center of the hairspring is free, she outer end of the hairspring
being taken as a fixed reference point; - Figure 8 is a plan view showing

the hairspring of 5 a regulating device according to a second embodiment

of the invention, together with accessory elements thereof; Figure 9 is a
diagrammatic plan view showing now a portion to be stiffened of the outer
tuﬁ?’é‘?ﬁﬁ%sﬁéﬁ%rinﬁ"bfﬁhé?@@ﬂﬁﬁﬁgfééviééBF%E%H%H‘HW@ foe center
detérminedhEigusgs-i0to 12 afe-plan views shawingaradiants ofian
intermediate hairspring,shape.obtained duringa methed of degigning the

regulating device of the ~nventibn; 15 - Figure 13 is a diagrammatic plan .
view showing 8 “theoretitil Exparibn’ofgh mtsrtedfatt RairsprngPr TR ©
obtaihedun aite desigs meathod of thedihuention andsiec whithethiedtéimimat of

portien ohthereutehturn seyaainstohe coneeted sand, 2C rdriguies14isd cof ;
diagramnjagg lan view fgogvinﬁ%govgathe é;[%r:{rg:lnal %OI"[IQ/_I;]L gf thS outer how a
turn of the haépring sHown in Figdre 13 15 corrected so as to enablethe

laB10 Ptit-BRe tGr® rémain’ ridrallyfed darimpdaransions offthehe
hairspring i aiplitides-that carresponie2b sebstantially todhention is
maximum angle. of rotation of the associated balance. With reference to

Figure a requlating device for a time piece movement according to the
invention’ cONPASES a Baldrite' t afd @ ik FRIrEHMGE2 e fpmvag épnts

arpArchimedeées'spirdi The ihﬁﬂﬁm3m@tfﬁﬂ@@bspﬁm@2ﬂécﬂk€giﬁﬁg a
collet A diver ontastheshaft of the balancs and,is{berefare gontinuously

subjlecte to the rotary torque from. the balance 1. in known manner, the

rotary shaft 6t the balance and 'hairspring
Figure 13 1s a diagrammatic plan view showing a

theoretical expansion of an intermediate hairspring
obtained in the design method of the invention and in
which the terminal portion of the outer turn remains to
be corrected; and
Figure 14 is a diagrammatic plan view showing how

the terminal portion of the outer turn of the hairspring
shown in Figure 13 is corrected so as to enable the last-
but-one turn to remain radially free during expansions of
the hairspring up to amplitudes that correspond
substantially to the maximum angle of rotation of the
associated balance.

With reference to Figure 1, a regulating device for
a time piece movement according to the invention

-

comprises a balance 17 and a flat hairspring 2 in the form
of an Archimedes' spiral. The inner end 3 of the
hairspring 2 is fixed to a collet 4 driven onto the shaft
of the balance 1 and is therefore continuously subjected
to the rotary torque from the balance 1. In known
manner, the rotary shaft of the balance and hairspring
assembly turns in bearings (not shown). The outer end 5

of the hairspring 2 is fixed to a stationary part of the
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35 assembly turns in bearings (not shown). The outer end 5 of the

hairspring 2 is fixed to a stationary part of the 5 movement, typically the
balance cock, via a fixing member 6 called "stud". According to the

invention, the hairspring 2 has in its outer turn 7 a stiffened portion 8 that

is arranged 5 to cause the deformations-df the turns to be substantially
concentric during expansions and compressions of the hairspring 2. This
stiffened partion 8 is constituted by a.portion of the strip forming the
hgﬁ?gp%%%onﬁ[dvintd[ 5 b?ggjtlgythfizkeneég it ﬁﬁ%hlé ’of‘”fbath% k:%a Piig member
tHan“doesfe TémaHder of the strip. This thickness e is large enough

relative tdhe rihickness eolof the.temainder, ofthe skripitoesgonfer; 2 has in
stiffness i dhe stfisned portien B4haLs mush gregter thandhatolihe,
remainder of the strip. Thus, during 15 expansions and compressions of"
the“h&iR8pFiRg Hhe g%#éh@?ﬁﬁ&rﬂ@ﬁ 8Hardiy detorrisattall, 2md therefore
deedrdepdarticipate indhe eleforimationof the tuxns s ithesexaniple

showp.bs dhickness: ehhestifieasd porion 8 varies, wath k- mipImum, -« ; o,
atBthe ends of th?L zléo tiffened portion, being_equal to the thickness e" of

the tEmaimder of theStrip ind iRThadiminT in Hiecéier B the Sifished e
podibAsheihg@quaitotbiree times the thicknésseem obtherreniaingderafe of
thersiripNevertheless: raswilldees appareptindhe fllowing «the thickness

e of 25 the stiffened partion could equally well be constant gr could vary
o o T okiod of h SRt BRI T hEba® thRness
pfeééﬁ@ﬁiﬁth%osﬁ%‘fen@éle pBATEMG Ftativelto the rerhairielek of thendteip

iSspTEﬁEfal@JySitu&tEdk&é(ChBi\@ﬁ)éﬁﬁﬁ_hﬁo@ﬁQbﬁdS. of the 30lastltiin dreater
52 Aa o eparedbati ganal cAe g, Copipct Wb, Be lasibut ong U,
identified by reference 9. The way in which the sti er_lgd portion 8 is

aff&RGET along tAE Rafr SPIHES T exflainéd Befow dithSRstérsnce 15 the
methddfefthd ipventionn 8 hardly deforms at all, and therefore

does not participate in the deformation of the turns. In
the example shown, the thickness e of the stiffened
portion 8 varies, with its minimum, at the ends of the
stiffened portion, being equal to the thickness e, of the
remainder of the strip and its maximum, in the center of
the stiffened portion, being equal to three times the
thickness e; of the remainder of the strip. Nevertheless,
as will be apparent in the following, the thickness e of
the stiffened portion could equally well be constant or
could vary only in the terminal portions of the stiffened
portion. The extra thickness presented by the stiffened
portion 8 relative to the remainder of the strip is
preferably situated exclusively on the outer side of the
last turn 7 so as to ensure that it cannot come into
contact with the last-but-one turn, identified by
reference 9. The way in which the stiffened portion 8 is
arranged along the hairspring 2 is explained below with
reference to the method of the invention.

As explained in the introduction to this
application, the turns in a conventional hairspring

deform eccentrically since the center of gravity of the
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35 As explained in the introduction to this app--ication, the turns in a
conventional hairspring deform eccentrically since the center of gravity of
the 6 hairspring does not correspond with ',ts geometrical center. The
geometrical center of the hairspring is the center of the frame of reference
in which its spiral is defined. It is situatec®on the axis of rotation of the 5
balance and hairspring assembly. Figure 2 shows, by way of illustration, a
conventional hairspring in the form of an Archimedes' spiral in its rest

position Bgeter Wit the asS6daRTE1 e Bt feferented0°R S ahdtthe
cemtertofgraviih@ o of the hairspringe Figures 3 and4 Ieshowpthersame the
hairspring respectively aftes ithas,heen, expanded by, ong revolution; (360) ; .

an er it.has heen compressed.by one revolution by applying a pure

tof%ﬁ%;t e in%%r end of the %aﬁ%pﬁﬁg,%% ditterentt of tAE2hairdpring the
behid Biken @ alfiked referehes poimteThe 15 tefm dpure Brqedisuséd way
toafear thas thesinnen end of dhe darspring isdee; derthethearetical rorm of

cir. ce js.;assumed whereby the axis of the balance and hairsprin ,
as%gnm}g%ri}él ré%ed%nssmos :bra?aﬁlejr%t %esplgr?és gf %%Sﬁalﬂrgf)lrrng?%??n%t %rWl th
wordg i€RSCREIR By hearmge. 20 ASERTIESEeN|Yuriig suth axparisien

artdecmmpresgiograthegpqnbetdcgltﬂe@teraﬂiﬁéﬁ}&ﬁ@i[SprMﬂggﬁrgs 3 and 4
reRIRSeNIaLbL3ROMIINSIdR AGisle MoNEs My plang e aiS(9. X). .,
towards negative values for x during expansion and towards positive

vaTiE O K b g D e dfipresEionO Bnd fiidteforémd IBAg& cotricidés been
wittPthier eenter Oof the framevoflreferencénsin sradticengingepthee torque to

geoneetriealcentarof dhe baispring cannot move, because ofihg o the
c%astlr%isnt ]iTrQ%art (lgﬁﬁtggelg a@ringas on the, sﬁ%ft oéthe balanc_e aril%t  rhe
halrsprlngassgm Iy, the way 36 Which thearms é@f‘()ﬁﬂ%%nﬁﬁ |
expafSiontcompressien of the sadtspinguisarecdssarilyeecemrierarhd of
notheoncentrieas showr ifFigures 3 and éhdn thepresentinyention: thest+ ance
fuggkggggﬁgd whereby the axis of the balance and hairspring
assembly is free to move parallel to the plane of the
hairspring, or in other words is not held by bearings.
As can be seen, during such expansion and compression,
the geometrical center O' of the hairspring as
represented by a point inside a circle moves mainly along
the axis (0, x), towards negative values for x during
expansion and towards positive values for x during
compression, and therefore no longer coincides with the
center O of the frame of reference. 1In practice, since
the geometrical center of the hairspring cannot move
because of the constraint imparted by the bearings on the
shaft of the balance and hairspring assembly, the way in
which the turns deform during expansion or compression of
the hairspring is necessarily eccentric, and not
concentric as shown in Figures 3 and 4.

In the present invention, the function of the
stiffened portion 8 is to bring the center of deformation
of the hairspring 2 to the geometrical center of the said
hairspring. The center of deformation of the hairspring

is the center of gravity of the elastic portion of the
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stiffened portion 8 is to bring the center of deformation 35 of the

hairspring 2 to the geometrical center of the said hairspring. The center of
deformation of the hairspring is the center of gravity of the elastic portion

of the 7 ei_--pring, i.e- of the portion of the hairspring other than its

stiffened portion 8. Figures 5, 6, and 7 ,shiow the hairspring 2 of the
regulating device of the invention respectively at rest, expanded after
ap%plyjng a 5 pure torque of the same amplitude as in Figure 3 (the outer
entfoftiB Laitspring-eing Laker aB-fixed referéhce point HRtATgWeher
3)Laadin.temptessiomaftepapilying sspurertorguehaving the same 7 show
anupliude, as.{o,Figyre; he auter.end fhe hairgatng being aken 10

as.a fixe r,eferenceépomt, as in Figure 4). It can be seen that the .
geometrcalCent& Bt the haispring 2 ShardRPReveSand fdfaindiR lying a
camcidericerwite tivef cérter 6 aofetherfraie ofireference duringsacly  (the

expansienamd sempressien. s impliesdhatinpracticethe 15:; 5 .4
cons¥aint exerted by the bearing%on the sg ft of th% balance and
reigre 1

hairspring %%ger%%ﬁ%lg 'sufficiently smail for the deformidtioiS B e timis:

to %érg%m StbstaR Ty cocentric &R thetheoretidat cikcumstampes. bfide as
Figures fyane 74 Tmisﬂlea@smea significant Woﬁi?ﬁgbl’%g‘ﬂgﬂ}l%einkg taken
isachran- t nd hairspring. asse which wi r

el i oreie 1 e B oA bamg S eatad B diburbing =™ b
forESHUE i rédtTioR 3Rt te Bédringtiuispora. Wath referehed agamitos 2
Fiaredl, yactording &0:25 aaothet characteristic o éhe-vention,the center 0

spaging-r radigldistance adetween é&?&fﬁlﬁi‘%%@"@%é@xes_%@r A4
7 and the last-but-one turn 9 is large enoughto ensure that this
laStBUEOHE T 9 refairs reBRay Sfed Dtifing BxPARSIGASEF thee
hahepAitg 2105 tee3G ahmfitude s Woerdspemnding substantiallystosthie of the

maxi M Angie of Eotatign-ohihe halange 1 initheamovement. The termy 1 ¢

nFR%“H@%%%%%%Eg§g“%%I%ﬁge Qgggng%nggggin substantially

concentric, as in the theoretical circumstances of
Figures 6 and 7. This leads to a significant improvement
in the isochronism of the balance and hairspring
assembly, which will work purely in torque in its
bearings without being subjected to disturbing forces due
to reaction from the bearing supports.

With reference again to Figure 1, according to
another characteristic of the invention, the spacing or
radial distance d between a terminal portion of the outer
turn 7 and the last-but-one turn 9 is large enough to
ensure that this last-but-one turn 9 remains radially
free during expansions of the hairspring 2 up to
amplitudes corresponding substantially to the maximum
angle of rotation of the balance 1 in the movement. The
term "maximum angle of rotation" is used herein to mean
the maximum angle that the balance wheel 1 is liable to
reach during normal conditions of operation of the
movement. This angle is determined in particular by the
force from the mainspring (barrel spring) of the

movement. It is less than the knocking angle. In a
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the maximum angle that the balance wheel 1 -s liable to reach during
normal conditions of operation of the 35 movement. This angle is
determined in particular by the force from the mainspring (barrel spring)
of the movement It is less than the knocking angle. In a 8 typical
embodiment of the invention, the maximuim angle of rotation is slightly
less than the knocking angle and ._s equal to about 330. It is recalled that
the knocking angle is defined as being the angle of rotation of the 5

baldRde fron iR Knseking bekhifs, L8y typicaty, thehangefigiwislyle of
thedrnpulsexpin of tHei balahge tomestintm contackwith thehoutenface efral s

hargef the: fork of the gsgapement pallefs. In pthey Wc%gc}% Fbﬁefaﬂiﬁéﬁkmg

spacing or distance d is 10 large enough to ensure that during norma
ogaer%gr:%n of t ggﬁ% &t thE 14St-Huiton@dnto chnistiomentet the
cantactieithef with thé batertoock onwithdbe stud 6. . Sincettheically, the
ewﬁ@nﬁﬁaﬁd ﬂ%%&ﬁ"%ﬁ@?iﬁ%u@%@ﬁ%ﬁop@ ofthe &%Sfi;ﬁ%-@nsémgg

9 are not impede .at any time during normal gperation of the
mtjj\rlleecr%eﬁfttg Cdgefgrﬁa ig%/%eofcfﬁé: ?urrnsp Aways re%ai?r%fin(?&tﬁ&e fork of
thershyeaaing e atsigaificaitsmprovement in the isochronism of the
balance and baitspring-assemiyyielniastice, ¥pardentp mtainiasafede g :is
magl ethsn%%%{”ﬂ%a'é%%ﬁ%Oftﬁ‘gtoué%ﬁ:%” 7.can bepositioned, far
enough away from the last-but-one turn 9 so as'to ensure tﬁgtetﬁetlat?er
carmiot PSR terhitfal oo EveRturing BxpansisRa of tigome  into
hairsptiag igoing-as farvast amplitudestcarresponding é@ the absalute stud 6.

maxiruim angle.gf 25 rofation qtthe %@Pﬁaﬁythgi@é?cﬁ?]g angle.

[ nt of the invention, in which the
o QR Ve Confriseetn PERIGLRAH s FBSprfg:2 navify BSrEREg e
outér ®irl pbitich 8ug istgd Bofordastepingahe outer £ndis afitheement, the
haitspring =230 and andndex ofwhich gnlydhe pins, 10 are-shown, for
a%%%%%ﬂ§ef§§¥§$%“¥@ogﬂgig§f¥¥¥@§€&£ggiovement in the
isochronism of the balance and hairspring assembly.

In practice, in order to retain a safety margin, the
terminal portion of the outer turn 7 can be positioned
far enough away from the last-but-one turn 9 so as to
ensure that the latter cannot reach said terminal portion
even during expansions of the hairspring going as far as
amplitudes corresponding to the absolute maximum angle of
rotation of the balance, i.e. the knocking angle.

Figure 8 shows a second embodiment of the invention,
in which the regulating device comprises in particular a
hairspring 2' having a stiffened outer turn portion 8', a
stud 6' for fastening the outer end 5' of the hairspring,
and an index, of which only the pins 10 are shown, for
adjusting the active length of the hairspring 2'. The
stiffened outer turn portion 8' presents a double bend 11
in its central portion. This double bend 11 enables the
terminal portion of the outer turn 7', from the double
bend 11 to the outer end 5', firstly to be far enough
away from the last-but-one turn 9' to ensure that neither

this terminal portion nor its accessories such as the
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stiffened outer turn portion 8' presents a double bend 11 in its central

portion. This double bend 1™, enables the terminal portion of the outer

turn 7', from the double 35 bend 11 to the outer end 5', firstly to be far
enough away from the last-but-one turn 9' to ensure that neither this
terminal portion nor its accessories such ds the 9 stud 5 and the pins 10

can impede the expansions of the last-but-one turn 9", and secondly to

have a generally circularly-arcuate shape of center O that is adapted to
rofaltioh of thE hdeXSNBVEhdIEsS R a VEFRAE tHé'S irdeeansd e pingfld he
coliftblye loniittedh<T here folibys adéscriptiondf the methed:-for desigring1v
the hairsnrings,2 and 25 Firsthy -2 Arcimedss: spiral is, defined ;go%g BE o

[
of referecnce (O, %( , by the known formula; 10 r (6) = ro + p6 wherero
er

and are predeterniited B8RStants htFwhdr 1 Saticr 6'dreshol&~ 1ant , the
cobrdifztearia the framerst réferencel (D)0¢, ¥)ifhis sgiral is given a strip
thicknessree insthes plane of the spirakanda stip heighthperpendicular

to d}@g .pl%n% of Qtr}?esqifa‘?‘!' Thers](_envaluezs e, and 111, are constant over the

entire fe%g%h 3f the splraT.nﬁPe coo%inate%ng,, y0) of the center of gravity

G of the hafiSprifiy oBfaifetrinithindesy arerdaleulated ade POrfelfovis: x¢ £rame
- xds YE€fetydsd qwhere Liis theslengirofthedairspring, and as is the
incremen}atldgngthralo_pgg@e hairspring. 25 Using these equations: x =

rcos6 y = rsing, and’ds = r2( d6)2 (dr)~ _ ~r2 (d8+p2 (d )" the coordinates
xC'BAAS dam &R0 B Wife RS FSlldweingd constants and where r and

0 are polar coordinates in the frame of reference (0, %,
y) -

This spiral is given a strip thickness e, in the
plane of the spiral and a strip height h, perpendicular to
the plane of the spiral. These values e, and h, are
constant over the entire length of the spiral.

The coordinates (x5, ys) of the center of gravity G

of the hairspring obtained in this way are calculated as

follows:
fl L
Xg = E: { xds
rl e
= = ds
Yo L_([Y

where L is the length of the hairspring and ds is the
incremental length along the hairspring.

Using these equations:

x = rcosb
y = rsin®, and
ds = yr¥(@0)’ + (dr)’ = r*(d6)? +p’(dh)’

the coordinates x; and y. can also be written as follows:

Xg

il

12ﬂN
T fr00894Jr2(d6)2+—p2(d0)2
0

i

1271N
Ve i:fmmﬁ\ﬁ%dm2+p2@9y
0



10

15

20

25

30

35

30 xC, = - frcos0 Vrz(dB)2+p2(d9)2 01 - - yG = - frsinB r'(dM)2+pz (dB)'
L O 1 0 where N is the real number of turns of the hairspring. The
unbalance of the hairspring is then deduced as calculated at the center of
gravity G: b, =mOG 5 where m is the total mass of the hairspring: m =
QeOhOL where o_s the mass density of tite hairspring, and the vector
OG defined by the points 0 and G (which are assumed to be situated in
the same ﬁlane p%allel to the plane of the hairspring) has as its modulus:

10 a4+ §G A Bortioh of thE Bhiter tlirn tHATIS t6 be Mhadd anactive Wil -
then be déterrvined serthat the Uribalanee s pwhich is.respoasibieston thel as

anjsoehroaisgnotthe halance, apd hairspying,assembly becomes zero.
This portjon gfm he cuter turn will then be reinforced so that it loses its

elasticity ahd constitutes a "dead zone" that does not participate in the
d&fofhstidhstof thedutérttar. Tosdinfifatelthe unbakwite b2; the portiorh,
ofitherturp that is f=bemadeisagtiveymust itself piesentai 29, and the
unkalance RgAugLoheynbalance b, This Lg portions necessarlly

such that the point G lies between the omt 0 and said tur portion and

h&S SHARGUIER eR&ent tFuafi eDd for. IMgure ) aharie synimmeticakabde the
thelaxis passingehroughsthe jpogits Band=G. 25 Byrasduming that this

cuter turn pgrti?p{zsg citcular arc of mean radius (half-thickness radius)
Re, of center 0, énd ofrhass Am, the modulus of its unbalance b is equal

to ReAm? wiherd: iam ode, hpAl withét t Ren((32at) =i2Rea 3@ whighe

gives. READ 7Ma =QRANGLA determined so that the unbalance be
which is responsible for the anisochronism of the balance
and hairspring assembly becomes zero. This portion of
the outer turn will then be reinfor¢ed so that it loses
its elasticity and constitutes a "dead zone'" that does
not participate in the deformations of the outer turn.

To eliminate the unbalance Eg, the portion of the
turn that is to be made inactive must itself present an
unbalance b equal to the unbalance BG. This turn portion
is necessarily such that the point G lies between the
point O and said turn portion and has an angular extent f3,
- By = 2o (cf. Figure 9) that is symmetrical about the
axis passing through the points O and G.

By assuming that this outer turn portion is a
circular arc of mean radius (half-thickness radius) R,, of
center O, and of mass Am, the modulus of its unbalance
b is equal to R,Am, where:

Am = pe h,AL with AL = R (f, - B,) = 2R
which gives:

RAm = ma = pejh,La

i.e.
ZRéa = La
whence:
La
o =

2
e

2R
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i.e.: 2Rea =La whence:La 35a=2RE 1 and: P~ (3G-a P2=PG +a
where [3G is the angular position of the point C: PG = Arc-tar) (yG/XG).
The section of the outer. turn portion delimited by the angles (3, and [2 is
then reinforced by giving this outer turn portion a thickness e in the plane
of the hairspring that is greater than the thickness eo, e.g. 10 that is
equal. to three times the thickness e,,. Figure 10 shows the hairspring as
obtained in this way with its stiffened portion being identif=ied by
refétence 8" Preferably, in order to avoid or at least reduce any risk of
the hairs@ring dgaking during fabrication or 15 while in operation at the
radially e[gtegdigg straight ends 12 of the stiffened portion 8", the shape of

the stifferied portion 8" is corrected so as to soften the transition between

th& T&tet b PeTaiRGEdrthe PSP “HAIS cBfrettish BPtHesHape of
the stiffefled=20-pottion 8%is/tpically performed as follows: Initially, a
function frr e(Qds selectedrthatis sepresentative ofthe thickpessiinithey 1.,
pl @l%ogwel hgir _prin%gf_ge fgrrgﬁtgg srtiéfengd gorg%n as a function of <
po%‘.ar angte 0. Tﬁﬂs fiiNction f5 convex and 25 RbMiTucuS, dnd présents:
a RIMifTUNY efbalethe tickndds’ ekasacheofihe ke epdsof thiel the
stitfened portion. tthereafier the.aagulanextenh32 + 16; ok thescoreected
stifipged portion s cajguiated Ihis Angulap @aen 62, glindudes fhe,. 4
angular extent (32 (3, of the 30 stiffened portion 8" shown'in ?—‘igure 1¢ i
othi Wamﬁpe airspring as obtained in this way with its
stiffened portion being identified by reference 8".

Preferably, in order to avoid or at least reduce any
risk of the hairspring breaking during fabrication or
while in operation at the radially extending straight
ends 12 of the stiffened portion 8", the shape of the
stiffened portion 8" is corrected so as to soften the
transition between the latter and the remainder of the
strip. This correction of the shape of the stiffened
portion 8" is typically performed as follows:

Initially, a function f = e(0) is selected that is
representative of the thickness in the plane of the
hairspring of the corrected stiffened portion as a
function of polar angle 6. This function f is convex and
continuous, and presents a minimum egqual to the thickness
e, at each of the two ends of the stiffened portion.

Thereafter, the angular extent §, - & of the
corrected stiffened portion is calculated. This angular
extent 6, - 8, includes the angular extent B, - B, of the
stiffened portion 8" shown in Figure 10; in other words
6, < B, and 8, > B, (cf. Figures 9 and 10).

In order to determine the angles §, and &,, it is
assumed that the corrected stiffened portion is to deform
in the same manner as the turn portion defined by said
angles 6, and 0, in the hairspring of Figure 10. Assuming
that the stiffness of the stiffened portion 8" is

infinite, which is the ideal theoretical value, the
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S, <P, and 62 > P. (cf. Figures 9 and 1 0) . In order to determine the
angles S. and 62, it is assumed that the corrected stiffened portion is to
deform in the same manner as the turn portion defined by said 35 angles
6, and 62 in the hairspring of Fig-are 10. Assuming that the stiffness of
the stiffened portion 8" is infinite, which is4he ideal theoretical value, the
12 deformation of the turn portion of the hairspring of Figure 10 between

thg apg!}ensla Ji%nrg g., |st%qeuaLto the sum of the respective deformations of

the T POTtions” BetweelT the &hgIBS 8 -and 32 and tetiéen the angles

(3% w561 .OThe toinponémtcalong thesaxis (Onx) 6f this defommation ¢are sum

thus bewitms@fetoﬂ@wg} ii%fMd%’n@?t Dex & %Ydstﬁél_y%§rﬂ0§>c§>§ft_(§5n_s

w the moment o ormation or_torque ied to_the hairsprin

ar%:%rgaé\érr%lnt:i%hédaa o%eé,sygz1 r&ﬁ?mﬁh P % g) ?g%%ep%. N3FoPiE" & gz and

cdtnpon@REoftRBRRTSIHatidh GBIt BErréctéd stiffened perfiohaleng the

axie [0 xRathis rcansbe written las fallows: Hf 12M as ydswhy-f2 The

components of the] %Iov smentionedsdeformations along 15 the axis (O,

y) can belgnored sifige fhjsy@ge negljgziaI@Iﬂand of the same order of

magnitude as proéu@ldo arrors. In gxder tp reduce the number of

variables, the angle 8z - 8, is caused to be symmetrical about the axis

pasafiee thfoligh e poiptsed aind TG drhfe mekes drpossible tor26 defipé aed to

siﬁltgie Vﬁ&d@%@ﬂ@a'iﬁ(ﬁa”' ?&,r@@_QEQ@ne@CabW% );(ag}a@g%@jéﬁg with ¢

calculate equating-the deformation components n . P %+Pc

11 wLilfQo% s i‘yd%f §/f 5] :dt €o pct 11o-¢ E'Brg go:;\tlkel?hé:{"l Aboveaqastion?t the

itgﬁﬁ%@ﬁﬁ;é)stlf ened portion along the axis (0, x), this
can be written as follows:

Df = 12M T yds
’ h, & f?

The components of the above-mentioned deformations along
the axis (0, y) can be ignored since they are negligible
and of the same order of magnitude as production errors.
In order to reduce the number of variables, the angle §, -
o, is caused to be symmetrical about the axis passing
through the points O and G. This makes it possible to
define a single variable ¢ equal to f3; - 8§, and to &, - Pg.
This variable ¢ is calculated by equating the deformation

components DI and D :

1 B ¢+fig 9+fg ds
T[Jydw fyds} fox
€ |Be-® B B¢ T

To solve the above equation, it is possible to
perform an iterative calculation starting from a given
value for ¢, that is large enough compared with the
length of the stiffened portion 8", and then decreasing
this value ¢ step by step until the two deformation
components DiO and Di become close enough to each other. -
Typically, the iteration algorithm is stopped as soon as:

|pe - pf

X

< E



25 perform, an iterative calculation starting from a given value for cp, that
is large enough compared with the length of the stiffened portion 8", and
then decreasing this value p step by step until the two deformation
components Dx" and Dx become close enough to each other. 30
Typically, the iteration algorithm is stoppéd as soon as: D.e - DJI < E 13
where: 2 Once the final value for q has been determined, the stiffened
partien-is.redrawn by giving it the variable 5 thickness e(O) = f between
the angles S, and h.. By way of example, a function f that is particularly
suitable for the:vari e thic @é{ s of the corrected stiffened portion is
given herebelow:—+F= "1 +cosl2n~)1Ls20-3-s,t10 This
function f presents a miimum equal to the thickness eO at both ends of

the conregleg siiffeped-portion, anda magxigunedyallg tyge Imesthe .,

S 11
thickness eo in the center of the corrected ne porﬁon. iS flnct

f Has thé SUFEN TS of Beingcdifék DvRr Bk rtifens 1&hgthlst theriable
cortectathstiffenedfportior, ite= avaktrpdints along saiddengthy tbgregby .
minimizi j fgg%q;%g . Figuee, 1 sdhe hairspri htaine

after .t e@sﬁgk?igr% cting t e%’Eiffég;]n(—fg1 p(%rf;?)(g}%lvith glﬂ:%l{a%énnggt%oneﬁ%u arty

N&Vertheless, OerpéCEéSn CRAIEa the drt Wik DhseRre thABoHeF E6MIEE
fuRctiohSeem alse beosuitablar Byewah of erarple; Figure 12 shows a

hairspring obtained after {he step F;)%:orre@tlnlgst e stiffenepl portion us_ing

a functiort f Suéh tHat&he 35 thick Q@gjﬁhe%or__ }cted stiffened portion,

identified by reference 8"}, is constant oveér the e length thereof with

th%ﬁ%gegggh.gggngaggggggiésa minimum equal to the thickness
e, at both ends of the corrected stiffened portion, and a
maximum equal to three times the thickness e, in the
center of the corrected stiffened portion. This function
f has the advantage of being convex over the entire
length of the corrected stiffened portion, i.e. at all
points along said length, thereby minimizing any risk of
breakage. Figure 11 shows the hairspring obtained after
the step of correcting the stiffened portion with such a
function.

Nevertheless, the person skilled in the art will
observe that other convex functions f can also be
suitable. By way of example, Figure 12 shows a
hairspring obtained after the step of correcting the
stiffened portion using a function f such that the
thickness e of the corrected stiffened portion,
identified by reference 8''', is constant over the entire
length thereof with the exception of terminal portions 13
where it decreases continuously towards the ends 14 of
said portion 8'''".

It should be observed that when corrected in this
way by means of either one of the above-mentioned
functions, the stiffened portion presents the advantage

not only of reducing the risk of the hairspring breaking,
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where it decreases continuous-y towards the ends 14 of said portion 8".
30 It should be observed that when corrected in this way by means of
either one of the above-mentioned functions, the stiffened portion
presents the advantage not only of reducing the risk of the hairspring
breaking, 14 but also of presenting stiffhéss that is greater than that of
the stiffened portion 8" shown in Figure 10 because its angular extent can
be calculated on the basis of infinite stiffness for the stiffened portion 8". 5

OREE tHe' Stitfened PoricH has Beéh torBERd, haximalr, exsaision han
thétrairspring fesimuldtéd ped. by means 6f'a finiterelement calotdation,

SaaéBE@@@UHt§X9%@%Q%§0@§%E9HdWQJPEﬂ?fEé@Hﬁﬁ%B@QEG§ the basis
rotaftion gfi }pjt_-:‘tbalance tand the shape of the terminal portion of 10 the

outer fiinh i€ doireciEd 55 ATThE RrmiiRg Sortion SSFsF droth Ay -

from the Gt utlone rnitbersirecas explained dbove, that neitherthe
tefminahpartioRnol sits accessencelements (study index-pipsh canimpede; 1,
expansion o the st buLone ty, Thi corrciion of 15 the shape of e
terminal portion is nevertheless SUkiciently siia o' avold signfficantly ™
mBIRARG & ibalehte Ut tHé Bairsprivtpams st themstiffaged poftiono tRy: ion
wayf ot ilastratiem &dgureid shwv&m@;ihe@rﬁti@aﬂeem@j_%gf fortion of
hairspring having,a stiffened portian iny2Q ifs.quter i, butinwhich the .,
terminal portion of the outer turn, whose shape has not yet been

cotrectéd, i§ Yot 9ar EBtghianay fBm thedastBtt-onreauiiiras kanepsure,
seeh, thwlast-bationd ture, idehtifiechby téferencee 16 ettends beyond on nor

the positionafdhe end 1 (cansidetad 25 as bging %zéfvé\?/; pf the oyter o,

which means that.in gra?ice the last-but-one turn il come into

Sitfend TT of AgameBthe ditid to which S&d BRdtiePTs of

abutment la?g%ir?s sal

contRecEtRT® Mmbvé lite teeminal portiorrdfithe oltertemeaniéne 130sfsom

theast-hit-oneitirmsihe following steps £apberi cantly modifying the
unbalance of the hairspring and of the stiffened portion.
By way of illustration, Figure 13 shows the theoretical
expansion of a hairspring having a stiffened portion in
its outer turn, but in which the terminal portion of the
outer turn, whose shape has not yet been corrected, is
not far enough away from the last-but-one turn. As can
be seen, the last-but-one turn, identified by reference
16, extends beyond the position of the end 17 (considered
as being fixed) of the outer turn, which means that in
practice the last-but-one turn 16 will come into abutment
against said end 17 or against the stud to which said end
17 is connected.

To move the terminal portion of the outer turn away
from the last-but-one turn, the following steps can be
performed (cf. Figure 14):

- A first point P, is defined on the radial axis
passing through the outer end of the hairspring, which
point is situated beyond the last-but-one turn when the
hairspring is at maximum expansion, i.e. when the balance
has reached its maximum angle of rotation (to do this, a

theoretical configuration is assumed in which the last-
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performed (cf. Figure 14): A first point P, is defined on the radial axis
passing through the outer end of the hairspring, which point is situated
beyond the last-but-one turn when the 35 hairspring is at maximum
expansion, i.e. when the balance has reached its maximum angle of
rotation (to do this, a theoretica_. configliFation is assumed in which the
last D but-one turn is not impeded radially and is therefore maximaly
expanded, as in the example of Figure '3), and located at a distanc from
sa'%?a‘s?—%%t-gﬁglfurhsthﬁﬂg e 46 AobaCore pitcPéithé Spirap Fefore
exaarplesl(likewise avhisrithedwairspring s atmaximum expagsien). 119) , and
Figa@%%dhapg§iﬁemmQ}%@utﬁ(@]ﬂd g%m? Qgg%p?&'ﬁdgggg,@%fythat is
reference Fo and the position, e point of intersection betw
laSthi L':LonEeo tl?%oaun%t e %,%9 efttonedTadiat GRis wHeH therege L e
halirspfifiy is &t magimirhexpansionis identifiedby meference Pkfsaicsion) .
pasition: Blisalsoishawe in Figure 4:3) A S%@%]doaa@ewg&&ﬁ%@el%ﬁ_@at IS
Si .the outer.tyrn at.the end of the stiffened. portion that is ..
fa%%?%r%%lbﬁg oh%erlgn? gfltﬁé Cg%s) rir]fge%f‘ellﬁ%%ﬁgt al?r?d as%&?%&%oﬁ?ss ition
P %and-B*® aR® ifteronnkbietriirs tiremaPalevEsthat isetahgéﬁti@g@ -thee
outer turaad thensecaindpointd?, t The centesof His pircylarase 181
idgntifiedjn;Figure 14 by the 20 reference s A third. point P3.is defined
on thfe%cullar%:rq 18 between t%e lfir?t]%n%sse%ong po‘-antg ian %iz,%ﬁe

p

third " BOIRF P Sbéing STeh thattfé Ferth Bf theSseyhfehtTFeME: cifdular arc
18 delimited By the second and third points 23 P2 and P3 is equal to the

length Of-lthﬁi&i@%cé%% ﬁ%f%?@ﬁiv;l%ge@{@ﬁ%%thﬁ%%c‘;{;% E%E@;%’t%@ on
the, initi t ,.Of the hairspring. Two angles T, _
%QI G Srams SHE : égr GPanPivhdEEBREs BRE parihel- hat

definedn a frame of refershce 6FCertt
tolthefarther from the outer end of the hairspring.

The first and second points P, and P, are
interconnected by a circular arc 18 that is tangential to
the outer turn at the second point P,. The center of this
circular arc 18 is identified in Figure 14 by the
reference 0".

- A third point P, is defined on the circular arc 18
between the first and second points P, and P,, the third
point P; being such that the length of the segment of the
circular arc 18 delimited by the second and third points
P, and P; is equal to the length of the initial turn
segment 19 delimited by the second point P, and the
initial outer end P, of the hairspring.

Two angles T, and T, are defined in a frame of
reference of center 0" and whose axes are parallel to the
axes in the frame of reference (0, x, y). The angle T, is
the angle made by the straight line segment [0O", P,] with
the abscissa axis of the frame of reference of center 0".
The angle T, is such that the length of the portion of the
circular arc 18 delimited by the angles T; and T, is equal
to the length of the portion of the initial turn segment
19 that is delimited by the angles 6, and 6, in the frame

of reference (0, x, vy).
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by the straight line segment [0", ?,] with the abscissa axis of the frame of
reference of center 0". The angle T, is such that the length of the portion

of the circular arc 18 delimited by the angles *, and T_, is equal 35 to the

length of the portion of the initial turn seghfent 19 that is delimited by the

angles b, and b2 in the frame of reference (0, X, y). 16 The circular arc

18 between the second and third points P2 and P, is given a thickness
identical fo that St thefitialPthifn S&yméit i Thid thickpesgthererdréhird
variesibetweendhel ahgles Tgane T, and isiconstant Sielsewherel The that of

funetionife+ e(07) defining sgickyarying thickness between.the anales k.
and T2 as abfggction of the gol{gi[ angle 0" in the above-mentioned frame
in

of Feférence of temter 0" s GhTAIHEd by réfidcing A8 parantetsrs FaEL
arfllsZvéspeetivelf by thepatdmatefs1 o ¢30")T dad T imthesfanctiorsfry ing
defining:thesaryiagwihickness OQH%%@@E %ﬁ%ﬁ %@S‘%n %@r%m%@ffo%? of
that i imited by t gles 6, an , where Ofl" (Tl+ . Thus, for
ex%%%o?gé%%tg fﬁ?&%sn at? = éélttelaqflr%%gl’ 0 (0 -V) JrheﬁiLéz S 315
theFairctionds iS §iveRHET fé' = dFe62t# 608 2R{0TEREST LR -(0e)

T pZherturnessegnfient delimiteddy thessesondwasdythird peists-R2 and s rs
thpconstityies the cprrected terminal goriongtte guier 1in. 20 1.
variant, in order tg optain the hairspring shown in Figure 8, the followin

(o EANBE pertorid RR FhowiHg the (BRINAPBribh GrHAE oBRFTEA: 19
avayg frohs thitelasrbaednéurnh e pointlis elefinechan dhe ouitertar®jy =

ther +7,) /2. Thus, for example, for a function:
0-
f =e,+ e 11 + cos 2%~£~—E§l—
5, - o,

the function fc is given by:

fc = g, + g {l + cos[2ﬂ-§tjiLl}}
L, - T

The turn segment delimited by the second and third
points P, and P, then constitutes the corrected terminal
portion of the outer turn.

In a variant, in order to obtain the hairspring
shown in Figure 8, the following steps can be performed
for moving the terminal portion of the outer turn away
from the last-but-one turn:

- A point is defined on the outer turn in the
stiffened portion, typically at the center thereof.

The terminal portion of the hairspring extending
from said point is offset radially outwards, by giving
the inner side of said terminal portion the shape of a
circular arc of center O and the outer side of said
terminal portion a shape that gives said terminal portion
the same thickness as that of the corresponding initial
terminal portion. This thickness thus varies between
said point and the angle &, and is constant between the

angle 6, and the outer end of the hairspring. The radial
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25 stiffened portion, typically at the center thereof. The terminal portion of

the hairspring extending from said point is offset radially outwards, by

giving the inner side of said terminal portion the shape of a circular arc of
center 0 and the outer side of said 30 terminal. portion a shape that gives

said terminal portion the same thickness ds that of the corresponding

initial terminal portion. This thickness thus varies between said point and

the angle fi., and 's constant between the angle S, and the outer end of
thERATEPANG STHIE FRtidishacing Between Bis teminalporiidi and te but -
lastriuttome tura is sélectegttothe largel emoughetooengure thainthere that
Ia%ﬂgﬂig@ﬂuHh@aw%gr%@@hS@Qﬁ%%Wnﬁg@@ﬂoga@éﬁyg@%lﬁgi ortion

haeiarggrin%ki;s at r_paxi um expansion.,5 The above-mentioned terminal.

portion is connected 16 e Rmaifderofthe SiffeAed pSriBA LY £ Straight

line portion $6asabdoer rendoubleBend i This straightlinel portionrigcted
of_suffi@é@t E@ﬁ&ﬂfg&%&o @%toclk@aogiﬁf_ﬂm%@%t}% ?Q@@ﬁ%yofath%tﬁaight
stiffen ortion or example its thickness is equal to three times the
thiggﬁgsgg 59 !Co%fhne ﬁgirsapsrirrlggou Siaé tigaggtigl@n%%g %oﬁ%ﬁémi hairEBﬁﬁg

of theé Fegiitating @sviee bE tHel inventidn &typically AfadelofdilivensIteanas to
beaim fabricatechinavarioys wvayss for example usingrhe smethod (deschbed i on
In foeumeohEF 782 63, Ihie present invention is described abowe
purely by way of example. It will be clearly %pparent to'the person sﬁqIFede

in the" SRS MBiftatibRS cif be TRade 20 WithdiE§oihg Deybnd fraed
amigit ofithie .invention. In particular, although it is preferable for the

stiffened pQrtign 10-bg.formed,By increasing the thickngss of the_strip,

forming the hairspring in.the_plane of the hairspring,’it is possible in a
va:rLiré\ﬁ? {ihdreass tﬁ%pﬁ Reight BPAE sirip Ticet th€ thicknkss SR théStrip

perperdicalany t the’plahe of theaairspring)  Naturally, wmteg sutle method
ciigumstanses, the beighteftherr 0 732 635.

The present invention is described above purely by
way of example. It will be clearly apparent to the
person skilled in the art that modifications can be made
without going beyond the ambit of the invention. In
particular, although it is preferable for the stiffened
portion to be formed by increasing the thickness of the
strip forming the hairspring in the plane of the
hairspring, it is possible in a variant to increase the
height of the strip (i.e. the thickness of the strip
perpendicularly to the plane of the hairspring).
Naturally, under such circumstances, the height of the
strip needs to be increased by a relatively large amount
in order to obtain stiffness comparable to that obtained
in the case of a varying thickness in the plane of the
hairspring. In another variant, both the thickness of
the strip in the plane of the hairspring and the height

of said strip could be wvaried.
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rip needs to be increased by a relatively large amount in or_der to obtain
iiffpness comparable to that obtained 30 in the case of a varying thICkne{f#Z) ——
in the plane of the hairspring. In another var!ant, both _the thlckness of - d
strip in the pane of the hairspring and the helght qf said strip could be
varied. LI..0YD VV | 'C"E" 18 CLAIMS 1. A timepiece movement
including a regulating device including a balqncg (1_) and a plane .
hairspring (2), the plane hairspring (2) including in |'Fs outer turn (7) a )
stiff ortion (8) arranged to cause the deformations of the turns to be

substantialiynepricentriesoeharasterized in,that the, spacing g@itg&eé)\/vgfgﬂr%ieace

' jon_of r tyrn, (7) and the last-but-one turn
Lﬂ%g%kg) Qg?sn?arggﬁe%%%:% of:)sa%g Tast OB ROAPHFT ) B Ferfain the

fre radially during " eXgansidnsorthe hibgpring {2uptocamplitudes (7) a
cofrespérding substantially &) themmaxiguim apgleefs £otatien b et ions

i ' ent, i iffened portion (8) is a portion
R b

ip.of 15 thickness (e) in the plane ( _ e
Skfiit%%gsc e%OSl(I)%?th ?‘enmg%lhéér ﬁ”tﬁe ey toiFhing the haitspring, andrininal
thBCthe '&arthickhes defired: byrthé Btiffenad potion(8) refative iathe, v,
rerrfainder ofhtherstip is-situa edexclusively op the 8‘95,{ s%(lzloerofS 20 éhelast_

7 imepiece movement according to claim 1, _
gi%%rrat(t:l}%?i;(eg }n%trﬁattegl% thickness (&) i%%ﬁg plaHE6E the Kiikshrifg (2) of

the StiffeRed Portfoh (8} vaftés 25vénthe(ntirerlerigthaofittie stiffened
pgﬁé%gsp@s?éimmmwmmgs funciion andaresents A MInimUM

[ paktothg thickness (e0) olf)the remainder of the strip at
f@@?ﬁ%ﬁe& thg@ﬁffegneld%p%%isorg (g), anda %n%nx?ﬁﬁ%nmﬁﬁ’s d@afé“rat
than the thickness (207 8F 30 te rehaihdef oPhistap betivesrrsaid ddo

)

eﬁﬁ%ckness (e) in the plane of the hairspring greater than
the thickness (e0) of the remainder of the strip forming
the hairspring, and in that the extra thickness defined
by the stiffened portion (8) relative to the remainder of
the strip is situated exclusively on the outer side of
the outer turn (7).

2. A timepiece movement according to claim 1,
characterized in that the thickness () in the plane of
the hairspring (2) of the stiffened portion (8) varies
over the entire length of the stiffened portion (8) as a
convex and continuous function and presents a minimum
substantially equal to the thickness (eq) of the remainder
of the strip at the two ends of the stiffened portion (8)
and a maximum that 1is greater than the thickness (eq) of

the remainder of the strip between said two ends.

3. A timepiece movement according to claim 1,
characterized in that the thickness (e) in the plane of
the hairspring of the stiffened portion (8") is

substantially constant over the entire length of said
stiffened portion (8").
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3. A timepiece movement according to claim 1, characterized in that the
thickness (e) in the plane of the hairspring of the stiffened portion (8") is

35 substantially constant over the entire length of said stiffened portion; ; oy gk

(8"). LLOYD VVI,8E 1GO 4. A timepiece movement according to claim 1,
characterized in that the thickness (e) in the plane of the hairsprinc ( 2) of
the stiffened portion (8 1 ' 1) is substantially constant over the entire
Ien4gth of said 5 stiffened portion (81") except in terminal portions (13)
where reshBERERT thEBiERIfess (@) dearéases twontinuously fowards the
engsA 14y cfsaid stiffened: iportiam (8 tﬁ@%éé@ﬁ@ﬁcgm%@%%fne of
aceneding to-apy-9ng of slaims to,4, cggraic%eerrllzee int a% the height of the
hajrspring is substantially constant over the entire IBAgth oFsaid ™ ') 1s
hairspring. 15 6. A finfeépiecs ovelieht aBcordingitocareomns b clainms i d

to B tharietstized i iivat thé maximarrangle of retatienrafthe bajange, (13)
(lyiresaid mevement is slightlylgss g}@:pcg}leeggoc@ g gggllg. c%(S) 7. A
ti@%mgg%g@ygwng&gc%r ing to any one of claims 1 0 6, &arggterized

in that the maximum angle Of ro Stion 8f the'Balarde ED)if safdl £ fened

mBYémheRPis Slibstahtially equal to 330. 25 8. A timepiece movement
according to any one of claims to 7, characterized in that the spacing (d)

betweenthe derminal ' he outer turn (7) and the last-but- one
tupn, (9) oflttple ﬁairﬁrin%%g&?ﬁg gcgﬁgl}j Cshl?& %&dﬁ&é’t-ﬁd}?orféftu?ﬁf‘g)ms 1

Giafy dairiflg 30 exprahsibhs ok terhairspring @) upitespring

to remain fréé Fadi
amplitides ‘eoifespbhtiingesubstaritiatly s thenknaoking-angle, ot the o ¢ 5414
balanees fyiingaid movement. 9. A timepiece, such as a watch, including

a movement 35 according to any one of claims 1 to 8.

6. A timepiece movement according to any one of claims 1
to 5, characterized in that the maximum angle of rotation

of the balance (1) in said movement is slightly less than
the knocking angle.

7. A timepiece movement according to any one of claims 1
to 6, characterized in that the maximum angle of rotation

of the balance (1) in said movement is substantially
equal to 330°.

8. A timepiece movement according to any one of claims 1
to 7, characterized in that the spacing (d) between the
terminal portion of the outer turn (7) and the last-but-
one turn (9) of the hairspring (2) is large enough for
said last-but-one turn (9) to remain free radially during
expansions of the hairspring (2) up to amplitudes

corresponding substantially to the knocking angle of the
balance (1) in said movement.

9. A timepiece, such as a watch, including a movement
according to any one of claims 1 to 8.
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LLOYD VVISE 20 10. A method or designing a timepiece movement

including ar_egu.ating device, including a balgnce (1). and a.planf-:-

hairspring (2), in which method a stiffened portion (8) is provided in thg |
outer turn (7) of the Plane hairspring 5 (2) so as to cause_the deformagmo WISE
of the turns to be substantially concentrig the m_ethod be_lng characterized

in that a spacing (d) is provided between a termlnal_ portion o_f the outer

turn (7) and the last-but-one turn. (9) of thfe halrgprlng (2), sald.spacmg |
(d)'Beind 18456 10k rdughdTei saitrlastebutiomectuer (O)rioremain fre@ c1uding
radiahtyﬁg‘urlmgem@arwé@ns:@f,th@rr@;@gﬂ@g, (2 qu@aﬁgépllfliqe?aﬂ d a plane
coespanding substantially (o, the, maximum, angle of %)tat'on o Sion (8)
balance (Iibclj in said movement, in" that said stlﬁeﬁé}c}ﬁ ft’(b?ﬁ(&??sr .
po%tlsorpgfrs‘%ﬁig%?{1%?hi5?ﬁeé§l(%§lfn tHerplanié bf the h@lﬁsmi{r@r@reatetrsprlng
thalr? thé thickness (eB)ettherremairderrof the skipdorming’ thens +o pe

o int ra thi s glefined, by the stiffened portion
Oy iPal 0 he jomande of 108 ST LONHGT ST e G i 229
outer side of 30 The Sute? tu(r§ (7131 F Wit §€é§|’éi@@ t® clairmie)al

chifdctétZecPih tRAE iPsider 16 desigh the planechairspring-(2) withhe ¢y v n
stiffehed pottion (83)i the-following steps are 2§§£&@£@99%99§%%$§m1é azge

I S S trip. .thickness; determining the un|
ga%{g%g%?%rg;gsg%?s%%i%ﬁm%nf portioh of tHe bterttimicr saree

e harsprirg favivg ﬂi@é&ﬁé%a%céfas the iptape: hairspeing;and: o
gt;ﬁ%%métm@ gutev turaspartian dy i@@@@&i@gtlﬁﬂm%%séﬁé';}%QQimum
plang obtheaitspiing 42)- o35 4. Alnsthod aceording to claim 11,

sald movement, in
. . ) ‘
Cmﬁggegg?%wg@?ffened portion (8) is a portion of strip of

thickness (e) in the plane of the hairspring greater than
the thickness (e0) of the remainder of the strip forming "
the hairspring, and in that the extra thickness defined

by the stiffened portion (8) relative to the remainder of

the strip is provided exclusively on the outer side of
the outer turn (7).

11. A method according to claim 10, characterized in that
in order to design the plane hairspring (2) with the
stiffened portion (8"), the following steps are

performed:

defining a plane hairspring of constant strip
thickness;

determining the unbalance of said plane
hairspring;

determining a portion of the outer turn of said
plane hairspring having the same unbalance as the plane
hairspring; and

stiffening said outer turn portion by increasing

its thickness (e) in the plane of the hairspring (2) .

12. A method according to claim 11, characterized in that

said stiffening step consists in stiffening said outer
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said stiffening step consists in stiffening said outer LLOYD W!SE 21 turn
portion sufficiently so that said outer turn portion substantially does not
deform during operation of the hairspring. 5 13. A method accordindwté)m WISE
claim 10, characterized in that in order to design the plane hairspring (2)

with the stiffened portion (8), the followingsteps are performed: defining a
plane hairspring of constant strip section; 10 . determining the unbalance

of said plane hairspring; determining a portion of the outer turn of said

pldre RaikspFing Having thecssné Unbalancaas the planes bairspring: ansh-« 5 on
15s varyingrthezthickness (e)n i thedptananotihe: hairspring, of the step,., .
forming & tggi(ﬁsnpring between an angle S1 and an angle S2 such that 8-
<F'1and S2 >R2, where (4, - fis the angular extent of said portion of the
outer turn, the thickness being caused to vary in 20 accordance with a

prédetefminetifanctiorebprésentinga ahinimuny substantiaheequalgtos 1 that
the inicless (ed) atiheg erandet afbesstrn af the.angles Sj.and $2,
e

the function f.and the angles 8_ and S2 being selected so that
deformaticc)}r{l]e of the %rﬁoﬁlort gr)\ deaﬁr}lnﬁeof%]tﬁé’ SBAMiEPS1 ang s formed:

substantially'fhie'$ame a3 thé adefohmatisrpwhich wéuldoceunifthest rip
thickpessoaof;the strip between the angles dl and F'1 and between the

angles R2 and S re the that of the remainder of the
h irésg_)_[ring and if, %gt!v%eﬂelntgthtz%@ng@% ﬁkf%%ﬁezftfes?d iffHeS8f the

outer tur \lfvje?géqual to a predetermined value, greater than that of the

remainder ci¢te stripr ibd Amethadi accosdingHe daime13,characterized 4

in@h@tnéaiﬂaﬁr@@@tﬁﬁmg‘e@a\@i%%istiﬂgnigean’?’éls Jﬁ-n%gcla\r{gelak as the plane
hairspring; and

varying the thickness (e), in the plane of the

hairspring, of the strip forming the hairspring between
an angle §; and an angle &, such that 5, < B, and &, > B,,
where f, - B, is the angular extent of said portion of the
outer turn, the thickness being caused to vary in
accordance with a predetermined function f presenting a
minimum substantially equal to the thickness (eq) of the
remainder of the strip at the angles 8, and §8,, the
function f and the angles 6, and 8, being selected so that
the deformation of the turn portion delimited by the
angles §; and 8, is substantially the same as the
deformation which would occur if the thickness of the
strip between the angles 8, and B; and between the angles
B, and 3, were the same as that of the remainder of the
hairspring and if, between the angles B; and B,, the
stiffness of the outer turn were equal to a predetermined

value, greater than that of the remainder of the strip.

14. A method according to claim 13, characterized in that

said predetermined value is infinite.
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22 15. A method according to claim 13 or claim 14, characterized in that
the predetermined function f is convex and continugus. 5 1.6. A method
according to any one of claims 10 to 1.5, characterized in t.hat in or.derdgj\i,@ WISE
determine a spacing (d) that is sufficient between the termlnal portion of
the outer turn (7) and the last-but-one tuzn (9), the f(_)llowmg steps are
implemented: 10 defining a first point (P]) on th(_a rad_lal axis passing
through the outer end (Pp) of an initial plaqe hairspring haylng a stiffened
pottion (8)"theMitst Peitt {Piyieing sitbaten beyond the dast-but-one turn
of csaidt initial planethairspringtwher spiddast-butane.turm 45 is %Bafzmdgds

: , \ : : . ¢
by ahamplitide corres ng to the maximum: angle _of rotation of
bglancafe; defining a sec%%%gélo%ﬁt (P2 on the outer turn; interconnecting

the first and second points (P1, P2) by a circular arc (18) 'Fhat is_ tangential
to e obiterONurh arthersétond ipoint(P2)in defiming adthird point {B3) gn

thgd ot (53] beng such hat 11 i of he SoUMERt SR CrPs (9
' ' ng such that the ' .
gﬁfgrge%ﬁ%e??ggfhem SR AT %ﬂﬁrotﬁam@&é, Pay isiequat fo the

e second an :
th&'ferfgth ot Bie iritialtarh $&gmeénts(Le) detimited ty:the se¢ond peint
(P2Y Ahdwhe initial apiersend (ﬂ@mﬁi&?@gspri?fé akr)]dt glvmg%ha tslec;l;nnedss
in the pl - irspring 1o the circular ar efween the secon
Ia?nd ?hﬁc%%%%%&%%l%%tﬁ%t{ is%laéerl)tulccai %é(gtheO ‘rlzni%ee_sjé?oﬂﬁé iAftiaf
tufi §&gént ?f@?,utﬂ@ rESRtIRG RR sefherfto betweernthérsecond antkne
thitd poiths (P21 P8y topstituting. &feorsected teripal ortion RE the; outer

tuo 35:17.54 melbed icgording loclay 46, chgacierized ip inay, the, | - -
se paint (P.,),is situated at the end of the LLOYD Wi
§QPQ Initlal piane hairspring when said last-but-one turn

is expanded by an amplitude corresponding to the maximum
angle of rotation of the balance;
defining a second point (P,) on the outer turn;
interconnecting the first and second points (P,

P,) by a circular arc (18) that is tangential to the outer
turn at the second point (P,);

defining a third point (P;) on the circular arc
(18) between the first and second points (Py, P,), the
third point (P;) being such that the length of the segment
of the circular arc (18) delimited by the second and
third points (P,, P;) is equal to the length of the
initial turn segment (19) delimited by the second point
(P,) and the initial outer end (Py) of the hairspring; and

giving a thickness in the plane of the hairspring
to the circular arc (18) between the second and third
points (P,, P;) that is identical to the thickness of the
initial turn segment (19), the resulting turn segment
between the second and third points (Py, Py) constituting

a corrected terminal portion of the outer turn.

17. A method according to claim 16, characterized in that

the second point (P,) is situated at the end of the
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stiffened Portion that is further from the outer end of the hair_sprln_g. 18. A
method according to any one of claims 10 to 15, 5 characterized inthabipyse
order to determine a spacing that is sufficient between the terminal .
portion of the outer turn (71) and the last-but-one turn (9),_the following
steps are implemented: defining a pointZh t_he outer turn in t_he 10
stiffened portion; offsetting the terminal ;()jorgon _of thet:alr_s%rérrl%ide y

xtending from said point radially outwards by giving the in ide
:alsdttle#n%ﬁ%ﬁ%o?t?dﬁgé ehcdiafy-atcuais réhape the genterof whiclr isthe of
gebhfetfigalrsamtar(0) 15 of the hairspring and the outer side of said
terminal portion a shape that gives said telrmir;qal |tohqrtl|(on a tt}lalfgess in

he pla f the hairspring that is identical to the thickness o
tco?r%épr}ogn%ﬁwgﬁlﬁiﬁafa%e%% eﬁ%oﬁfbn%%h@%‘ﬁté? @uﬁﬁ%%ﬁszol.o to 15,
CORRBERNG tHe epfinbl pbiioh with thedremaindere ot the: stiffenedportian
byt@eonmecmmfmrﬁa@ﬂwtbf@tmééhtz%@e%ﬁgﬁé&%{%%g%gggﬁ; the

' ' ie oV, t.consisting.in '

210@%?%# %?ggmgglé?j aagr%gf%%%l %aasr?f BH& B?Ell%irggiﬁ t6 18'and-ten

fabricating -8&d Smovemene implemented:

defining a point on the outer turn in the
stiffened portion;

offsetting the terminal portion of the hairspring
extending from said point radially outwards by giving the
inner side of said terminal portion a circularly-arcuate
shape the center of which is the geometrical center (0)
of the hairspring and the outer side of said terminal
portion a shape that gives said terminal portion a
thickness in the plane of the hairspring that is
identical to the thickness of the corresponding initial
terminal portion of the outer turn; and

connecting the terminal portion with the remainder

of the stiffened portion by a connection portion that
forms a double bend (11).

19. A method of making a timepiece movement consisting in
designing the movement according to a method as defined

in any one of claims 10 to 18 and then fabricating said
movement.



