10

15

20

25

30

35

1 *159159* REGULATI NG DEVI CE WTH A BALANCE AND A
PLANE HAI RSPRI NG FOR A TI ME Pl ECE MOVEMENT The present
invention relates to a regul ating device 5 hagm m,mmml"’mn
bal ance and a plane hairspring;for a tine piec

novenment. It is known that the turns of a plane 159159+

hai rspring deformeccentrically when the hairspring

AP T g ae ke v

explai ned
c&PReA GIMgr RVECE MOVEWENThai rspring does not
correspond to the center of rotation of the bal ance
and hairspring assenbly, disturbs the setting of the
bal anc&h&n @&y ANVG ESSEn ISt ahfF fek s regulating device

aRa$Q6l eneus ante HiRl cepilemohgmadtihgpffdihes time piece
halrsg{ ng could be returned arbitrarily to the

S “rotation of the bal ance by being shifted,
however tt Hat kwnawind mrmt stdﬂeve:urtmae qff ablpearss el i gy
t ki t, t f. gr.av
mg%lggﬁbfg%an rﬁy%ﬁ} kmr gg% ggsf%ﬁﬂ%%{e%'c%fﬁéé ration.
wiTth st lee cemitiriia d@émr@ratoforgrqfvittlgﬁ tumas ,defJeﬁenlts

S‘é'x';btl'aql?l%d"%\ﬂze tIREF RNORASAT (Y LAUSH NGF tcjlea G‘<§f the
gravity and the center of rotation to coinci

mﬁailésgrﬁ%éior% P iGRF HeSRBIki iRy, ERsh &ebyeT rfh%l?f@tatlon
t g defcomtamirs ofd &f@ﬂsp"ﬂslg:c&mntw;c, Zstuthe the

Bregyet hali ri with a called Phi | rve i
WTCH 5 Gl P ORI RBEA T b CHRP g pyd hakes

ahavanum@dMMdﬁqms .ng plane; and the hairspring with

angl e e

oot on MRS 3T AT F B0 AT ST ERT A e

plrata rase enlditqieest lsans dhe tse@te[rcoﬂi:emfra@@m #f the

h@aﬁ%ﬂde‘”@i}z]\ﬁetlwtskﬁtﬂt\&ﬁ] hdldshetht byoS0ei @4€ solve

Sui. sse de rononetrje. The first sol uti n ampunts to
NS WP SHe SIRAS Aur iRAddhAIphP s ot ihdtatspring
bet@ e diaidfS pyraigh t356 waclpdige aarpd LWGahlcl ytidrefore no

pla%%%r-Qg¥néidénﬁf¥h(¥ﬁgsngtlal 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 in which an outer curve 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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conme within the anbit of the present invention which
relates only to plane hairsprings. 2 The second
solution consists in stiffening a determ ned portion
of a turn by giving it the shape of an angle strinp.
The angle strip is situated either in the outer turn
or in a central turn. Neverthel ess, according 5 to the

aut hor gt LhahSAuLian, g ugh, ang! AR A o the

central turn oes in provi e a signi
i Aptevermed peritdoms off a w@nrsézyhrg@mm dft ttrhae tlagrcef an

apd hal IRNY aseiRlone angdlig S:Ltsr I thfh e ORI i the
does not give satisfaction. Said authors even

aBHRE@SNEITT0 OFhé Tha CSHHTRY XTI -andiey &stthe) § 56 ¢ ecording
obert hleUait hiot st e el efolttatord heyl tathdieemylBstdtngip in

t hei L k
RSP E SBnd s ST IR 1B Barince i LRl
haimpsrpMeM@nacssenﬁlqmtsy olf5 téte fifsarhypral porafi drheofbalance
OQE%F %H&% QE.EP éﬂg¥gfﬁ td“fhéngd¥5¥5t%fn

the 1 nventron in devi ce as defi ne
i flogsc avppradyivisy s@tmﬁaptwrt *h Spm«cguwfmr%rﬁ}fﬁﬂ rAxdoned

beinrg ndefisped ng wdependgte celtaal ird e it as Mebd, ash the
a tlneplece such as a watch |nc%ﬁg_rat|ng t he

a@@\}é%ma&né@%@ﬂ%ﬁw ar@\ﬁteeﬂg tedunon this

| megrtd.on i s based on the observation that contrary

to theé}:gloncl usi ons .reached by ttke ut haor s of tlpe

above- Mt PEREE At tiE1B SH i a‘? soncent T ques
sdmseahowridest' ofi ta |k8ﬂ{mm to resd thﬁmmmmg Zsembly by

signi

g%?sfgflreiqﬁfg: X Eﬁ%ﬂl )%quy stmi}?énenl dtar{]gc?fmagrge hairspring,
p&S divro htﬂh?e RotRSse thren devqrrrelcrrauﬁrf%cb\fmfgs HriovF et in

t Bty itRe s M REtME b cdpartyeidd Nalaf3ert) ol the
outer turn and.the | ast-

t n urn_of t
hé%arr%% | SIRGGIMER | gcgeéjo“%‘b Jerhscﬂ?%erﬁ%?t claims
s@ ad ast,- kg wid tday e rtelmee;nsecr@,dlahd}y ds ee waluch ng

expanS| ons of thcb hal rspri g up toa udes
COTTESpor tln st arﬁo al 1y y tl(ﬁ}e n%rre)rz rrua}ﬁc%l%%ldevjfce

rotati dlheofprtdﬁ@rballarwwplt hes npassgmn the observation
that, contrary to the conclusiocns reached by the authors

cf 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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According to the present inventors, the reason why 35
the solution using angle strip in the outer turn as
described in the above-nentioned article provided no

i mprovenent in terns of isochrpnism stenms fromthe
fact 3 that during | arge-anplitude expansions of the
hairspring the |last-but-one turn cane into abutnent

aQﬂEQSHuEH% & e éﬂ ﬁnﬂgﬁﬂﬁgnéiéﬂéﬂgf”tﬁﬂ1Hégkgbrlng
d e S

pIn associ ate outer “turn, t hereb Yy
sitgei fliegdmo; -@nst wrhgta@et He tepaattigm ofadaigst the

h@ut%m ithGn The -5 d e 1S arha@iabsenyeskddatated
% nDdlfyln the hai r sp rln%‘ escribed . in the
S It

arqqgwag aqqﬁﬁ disturbing
etm@ns:lp@rraafloﬁheﬂ asie malxcyzcﬁ:ﬂng n ilﬂqe’lqiresmetdedl\kmltors

I
55l gD 05 Y S W addising doscrives

opelr atheorab@fvet—hteerttaloamﬁe aranotJJQ|ms|ca'uq’rg agsEmRy that
%%1%@%@%%@'1&’68 A netr%oé‘lfrn lh.':e rﬁftesﬁﬁgeded by the

|nv ntion provi d of designing a
r é@dtattivrg déic O WG HMIEIMg P Balkehce amfesI% i anech

haisr spid RGud %d@l’f@dﬂéﬁé}(@)ﬁﬁs dQﬂ‘pe“l&&tldh of the balance

acco ny| cla|n113 articular ntati ons
g e rASRErR PRF SEPHA ngl%g];}endent
duydahrdﬂduy characterlstlcs and advant ages of the

presen i hve t|on will_ appear on readin h
foll ovmtTr%lg FétHiq e rk eesnctrllop |aglSorrlaPureOVl(%jl ¥ agfr{taer en%e o
tld@samummrwm&ymaawn@gsievwmmprlﬂrgmr@ Hajange and a

pa_raél\e W i A hrRpulatd ek 9y %1@% W f Q3 & first

enbodi nent of the invention; 25 gure 2 is a plan

VidER OSHRARINAGLT 51 addy ot %ﬂdiﬁé?@%folrpuhre H&P#@b?m%tb?ns

a tHRINIH indialg rROUradd nich ﬂHﬁ”é&%réébéﬂ@iﬁ%siependent
position; Figures 3 and 4 are plan views owi ng the
héﬁfgﬂﬁ ng of Figure 2 respectively in expansion and

in 30oxhqrwzhﬂnxtténistid&xnmﬂia&ﬂamﬁ&g&ﬂi@m viherpresent

tlflq}ve% {&n v?f L n%é@hr Sc?x{ Ilrkgadlné‘ tfel'? (% &aniled
alrspring being taken as ere
pelasicription 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 inventicn;

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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Figure 5 is a plan view show ng the hairspring of
the reqgul ating device of the first enbodi nent of the
35 invention in its rest position; Figures 6 and 7
are plan views showing the hajirspring of Figure 5
respectively in expansion and in 4 conpression, in a
theoretical situation where the center of the

haj ri is f.ree, .t t, e : ' '

bgiongﬂ‘teas%gﬁ’ "ds & T%I >2C el:% %rr%fl{el(r:creanlc ;&L ptcoqan%l;rben &Pgéuliez pCrSH éllg,: eanter
plodn thicelashonniga He Halasspriihey dfters end efultds ng
deviiGe R HNhd ¢ A FENG enbed MiteYdncd Koint;

i nvention, together with accessory el enents thereof;,
Fi gur e "9 Fi9 Sifagriafétia® pligy el Sibvitify v ring of
ﬁ@r tﬂe@ﬁh_lta(lib%; ﬂheivfifcﬁl%f.‘d:dﬁ_‘rdihgg ad el st%etrdrr]hdafemmejiment of
Lrspring,.af t re atin evice of t i nventi,on .
| $1e (R e O IR 45 b T TF e T L) bl oF 2OT
showi ng Vaguart © icf =amliagremmediiat et repEy ghonipe how a
obt ai ri - igni r in
qasteath S S TR & P AN L (SO 1 N0
dihagrapranic fl dhmeinsguidiing devitredtetihalinvention is
exarRsif@hLf, an internedi ate hairspring obtained in
t he desi %n met hod of the invention and in_ whjch the
term nal hesh ¢ the %G RhATh Heal ithewpingevariants
Cofl et adit At RGi t Fitglinesphdiis shabpagsvtamied Phedng a

[ how how .t he t 1 nal rti f th
CRFEBE (o IR o g b O L It e 158 & he!

cammesttedrso as to enable the [ast- but-one turn to
o2y {15 W el onn 6 L HE showins -
sibsenatiifialy evatiel grdiman sy rd Fatath o 99T e
asHd e halancaie Wdh nefisense dre FH ket don d@and in
(St g dexlce Tor A LT Plsce movererl sceondlng o
haleg srmg:t2d;n die form 30 of an Archinmedes' spiral.
Igflg?ni&ggﬂgggTE%E%yg%éﬂg%%f ﬁﬁé@&g ﬁfaél%fgwtghgwing 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 1 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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of the balance 1 and is therefore continuously
subjected to the rotary torque fromthe balance 1. In
known manner, the rotary shaft of the bal ance and
hai rspring 35 assenbly turns 4n bearings (not shown).
The outer end 5 of the hairspring 2 is fixed to a
stationary part of the 5 novenent, typicaIIy t he

oc ORY al J.ed ugd”
DHLBARRES Ok, XD TRIRRL e ol ] St menber
|6scééﬂ@% F@ﬁNdY -a stiffened portion 8 that is

arr angg@co§dtlagc%se;htehand;%fn%@t | e MaithAiHPS ths in
be substantial 'y concentric duri ngC expansi.ons and

coivgr 8¥4eend USF thé R&lfdsnaty PRI ofs Sifiatensy arranged
ptﬂbt cARse8 the GRFsirnattiecthhy fa {ey thuhoftd hee strip

hai rsprin hav reater thlckn Ss e
| Pl dna 187 el Aty
r ecaipreess iohst lod st malrﬁpr&rtd‘nz;kné&sxse stsxﬂhrgesi portion

e;@"‘i%h JoRls@bi & P e it ?JS}F%% 89, Ofs g, ffdﬁtlgﬁ;efthe
e strip to confer st| fness to the stiffene
p@ﬁtluraﬁrartghata\t@mlgrgaaet@trerthztoﬁ@e%a igt §hfe plane of

r el RAeh @frithe tHdr BocUhe dnidithdex ea@amé Qs g
ons of the hairspring, the stlffer& ortlon

conpr essi

g7 ﬁarsd@ﬂ&é@a% Stk S AT O, Pt g d t idtes

p&hﬁle@dn!é&tsed nofhehéefremaahdem of the butrAp. tbn cotifer
shovvn tgae St

hickness e f the, sti ffened
pgrtl gﬁl BNaAA & vmtﬁffketr% it lrﬁn Stt i ehad R (et ter
Z(thsetm fherted foditts aremabigidey equalhe ottt 4 hlm,ssilemng

x{p%%s:.o%@'arﬁ%er Mo A ShTd By Andid G, Bl d he
ene ortion, el ng ua O three
|Srtésffteﬁ>@d FIrdkiras $ S it e fexs rﬁferalglf t3nd skhepefore

{\lﬁ{\b@tfsthh@kte@%,rt@st 26564' tlﬁfe ta{ao?:t@mirdmatitc?e doldro th@sns. In
| CKNESS e St ene Po 1.ONn CO
Lhhe RIS bR e R & B R SO fenea

t @rom'tﬁaaln [Boridrarss , ofw:tthe :stts friiemniechm poxtt |tdte dihes exf righe

t hj,.c r est nt ed e
| SSEIREEINE R LDP S eI dhs 5, of che
S|rteurait1e‘ts|iee:xcllﬁ191hﬁel%t@rp tami outsemast deurnf Ymhethgoceniser of

LWL GSG @ ddP RNSUWS [ didd SAUOL SOBrddtPimes the

contact With the l'ast-but-one turn, identified by
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 porticn 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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reference 9. The way in which the stiffened portion 8
is arranged along the hairspring 2 is expl ai ned bel ow
with reference to the nmethod of the invention. 35 As
explained in the introduction go this application,
the turns in a conventional hairspring deform
eccentrically since the center of gravity of the 6

hﬁ'aﬁ%@b'rriglgd%%é‘%totc NI R Wyt H tﬁ:ﬁ%&@ﬁéﬂx@ﬁéal

center. The geonetrical center of the hairspring,
t Fenteant erTh@r deeE AR o fC &S et WWHI&J is the
slzzlemleﬁ of defd fedimd of SFdnaaicrd ion Wwiectaxitss dpiral is

aalian of sthe 2 falance, and el Lo nge 39980l of cne
c@m&emteomﬂd Maumﬂmnung|asadmbﬂymwn3ﬁgdnﬂ12¥$ﬁﬁw&xkby way
S%'fr qllllu %10%Stfao fne e%lc}ﬁ(?%letl{hef y%% ngtjll::r? the form of

aSSOCIate ane 0] rence , e center
ofangPadihtiynedesof shg Haidms prlisngre s gmseistlyranotqgeqf@er with

show ta@%o%qraecéaalf&%@fré R resRaddael o afit eryj tali@sthe
been expanded one revol ution (360) and after it

h&@nﬁéénofcaa:ﬁrvesf@fe&obyfoﬁeer BeorEPreRIy EpFiisTg Jaand 4
P ehwt Q&@J%fdn@h Heilﬁrsp’i:l’hﬁfg argb e ttihes hai & Bt ngs Itai‘@ been
out er t he ai r-spr.in taken S f|
rgfxé’raéﬁng o g i The oféﬂi err?n &Séudlg tor‘gue@C i's useda? peen
rr@a:nnarimsetd]éay omey e loft idthéshapsiying 4 pdreetorque to
[ t |

thre LRGN Q{g‘i dbaaéhec H ;&:%raﬂfda i1 asse(rjr?b yeclsgb&’he

the axis of | ance a al rspring
f hed nse rigge Bsa 1tk arp ahed fliafrd ore ke g rikpiihg, The

Oft drily OtRfle WIdfud'S NOtudiR] & Dmdsarings. theolpﬁrseleaéhd of
be seen, during such expanS|on nd conpressi on,
%pﬁh%ﬁ}

éé‘n’?ethﬁl&ﬂpréé}ﬁ &rs TS5t the hdt %El?%lpr‘éjs%%‘f%tance
byLsa amytﬁded I’Whe!i%}:ﬁf et | sexinOves e rli)eylai’umgand heairspring
xis (g?tlve VA Ues, for

X g
anS|o andzﬁﬁﬁ%rdﬁ p05|t|ve véfues f%ﬁekpf Q sz%he
cmmrrﬁmwm aw trherdfer evarals ongerottdiabd des bwalhlngs

the Lenter Q.40 the fiang,of égﬁﬂkﬁgl and P& £é§§10n,

since the geonetrlca center rsprlng cannot
e IRmAlsE Gl RN EIn r #htthepa e hing hes
baayd ﬂmr&nad he, shafinofiddeidad ance- Badnddé & SREINTy along

% )éns &D ’Cgﬁpyfr gg%vg%gg%}ﬁgggg]fvé u\;a?fu defPr M ijuétlnpgng
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 gecmetrical 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
hairgpring. The center of deformation of the hairspring

is the center of gravity of the elastic portion of the



10

15

20

25

30

35

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 35 of the
hairspring 2 to the geonetrical center of the said

hai rspring. The center of defornmation of the

haiyf; SR 'rri?xg,| § .he gentgr ﬁ@rt%%wéfy t@L e 18 AIRASHE other
portio he 7 halrsprl ortlon o
t kB aRailtspsitid fenest pquw\m & sthiiuaifs £or€tr| AnB.7 show
Flt%lé:r @it%l@spg,ln@nct BffS[t%\@ rte’aﬁlltfhadlfrfgmdél&c?e off tdyes

ul ati.ng device o e invention res
ré Ve g’ndf@&pfﬁt&vealﬁpliﬂ A§ St ’ﬁiﬁ-‘gie%% ?q’ffegrofaf%ﬂ?e‘flng a
S@mﬁrearﬂmlﬁqueade;fa&hen éan@,lraeﬂp'il(ﬂd’d& wutier Ringhod 3 hethe

halrspr|n ken as .a fixed reference 0
[ %3 efl UC% r?lggr’?gln% belngafft er- app yaf)nfgl%ed
pmeéetr@mqqee mamtng atshersmmla) t.udndasin gprp ERE sl an

(tatf%e‘}“ta?fpl%%g‘)f t;ﬂﬁ“ehadc{r%ﬂfé %\Hq{&g;ﬂ@ks%}ne‘l-oar@lﬁtude as

fixed referéence point, as In
sé&n Figare He dcéwawﬁec,rmer@erﬂfertf@ f@flrtww r%%%gtaken

2 aghar ¢|l‘x!<e@f3\£%$h e%l'éﬁluf creer&ur}& }@@qmqrdld;aneee M th thecan be
cent er of the fra ref erence
et e e G o e o 14k et repring 2
phactilge ntdveslk'am;brlsetrrraauﬂst merd:ecb:hyextdte e i s ognter O
th h ft of th ance an rspri.n senbl i
sﬁ)&f ?Cgll%ent 1Vl | ere%e Qg“e%%% %q%cokh%’g?ar%%lor%[uﬁ%
t comprEiss isubst dmmsahln;plmwctémtr iig} radticdethe

tf&%%rsectﬂaaélt ALY w%@fbefflqw&%@ @&d Jhafr{"éf the

| eads to a significant” inprovenent

|§3@é+@rn§rﬁ SRS at%@ﬂﬁi%@e%aﬁﬁ@%ﬂ%p?%fgl%e%%mall for

Whineh d@fﬂdrmwlkarmircﬁﬁ LHe thofriierd Nrdridin hoasd t@stially
wi t hout  bei ng ected to distur |qgwforces due tP

o e R e R Ly e R b
agaigurte B gurde 7L, atcicy dllEl’EgiEt @5 aggrineficant improvement

ter.ist t .
CSY MG, 0% MR Send LA N ng
owsgrembtlyr,n whighd wihel [westk murehe Jtrurtrplgqm% laryles

engh ﬁ%ﬁﬂﬁﬁ%tﬂgﬂnéiﬁﬁ%ﬂégﬂe&nﬂocﬁ¥égﬁgﬁh§b forces due

renalns radially free during expansions of the
h C%§§ﬁqﬁjQFlﬁfQQ) 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 enocugh 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. 1In a
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30 anplitudes correspondi ng substantially to the

maxi mum angle of rotation of the balance 1 in the
novenent. The term "maxi num angle of rotation"” is
used herein to nean the nmaxi ngim angl e that the

bal ance wheel 1 is liable to reach during nornal
conditions of operation of the 35 novenent. This angle

Iygﬁtc%rlmegt?)g)dlrﬁt %r tdfl‘gl'@ J.?‘XI%FHZ%,OI‘I ort(Hee fr{é;{[ﬂr{m angle of

sprin
| goatian tivse dAedKilng 1&g ¢ham e HW]@a}g angle and is
egbRd MRy a@foutth@ 30’W9mﬂt0rls tﬂ&a@@ma@mt@ qtnocklng
rotation is slightly less than the knoc

gle a
?ngé&udts 5 &6’&9 aﬁé’eﬁrtg ie il gc"’tttfeon OP the
kmalanra:@ fafa;g{ arhlsztdea‘ndmdtra;s dagduie t hie. é@nglteymfcally, the

rot at | o Vﬁth%[ anlcne Jlrsgern whi che ki ocI% oc@cu&rosmeS
Cal Wi ch Ipul se-pin

ofintth:e dmitaamie mcm'estha rmxtetrorﬁaaaﬂ off teh ltdten ouff erhd aterk of
Ofth% té%rc% tn:} d_lgatlcg the escapenent pallets. In
era

ot her wor spacing or distance d_is 10
| ar ge énm@diﬁletro waisiire thratraflird herrting opetaitarceord is

t he v eRiigh tthe drisird Wraanesdriiily &0t EONR: 1 W O F
contact ei t her vvlththe o%tertur vvlththe st ud

thegmovenaid e cPr}t‘at‘iPr%H% HEPt Heeme into
cmmft@s:sj @srist)heaf vt:mh [tasd -ditteronaudnirn & avecmothe stud 6.
i npeded ;15 at._a time dur nor ratlon of the

n
vlélr%s\entt S Xpaciy%lonnsatqjons 0 tlﬁtacraﬁt}ﬁr nss%ltv\%?/s remai n
carogntersst,onsherfelhhd daitnguto-ensitgnin i Taate not 1mpeded

| IR Q) b ra& % RGOS of ; 4he Palance Afknt, the
AL

hai r spring assenb In practice, in order to retain a

s steaF MAdrging qﬁwethezoqgrsnwaxﬁartewrbfcqm@%we@r
t ltrH%rZelﬁzarleQﬁilﬁflflﬂd anesh gif B i @NoUahERYedd oM fhethe

Iast ut one tu 0oas to ure that the |atter
T G ¢ DT CH G The | Sara £

expansuongar@fcttjhfe hair sprdeyg tgoi gt an farsafety margin, the

a%ﬂérg%da%ts et o c{‘zﬂe\{}gealo%é&e ﬁ??&'#téa%%@%%%ﬁed

ance . t he
arfgire erRiugly @@}Shﬁﬁ@n dhrecort enboddmentupt  heo as to

| BRI Obhad e Gt ddie a0l @tidgodeyl 68 COMRIASESportion
in particular a hairspring 2' having a stiffened

06?@%“tqHQ%qﬂNﬁﬁﬁﬁ?%?onﬁiO 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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stud 6' for fastening the outer end 5 of the

hai rspring, 30 and an index, of which only the pins 10
are shown, for adjusting the active length of the
hairspring 2'. The stiffened guter turn portion 8
presents a double bend 11 in its central portion.
Thi s doubl e bend 11 enables the termnal portion of

t ut-e urn 7' .. f t B
AR e parld OB, 8 (IR SO U I e che
| dsisthutogaet durng’ 9 t,o aéldsmﬁeé:qrtﬁelty rteq tkh?éfe g h;i‘esnerally

% 'Pc'ih@dar&%;” 'r@?;a&%f éﬂa%@%fe%%q{ﬂéis suahas; 4 haeda‘?pted to
and pins 10 can i npede t he expansi ons, of

tﬁé’taité§tn b’t:ﬁ téwe index-0' NewRy el v i hakar pnt, the
ga@la?ad layhd GitrsC Wiayd w-oardma_f tcﬁh&:hmuﬁed:ent er 0 that

I'S ada rotation, of t vert S

a vari %‘teret ll@"‘fsn(fefef‘r?dfﬁfi opﬂns 10" SR Y éatsd
ordietstigohinbhenhe frolilrems imgescramt iohn of the net hod for

desi gni nd, 2 5 Fifst
Ar chi mngl{L tttl?ﬁl raﬂr kgg%dﬁee% | r@raflr arrstse Aé, refer enaé frame
(Qf xefprenge tlp mom f drymiibee Kpwn (ﬁ.t))rﬁﬂﬂrfa + p6

wher e rro(egnd R arepgredetermned constants and where r
and A"are pal ar coord| nates in the frame of reference

(Hhege ¥y am#hxzsaga PaPIPS ey 8 da COPRItF It @Weé@eé”ﬁ r and

i 19 ke Polplrareefdithe espiimaltndransdt rdfp tefighdndw (0, x,
per)pendi cular to the plane of the spiral. These

vdl'ues eo and ho are constant over the entire length

of the Tyis apirile icogridieratesixiq YQcloieshes camt ahe

of glavid .t ' r n

SRR e G 8 Y 00 QLI L L - o
L @ Plarfe yafs the el iThadre Yakiph of atnldeh are
haidnd¥dild ARG dsd Sdt®e length of the spiral.

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

of the hairspring obtained in this way are calculated as

follows:
1 L
Xg = E { xds
1 L
= — ds
Yo L_(I;Y

where L is the length of the hairspring and ds is the
incremental length along the hairspring.
Using these equations:

rcos9

x
vy rsin@, and

= Jr¥de? + (dr) = +r*(d6)? +p>(dh)>

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

1 2N
T Ircos@ Jr2(d6)? +p*(do)>
0

Xg

1 22N
- T Irsiné’ \/rz(dé’)2 +p°(do)°
0

N
o)
|
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incremental length along the hairspring. 25 Using
these equations: x =rcosOy =rsinO and ds =
r2(d02 + (dr)2 = r2(dO Z +p2(d8)2 the coordi nates xG
and yG can al so be witten asq follows: 27dv 30 xG = L
f rcosB rz(d9)2 +p2(d9)2 01 2nV yG =1L f rsin9
r2(d0)2 +p2(de)2 0 10 where N is the real nurrber of
the ai rspri ng. The baI anc f t

Fl?gﬁr lljlt hgﬁp&eélu asOfga 1'1Satogfdoc St alrs e
of gr a@hteyu@balla@cen@ &hmmrmnr&r@ast dﬂmn maﬁd as
L BE1BANLERM Y ¢le” QAL o 2R QY L he mass

density. o hai rsprl ng vector OG defi ned
by thebm;oerGO and G (Whl ch are assumed to be
Siyhdated iR tthe smiphanRe Qﬁfadﬂeema{ﬁstﬂlem | ape Qj‘eoh L
t he halrsprlng) has as, its rmd Jh@e} , X2 +
pYPEEEN Qof- St hESolPES AT i Hat s st%teo L ng rna?my Jée
Wivkeke tolre oG e ddet evei m:@:dtsh@ tedtntish® wndblancthike are
anl scI)ncehr anl sm of t

315?.1}833% rtﬁz 298 ategfasserpo S ane para el to the

airsprin Mes zero.
porinen odf the ﬁmr@memqmmswdd Jtth‘ennctﬂeﬂrlm nf or ced

so that it oSes _its elasticity and constitutes a
"dead Fone"Vihat ¥wes not participate in the

deLo{ mat |pQJg"9élQ{n tdre o quﬂe;ir rtﬁlr-ll:p teld tm At the made

una ance ortion of the _tur at.is t -
NG IR i e Hmgilita o G S b Pfance B
eqmalcht dst hre gabvad idriee @ tHa sartmcrclmm:lsmn dfS the balance

OI ?f’%%r n%)r%'lﬁ%h tggaetmbtl &OCJCIHESG éreé bef%§:’b51ptelon of

Forn por t1on and has an ‘angu
e>tth@ntour:§r turdy willda t(hﬁn. R qpeienf@radrhtse sthat it loses

gngr%téga%%'iﬁwta&dﬁ%or@@ﬁ@@éssiawgvaég@%é'hetm NSes
not participate in the deformations of the outer turn.

To eliminate the unbalance BG, the portion of the
turn that is to be made inactive must itself present an
unbalance Db equal to the unbalance EG. This turn portion
is necessarily such that the point G lies between the
point O and said turn portion and has an angular extent 3,
- By = 2o (cf. Figure 9) that is symmetrical about the
axis passing through the points O and G.

By assuming that this outer turn porticn 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 = e h AL with AL = R (3, - ;) = 2R.x
which gives:

RAm = ma = gejh,La

i.e
2R’0 = La
whence:
La
o =

2
e

2R
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25 By assumng that this outer turn portionis a

circular arc of nean radius (half-thickness radius)

Re, of center 0, and of mass Am the nodulus of its

unbal ance b is equal to ReAm where: Am = QeohOCL with

AL = Re (132 - PO = 2Rea 30 which gives: ReAm = ma =

QeohOLa i.e.. 2 Rea = La whence: 35 a = La 2Re 11
=13G- a 132 = 133 + a where 13Gis the

angﬁ]l'ar position of the point G 5 13G = Arctan

(yG XGB:.=The séction of the outer turn portion

del imiged_by the angles 13 and 132 is then reinforced

by gi vi Ag thcis outer_turn portion a thickness e in
twéemeaﬁe ¢ the aﬁavik%rpﬁﬁliahafl P§ §h&aPerth&h t he
t hi cknggs= egrceag (¥g/that is equal to three tines the

t hi ck t.he h
b S Siicteas A S ST P e
i déuat |afnlgt§£¢sby51 rehér Bnciss &herPred orfadof ged iy oy tetng othls

a\é%lt% gutn fla ne%u%%l@k$e§§ g vﬁ%{ ttlnee r#}lo Q{f Nhe

breaki| ng rication or peration
abatllar@prramgaltlfsﬁtem%@e@gcesrt rtéiaghttheerrés@@eeﬁs the ©-9-

stirfafrened e@%ratl' Y Fhrdde sshape pf ﬂl’m:%:kﬁééécf@ned Figure 10

portion 8" 1Is corrected so _as to soften the
t FRREIS iT5e BeisRT i At IRA tie frf@n%u%rwo?h thes

;tgrtllrffeﬂéjds SFQﬁftT:LQﬁ'I lkﬁﬁrlfg ﬁmt?ﬁa@i oy tﬂf@fléﬁeﬁ&@@u
DOVI " i.s typica rformed as f.o
I nitialh gaﬂ}%’t i‘gh A—ge( YOG Uty Jt%%ﬁt .reduce any

r epirsés erft aiha/élanfraprran@krﬁeraés&g rdutiengl fm:a*matm or

h@h 1SR I:Lrllzg o?:fertﬂq_o(}lora{’tecct}féj I%dlfglqgﬁ%}%ﬁd% aétlaalght
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 equal to the thickness
e, at each of the two ends of the stiffened portion.

Thereafter, the angular extent &, - 8, of the
corrected stiffened portion is calculated. This angular
extent 8, - 8, includes the angular extent (3, - 3; of the
stiffened portion 8" shown in Figure 10; in other words
9, < B, and d, > 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 §, and &, 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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function of polar angle 0. This function f is convex
and 25 continuous, and presents a mninum equal to the
t hi ckness eo at each of the two ends of the stiffened
portion. Thereafter, the anguybhar extent 82 - 81 of
the corrected stiffened portion is calculated. This
angul ar extent 82 - 81 includes the angul ar extent 12

gg‘?f% rglfa ttll'c])% o%o é:%tel ftfu%e %éﬁ’q:r td dlo rsb Bt rf%: (2}}/}%3 rl §b

i n other ures
9Fa@@r90)10 m%@@@r tt @é{gé{% r@e 2hé éngJSe§CB11alarrd> ghie sum
I bfl $heasSpRG thiRA JdJTR reRItiRAL G StHHd ecnﬁ% H:thﬁﬁhé s

o deform in the sage nann r as_the turn
dee.twe&nbﬁhea.aaigée% gl @ad gl | e 2 P e el %%r%gﬁ and
o®, Fi griie d@mpéﬁéuﬂ1agon@hahethglst|bfng$sOefthhe
stlgfene% porti éﬁ |nf|t %p_ls the idea
t RESPEM éoquﬂﬁﬁa e 2 Ydefo %ﬁu? of- THe turn
portlon of t he 2mai | pr|n éﬁy i gure 10 bet ween t he
angl es B, and 8% i % fal tlydhe sum of the
respective deP@W ions of Pehe turn portions between

the angles S, and (3, and between the angles 12 and 5
gwheTiee M drfp dienmadies g athelebgmnatoon)onftarque applied to

deh%r Mllr%g)ﬁ% téﬂas e Médttlejh@f de@v\sy 4 3555 @%h r
hoeo s, %re Mis the mne

=12Mf

of &efarﬁét. ofiSof foFaaecaBBPPeatta the ﬂ&ufP§B‘F|tﬁ(j’n of the
ammrﬁﬁbUﬁﬂﬂs&ﬂﬁﬁtﬁﬁﬂnperAGhr&de@VMHéldxﬁ@ i, this
p%.n_ fo&\%}e COEPQQS_ of the deformation of the
coifeted st d por on along the axis (0, x),

this Cﬁlﬂ HE€Mufi ydsen as fol lows: 12M'5z D yds X J

3 ho ~"xf Ehe cerponents of the above-menti oned
defornatlons ®afong 15 the axis (0, y) can be |gnored

150 IR L5 LD Gt 9,08 SLRL B atong
thélmwxb@r (§3f, war il d55 tdremad)lsi8® -they are negligible
and of the same order of magnitude as production errors.
In order to reduce the number of variables, the angle &, -
8, 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 B; - 8, and to 0, - f3;.
This variable ¢ is calculated by equating the deformation
components DY and D :
;% [ T yds + ¢T§ds} = Wfﬁ Yis
S [Bc-o B, fo-p 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 D’ and Di become close enough to each other.
Typically, the iteration algorithm is stopped as soon as:

|pee - Df| < e
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S, is caused to be symetrical about the axis passing
t hrough the points 0 and G This nakes it possible to
20 define a single variable cp equal to (3G - S, and
to S2 - (3G This variable cp3is calculated by
equating the deformation conponents De X1 and DX : 1
Pi Y+(3G (+PGyds 3 f yds + fyds =f 3 eo |l GP 12
P@hePef: To sol ve the above equation, it is possible to

25 performan_jterative calculation starting froma
given val ué ?(bﬁﬂcp}, ’D at is |arge enough conpared
wWth t Be= stiffened portion 8", and then

decr easi ng this al ue cp step by step until the two

def ormati on, . component s .DX d DX.becqonme clpse enou

to each SEnPe 30 Rp ey L hd I AT8h Of Gt i the
i ststfdpped amricom das rddddem byDXilviad i3 ttererigble
1,0- + 2_ i nal I r has been
GSTARISs" B * R Prtish e S2iiRS 8 LRangs. PO

gi vi ng Bvt welye ofarsixaicd &5 tehifelmdsiore(D)that iretR@ednicularly

t @%i%!&%'l%s for amnd %ri%bl%%k@cl&i@@'@ﬁ t’ﬂhé st d o dg
that is particularly suitable for the variable

t FitdKfeoe P AN d orirfe GET AGFFUNAY portion is given

herebelow. f = eo ¢ eo 1 +/ cos@2ig )(0fPc) S2 - 81 10
Thi s fdnetifontf epr ekeht £08| # al to the
t

t hi ckness eo at beth ends ofg%hé Eb ected stiffened
portion, and a maxinmumequal to three tinmes the ,
t Aihdiendaicdd am & iy sante M iTHa W reBta bd 31519 difpckness

pert henbothi 8nfidneti @Re tokascibe advaFeagd QorRQidty and a
convex over the entire 15 | en tf}ﬁgf the corrected

s FEFAAMEE SO0 0P, §15ES TR sl STy Saild the

| ergitier tdfertely carmgdtadngamfariak mirt tseakareis function

Fi:f_gltllraes ]t%esré%/\\’fsantthaegehaoif Sb%rllr{bg c?obr{vae;feoqreart ttek{e 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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the step of correcting the stiffened portion with such
a function. 20 Neverthel ess, the person skilled in
the art will observe that other convex functions f
can al so be suitable. By wayqaf exanple, Figure 12
shows a hairspring obtained after the step of
correcting the stiffened portion using a function f

S#%?f ta'i%t tol}e %Sel?lt%gl&i%scfl%fg{ gglet CaOJ rlescégqgaarte’r itS:.'lan

ene por erenc .
cohsttamt dver Sttneff@mad o tareyt rséwm Mg thiguee 10

xRN i¥fs HeigHIna! e@&retdtorb%r;l%e Wher&: 14t LeRases basis
contlnuousl towards the ends 14 of__said portion

nsfeq%tesﬁ&afcfr@é%bfsoerrm tHa T et dnrededin

t hl S Gty hHEans fferfid hryrtong ofad heen corrected,
above- nmentioned , func -é#; t.he stiffened por
ot

pFESMIT (SR A F At B SPTG efuct i e G 9+ PY
Ofnetalmes foef raspﬁmmg:dareéladmarg, el dudta @l o, of ajpt eseninuny

S ATnesg trries'sp%rr@altfﬁf t@% tﬂ@lnﬁmt%ﬂ u%f 8k tion

por I on ecause Its ang

eptfemhecmlk?ém@l camdattg“rﬁ cﬁhatme Hasihe fcffrm#ﬁalmﬁ%rtlon of
stiHd resef dudihe stddfanadtPad LB "thd QQERIALE portion

stiffened portion has_been corrected, nmaxinmum
exXFafStoR G &R i idhs okt bl eene e by ensure,

meaNex@fl s dddidswad enedt Craélouﬂatlm ﬁ@milmmmmmlon nor
expansi on correspondi tp t‘gf numag e of . 3

r ot at i%51F € 61°tth e, (s 'th]en Faget ot tFet tpece

t erxpamad i quordfl drheofl &l thhet -outert ynn n |Eh£$r¢@m1$mt$mm of
tW% tgﬁgﬂéﬂg?r%ﬂe‘%&ﬁﬂthl'ﬁbgégoﬁ odl héfé%@the

st-but-one turn to ensure,” as ex a| ned ove, that

néutﬁfé{@tq’fét]ﬂérﬁﬁarﬂall tsorav o ripkani Jscaez%:@exésrm@lfymg the

el giRNtah St t HN dex RdSIng ahd NPedene %@ﬁf‘ﬁéx@éﬁ Ofortion.
the | ast-but-one turn. This corrh:i3 n of e shape

0S¥ Y &t Usordi P i & 1R ¢ QS g FeRFyical
smigarin avafl sitghifsmanid yhaxethd ya @tif@ene@b@dnam@n in
of, the hair rlng q:d of the stlffened %lon 1§1¥ of the

vvalytsofOL} Flust'td |on gure C_Lké t}}] I cal
expHrest grumwf, avhde sqjtap@ Hreasy | gt ay%t |kb¢@rme<dolplo$¢t©@, is

ipglrct?tloofﬁat% e%ﬁﬁéﬁh téwapy ﬂuc;m i{hMQQImI@ﬁéﬁ ’E@Jl:n. 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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outer turn, whose shape has not yet been corrected, is
not far enough away fromthe | ast-but-one turn. As can
be seen, the last-but-one turn, identified by
reference 16, extends beyondqthe position of the end
17 (considered 25 as being fixed) of the outer turn,
whi ch neans that in practice the | ast - but-one turn 16

0 .ab S A 7
%g}tngggfﬁg% % ?ltgqev\hl gh sal 31511%7%{?125{ (J:losngtehcetree ore

Taardie e eﬁ@:amd@ét 6 tiitort het GIWRiLLﬁ &f Rirgreaald) » and
3Qot:e<@ré¥jt he Iaaatlsmahn@w&tdiw réaﬂd;@.f&fs‘ﬁ—::m —rlgwiesgﬁﬁ&] GHbt is

rtor 1.Is n |
QeriRdy tOn press smen il OB e \ap i b it R
end i@ewtilze hmgmmmgwgtalmp&hngommtau snasdinuat ekpreysaingh) .
t *ie 1Stur%“‘1 4ONGLut %smce%nt %efh% hal ISR TG, |5 8t e
expanS| on, p. aI ance as reac

|b@lﬁ§pmm@mmaﬁgh@aﬂtuﬂuaﬂ|hﬂwqaﬁ¢nﬂnq¢m%)aad the p081tion

t B%Ort%te' SRl GO GURIA QIR 5 garg%%&%%d QH@'lCJ’s*J hsud asde

but-one turn is not Inp radi ally and
tftréllr@f@‘pé g iorRl "I%r“@ﬂd’ér@d’@di rpsiiad t%se%ﬁiﬁﬂ &It
Fhaufiepkihg ard atl aeatlerdmatex@ahssltoaﬂclas fraunsai tbd by

Iast but - on turn t at [ qual to out one pltch of
t RELEFEPSS %f or'S 1& Lﬁevvllsse a%hs

ha“lllgamel ngz i.s at maxi mum expansion). In F| gure 14,

t he pOSI %%c%f c# St & ggdgggﬁkgg tﬁaltr i%rl gQua%ed on

|dent|f|ed by rence Po~an osition
p Gitet O@ftarntteme@tta diehbainde @t tihe I%tsxtﬁﬁﬂned)mprttmrn that

and tehe 1aRQVemRntianed, vadidla &4 s e 114,10, g by

hairspring is at maxi num expansion is identifie
ref ererfc&te figstd 336k isqaEnPPrIinty o shewr:2i Are
Fllgllﬂéch%)nectécBQﬁgorhd A1 22 dree ded idied tmttarsgentlal to

t he rturn theedof

uat
stl é’H & pé’w“trunor? PE fpaorltrhte A oﬁtﬁ"‘tehé:e&}ftegr of this
errd rafuliare ara ﬂs&ommg_den'mefjfed Sitn ehidywsee ol Ipoi thies  Pi
a@%fP%e%rc% jint er connected by a circular arc 18 that

s tangential to the outer turn at the second point
P2 The derterdofeaiiits Pscilecdedingdc ong tihe icdgsuilipire@rc 18

| B efeh@lere tht A Ade 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 (0O, x, y). The angle T, is
the angle made by the straight line segment [0", P,] with
the abscissa axis of the frame of reference of center 0O".
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 8, and 8, in the frame
of reference (0, x, V).
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20 reference O'. A third point P3 is defined on the
circular arc 18 between the first and second points
P, and P21 the third point P3 being such that the

| ength of the segnment of the q{gircular arc 18
delimted by the second and third points 25 P2 and P3
is equal to the length of the initial turn segnent 19

del i m t.egyfy L., 585000 PR3 G oddlidd Ana _thira

outer en he hai rspring Ies
aPe 1gafsi ﬁ’edanﬁ Baﬂf%m%l‘(ﬁn 41e‘t@@ﬁ@%s%fl@%mé?ab"t@nﬂhat of

W%@%e 13489 Aar ecul%r aldflerdto fthe B0 A%ESi dhd e dHAMBfore
reference (0, y The an Ie T2 is_the angl e nmade

byatrﬁésspﬁélwﬁ?tnl %aé%tTw[ nd Ba1apft s fRestant
ab&@e&ﬁl@r@(l s Tofe tfherdtiane fof @‘ @'ence fam icentsari Ovarying
Th | e i,S.such.that the |l engt f the_p rt| n_of
tﬁgllccﬁ:l:?lr SEm (jaloreta‘i‘rreéa gh(fel SRR % Ee%angfes (-1 %Iorf’ZOf
iiheq@wla35am@lmh@”lemgﬁheobhnw¢|manuMﬂnaﬁ ﬁﬂﬁme of
' rijetf'eqje tclér %f%@?ﬁ@r Ol'9 téj%tbﬂasﬂ?rge% 'H'Q treéblbé’cfrﬂf the

2 1N y).

angl es an he frane reference (0
@amﬁ@t@rrsc Bear aaraéldi@zbé?ﬁ@@ﬁtﬁﬁélﬁ’eéﬁnﬁhﬁn@a@-‘ﬁmﬁ@ers

PO Nt STPZaNdr P3nl $h@l ek ildd GKRRSS dideNttiHedlvdidring

that of the nltlal turn s At 19. Thj s t hi ckness
03, ol e 4 ] Mo Wiy|TdE AP b i SEERERE 19

cctrh&ttarits Beelmﬁwfw &y 'IH]fe fam_ﬂesnﬁ fangd 8{ O'wheded iGyi'ng

ng . thlck €3S bet an Tl and T2
as a ¥aﬁ% i ont BF° the po?ampangl 05" gu$§tlon

above- nentioned fr eGerfige center 0" is
obt ai nge Syor épfacing tﬁ;é?sl:%ﬁ anet grs(13G S1 and S2

respectively by th parameters®10 0*;/ T1 and T2 in the

function f defi t he vaﬁylng thlckness of the
pdS dmnstt e Chllt A4 PRegment 1 that is
dellnlted by the an Ies 81 nd (@28, Wher e 00"

(T1+T2)5%2.= Foug, epoil eXamIse? ?or a-function: f = e +
e 1 + cos 21t (0-Pc) S2 - 1 15 thé& function fc is

gi ven %¥{ fc = e + e 1 + cos 21t ,
e 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 peoint 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 8, and is constant between the

angle 8, and the outer end of the hairspring. The radial
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T2 - T1 The turn segnment delimted by the second and
third points P2 and P3 then constitutes the corrected
termnal portion of the outer turn. 20 In a variant,
in order to obtain the hairspghng shown in Figure 8,
the follow ng steps can be perforned for noving the
termnal portion of the outer turn away fromthe

I - - s int. i fi t
| BPERAS, PBE i RO, $EISE, 9 19 Pt b
ceneetturherisoiselecTied tter dendlanusr tanovadf tcheensure that

haih s RLIsRI LR G rrf IRRRA FRINsdi% Afd$tnal portion
radially outwards, by giving the inner side of said
t 8VRn¥Refottico RS PIRARe 16F aF ML e XRA oD -

center 'OT@@ﬁ abl@ezeﬁute@lrt_isair@@ Q:fex&rairﬂalsqxfxaﬁmrnaﬂs conhnected
portion a shape that. gives s termnal, portion the
Do tP BETBIDAEY Brratth6t i SO RSOy o 4 1547 SLan
t érimien@lorirdion e aBhite thurok idss ddwsl evarares blet welmni s
saj Bt le S i S C .
¢ Rereet. 130, R b R A R T Ee g o o
r agicdld dimiggsdiimg wQﬂMﬁﬁiﬂﬂﬂQ$ﬁeﬂﬁﬁﬁhﬁ YPorftfiesrecrrprtion,
thel askriils 19Re tilldkds SeledRfb it a ba . age fUidhe
to_ensure that the |ast-but-one turn _cannot reach
s&rdceesisngo Bbr thenhadveRrhRen OMhELAS 8Fr Sid fifered
mpeirfd@nexpansi on. 5 . The above-nenti oned term nal
portion,.is,cannected £0 t&%e r emai nder of the

t

stiffen®d PSrEiET By &% &rﬁgqﬂla} DT < 8% o

f Gnvetrite cdodls e yipanth 1Yy, rEdes o fterididghin J i et poatt ilom

i f .suffici.en i 0 t ' i m, ni,shi
et R a T AU FRe £ kY QB e diknoa
i deschiidlededs idwcamealt 5P thriee t83es the thickness

eo of the haldsd NhwiHSide tdhasddfivtednPA hdFely by
The hairspring of the regul ating device of the
i PN OfoBXed By cdiY W%%g’d@eofcls%ﬁﬁlc%rﬁpﬁr&tr%ﬁq iR e

f plariseat etkiiln earirouhenaws, Hhort exadyd ecdarsidigs tden be made

ntartiq:%%utd %Soclrnigb %deyioq’lcfI Qc%ueneaqrttb :L%P oof 7t%12e 6i3 r15Vention . 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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The present invention is described above purely by
way of exanple. It will be clearly apparent to the
person skilled in the art that nodifications can be
made 20 w t hout goi ng beyond tlge anbit of the
invention. In particular, although it is preferable
for the stiffened portion to be forned by increasing
t e atrRisckness of the strip formng the hairspring in
t he p ane of the hairspring, it is possible in a

vari anregligtdnsaseviite cIEigng ¢f hanenag i pl)iand @
E:atn'é' GtkNesHrand he) Stﬂdrp a RemReplicdd afdverten hethe plane
p

ne of the i rspring) r al der s
AR ios Dt HERHACEE ot (s b Hemuet Do e
[ mméésmédb)poartrleirat (i8)elar deaarqgel armwa'use rthor diwfdmmations

o%tfal S urn%esc% %%hl A asbéa%ttloaltlﬁgt ane %}T%qﬂf 30 in the

case O a varyil ng 1 ness I n
haiheg@mctey.izes dnotthert e amacis h héoeﬂrwmea:,st@ﬁmlnal

t lﬂ)%rstt ro'r)D o'fn tthrée Rltane Qfrd h@ ha&lr{cﬁmﬂ@ﬁeﬁﬂg—&p@—one turn
said strip could be varied. 18 CLAIMS 1. A

r é§3| &f r\:@edé\ﬁlcé-”@&r&r?&l &g % I qugh difer sald last-
ploarte ol st N®)( Do freimadid | TR eE JDMENERH ing he

R 8 S o 1S g (e (7
dekﬁﬂﬁm@omﬂingﬁsdﬂuianﬂﬂuiﬂy)ﬂnaEhﬁnM&xﬂmumI@ngle of
C%Ct%r{tfdnc’of Gha %Catlearﬂ edg‘ r{‘aéaf&‘%noip 49, (d)

bet'ween a term nal he "out er urn (7) and
the | ast- but one turn (9) of the hairspring (2) is

| 3, g %ﬂ%tﬁq{g Sfé\ﬁldeﬂsatcc]&&htﬂg oNe d 1 (P) to
remain free radially during expansions of the

h&eSHG bRy 34 dﬁltf&laatrrﬁlh% G&Pé%lm%r%r&lforfaf ngetation of
Sltbfet ajmlaaddey t10 tihe gmd movangle of sTodtipn ods ttiean

3G$nég &%z n sai.d novenent. 15 2. A regul ating
Q% claim1l1l, characterized in that
t he nBX|nun1angIe of rotation of t he balance (1) in

Sas' dAm}V?{%}Lrgt % G Yad ”tot%’f M‘OF‘% %laim 2,
/& atin eVIC ccor ngtoc almjl
raﬁqﬁez*lzetdwa;rracttf@rﬁ Zetk TR AN 1310 ke ure el @ of

Oﬁﬂﬁﬁﬁﬁgléﬂbéﬁ( 1) in said movement is substantially equal
to 330°.

4., A regulating device according to any one of claims 1
to 3, 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.

5. A regulating device according to any one of claims 1
to 4, characterized in that the stiffened portion (8) 1is

a portion of strip of thickness (e) in the plane of the
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the bal ance (1) in said novenent is substantially

equal to 330. 25 4. A regulating device according to
any one of claims 1 to 3, characterized in that the
spacing (d) between the ternkgal portion of the outer
turn (7) and the |ast-but- one turn (9) of the
hairspring (2) is Iarge enough for said |ast-but-one
tyr r.adi al.l i expangico

of el A (AT e e MRl e 52&%%”:?"2‘0%5. S
sqﬁg\ﬁaﬁ@eeﬂ |0;f ttdet ﬁémpocfmrmgrw@f@ dfaitneer g ade-
(1) in said novenent. 5. A regulating device according
tg any one _of claims 1 35 to 4, characterized in that
t Re étlrfefgé‘llré’&lﬁ@r ldie(YrJrc(eS)aq@réhﬁ&ttloor?J&f”%ﬁ'l p of
tbh@kﬁ@&@r(ﬁ)edl At Itelam anme thltdmle@s had )r sipt 14 (p’ZJ)ane of

KR, By B Ang Tné mares S 475 p@]ft%%ﬁﬁat Taghes
d@viecre taec emdiimg tl@rrgt'h mi5, tHe csrtaﬁ%ﬁHrad zexrtion hel) as a
t % tv%' Cl& ?ene?ldu%ut&% %nOfan& 'befé?ér{'ﬁé;ré{ QIgir(ﬁaum

e sti ortion vari es ‘over t entire

Iéhl@lsﬁa@ftltaHéYsteiqﬁiﬁéné@ it Besss @) cohvékeangmainder

Cofft |t'Pl'é0lé9£rf1lﬁnn%tt| AU ANGPIBSRNSE & HE @Hﬂ-ﬂiened portlon (8)
subst ant| aI al to the th| ckness (eO) of

UST St i9F SR She- kb Eifdst *Ufc}ifr?ess (&) of
sttihfef emlmdm @t (e =v1d@ beidainddial tdwo giredd er
than the thickness (e0) of the remainder of the strip
between said two ends. 7. A regul ating device
adcoAdiregutle télrgl med,icks aclvarratitrar itzed:Jiarth Hat the

tl&'h%?%ﬁ:g;%r(l@ed N I'fgla?! e Q:f 1&1&‘?92!'?'{ rpgck‘pé ﬁﬂfne of

st ortion substanti al Iy COﬂSt ant™ over

tﬁ@eerﬁ‘tailrréplréﬁ’@ t@foftfseau%rlfsﬂqrfqdemtﬁdm d¢h' X8ty . 20

su&sft%gllth@tlll@g AR e AR I tHE tehtCld Mdhgth of said
char erized in that ,1 he thickness (e) in the plane

@nﬁ PSS (D) Jof the stiffened portion (8" ')

is substantial ly constant over the entire length of

R Ll

( hadecrteasasd d@httlhﬂrod'é,‘l%/ &fm/vé*rrt@s heelends flel)pbdne of

sahd $fdiffgNnedy (2) of the stiffened portion (8''') is
substantially constant over the entire length of said
stiffened portion (8''') except in terminal portions (13)
where, respectively, the thickness (e) decreases
continuously towards the ends (14) of said stiffened

portion (8''').

9. A regulating device according to any one of claims 5
to 8, characterized 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).

10. A regulating device according to any one of claims 5

to 9, characterized in that the height of the hairspring
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portion (8 "' ' ). 9. Aregulating device according to
any one of clains 5 30 to 8, characterized in that

the extra thickness defined by the stiffened portion

(8) relative to the remainder ,¢f the stripis

situated exclusively on the outer side of the outer

turn (7). 35 10. A regqgulating device according to any
one of . clai to 9, .characteri.zed in .that, t

helisgﬁtu bésftatnhr%aaallyr s(,:ﬁrnlsﬁcgahj%oaolvseergu%jset aén ia ylec s}% an said
over risiperievat.i re | ength of said hairspring. 11. A tinme

pi ece novenent including a regulating device 5
according to any one of clains 1 to 10. 12. Atinme ,
pi'ldce? $GER & SgFandrtenanic|ing gl iy eifgitlating device
ageoHded @ Lladiynchle o0 ki mMetdrwd of designing a
regul ati ng device having a balance (1) and a pl ane

hai rspring (2) for a tinme piece novenent, in which
matzhod & isdd ffiered pEardh as (B)watsch priove detling 4 heovement
oyt turn, (.7 f. pl ane hairspring (2) so as to
cgﬁgémi ¢ e of%ﬁf%gﬁg'of the turns to be 15
substantially concentric, the nethod being

Char agl efdRfl di dddlgrd RpPaci g Bt %y ASe gyagﬁgg a

between a termnal portion of the outer turn (7)

t helirgse Hdt)- e turh-ane)hagr set ai r&hridiy § YImedriece
tsﬂﬂﬁ;ieﬂ%r(tCD ibﬁimdr?rmhzﬁwggtﬂl‘?ﬂem tbdBstobuts pnes

urn (. or I N ree ra a ur i expansi ons.
e ed A HTR BLISS AR 00 i D R AR AR ng
sulst ant iead Ity taaudee tiexidaMmrrenglenofof otled i ormd tdhiebe
b )i ' ment t ' .
t ?uﬁé&%é%ﬂl@h%ndcémvﬁ@n.thél"}netﬁlcg% ﬂ@]%(?cgﬁéfj%é@erlzed

. aracteriZed in that 25 in order t .
dégi ghathe e ik (Sprih@(sH Rieniderk ketweemey terminal

PYdAtaRH &9 .tHh &t QWA 81 ERM A Ehe PRASOIB®E one turn
deflnkgg a plane hairspring of constant strlg _

t Nk s Sh3daFstRA MG iy 1 P IFhERRE of ds Y aber9e
hainspt MBr .sdlet aras g omortuen of) the odthern t firde
0@5%¥éily during expansions of the hairspring (2) up to
amplitudes corresponding substantially to the maximum

angle of rotation of the balance (1) in said movement.

14. A method according to claim 13, 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.
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pl ane hairspring having the sane unbal ance as the

pl ane hairspring; and 35 . stiffening said outer turn
portion. 21 15. A nethod according to claim 14,
characterized in that the stepg of stiffening the
outer turn portion consists in increasing its
thickness (e) in the plane of the hairspring (2). 5

1@-5 A”ﬁm%'%%%da%%%r % %oc'cﬂ'a{[‘ane C@{a%céce{é%%jed rlmh that

at in or esign the alrsprlng

t ﬁee sttietf eded tidifiengmy dhe (e ol GRA rntgvrsﬁletps nsists in

P&nleLrRd ng qe;fsl &Ih&ek%e@sa% hai sid ) LHle ONstrant
strip 10Q Section; etern1n|ng t he unbal ance of said

pPaf&SPRANGsdding:  determining a portion of the outer
turn of said plane hai rspri ng having the sane

tREt B BRneed CorPe Aha Sl ae bl TR AT SR gt that

t ha stodep t@rdaa}gmhehmwp&gmelhyﬂnapMﬂng cﬁmzﬂmﬁnaﬁme

a%qi. %?e‘ﬁ%%l ?Jo%l%lﬁc;h(Bt Iﬂ]atth(»e1 f%lfltovﬁ Vg%formed
ortlon 0

hé angul ar ‘ext ent saléug
20 out er dﬁfrlﬁll%@ tHigclen dssl 1A HG T s P Ay S ERLP
ageerdance W th a predeterm ned function f presenting
a n1n|nun1substant|ally equal to the t hi ess (e0)
of the  PFPERETUEITS Hhre %jjfégla(ﬂ and
62aitherfiwrgti on f and the angles 61 and 62 bei ng

sel ected t hat . 25 the efor n of he turn
portion gé%l SRS 5 & A g? turn of said

it
suﬁsm&nmmmﬂapnﬂngshﬂwingsHH&asahﬁ(unhﬂlanceMHsﬁtwwnpkhne

0 r.d i£kness of the strip between the
% % pgfkgﬁd , .and between the angles (32 and 62

mere theW@ﬁﬁ%%%*ﬁﬁaﬂhﬁcﬁqﬁ?%ehﬁwnderQﬁetﬁk?@ﬁ)Of the
hallarﬁergﬂaglgan%ﬂ fundaetnveen ﬂd’]ﬁn:@ﬂﬁ'tﬁﬁa Fhalahsbﬁﬁng thetween

SLIESs O he outer (lrp vere Caul 103 ana s, > f

r eﬂmr@dﬂz of Bt hies stthe pan(jﬂlaJA aet drod @f cositkdl ngotbion of the

Clo%ltrgrl%ur%h,ar %Ct ecrl Z?(nelsns tblr]eaj?ng caused to vary in
accordance with a predetermined function f presenting a
minimum substantially equal to the thickness (e,) of the
remainder of the strip at the angles §, and §,, the
function f and the angles &, and &, being selected so that
the deformation of the turn portion delimited by the
angles &, and 0, is substantially the same as the
deformation which would occur if the thickness of the
strip between the angles 0§, and B, and between the angles
B, and &, were the same as that of the remainder of the
hairspring and if, between the angles (3, and f3,, the
stiffness of the outer turn were equal to a predetermined

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

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

sald predetermined wvalue is infinite.
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35 said predetermined value is infinite. 22 18. A

nmet hod according to claim 16 or claim 17,
characterized in that the predeterm ned function f is
convex and continuous. 5 19. Asnethod according to any
one of clains 13 to 18, <characterized in that in
order to determ ne a spacing (d) that is sufficient

gwe%n Q%o%b c%%'dl tt' 03)1% n}tﬁ% QUL sty ( 7)
Gt=6ne Ilomnn st'eps
apeampltermrzteed 1n1¢hadteft4hm vy egl eftiers sl rﬁur(qfql)ororf is

IE%HQ@QI%Edaéb%tlg@g%bng t hrough the outer end (Po) of
an initial plane hairspring having a stiffened

portion (8), the first point (Pl) being situated

Ee}aon@ Enléth@STa-d@ld)trdQ@@ ttld{J@ir@/f orgAidYE idlidimd 19 afbé 1d8
ailrspri n n Sal ast ut.-on u I S expande

pha Bt BIE 38 thato i Riietn b, ek e AR g (@

r ahatti ds efufiflie lealtahetweetefihe rigeranisedonbpuiant (PAhe

o] rotyr r.cqQn ti t i rsit
22ukas el (L Ring, il YEVMREINE e 08, A

t &rddnniialg tsd;emeamﬁ dmplzmenyiad:at t he second poi nt

(P2); d%lfe|f|3.|nﬂ.glga al fﬁlrr@,tpgadltnt( R3),)0Bnt RBCIrhadLAr -ahG
(18) hetween the first an second points (P11 P2)1 the

t RRSE1p6 FErOBY B&ien§Uifdh aisht ( I'fOPieolfeﬁEjt AnéftigHeplane
segmerpriel he iy (éU|sEtf1f&Tdhe(c'ﬂ-@or€ieLdrm teed, mhd heirst

d, 25 third P3) i th
TERQTR 01 B IH, £ B eFbin ERgRaNE P18 ShaP e ERa by OF
theléea@ndlpdlmﬂan@Pﬁﬁxmupnﬂng|whdnzﬁaiﬁnkasuﬂhhq+ane turn
f & %Fﬂe
8| anle%@{(l):{‘]:l %prb| rs ?dl 4 t\éjlét]%e&clfr u ars‘ﬁ%c (1‘!81’§e max mim
bémngdén Otfhe‘0§é’¢etm§1 a&fd tthha r13Mgsoi nts (P2. P3) that
is identigedidiag he %d}lﬁ"%ﬁﬁrﬁf (t]_*]@ onNithiedlouttdhN turn;

segnent ((19), the resulting turn segnent bet ween t he
second aﬁ&ltteﬁ"cr"&m&ﬁtnﬁf@ (P BHSA iSRRI PHnts (Pry
cer, b ebied befﬁnmalr a@btl (08)ofthhe ieuttahglewtial3fc2@heAouter
ne;hod %egg{dln clalm %&b&characterlzed in that

t he"§eéon poin |s Si ted at the end of the 23
- defining a thlrd point (P3;) on the circular arc

(18) between the first and second points (P,, 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 (P,) 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 (P,, P;) constituting

a corrected terminal portion of the outer turn.

20. A method according to claim 19, characterized in that

the second point (P,) is situated at the end of the
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stiffened portion that is further fromthe outer end

of the hairspring. 21. A nethod according to any one
of claims 13 to 18, 5 characterized in that in order
to determine a spacing that isssufficient between the
termnal portion of the outer turn (7') and the

| ast -but-one turn (9'), the followng steps are

i npl. nt ed: ef i ning.a .point_.on t outer turn in

R TG s e Do o SR o n's kb end of
pahte dvaigfspirieachai rspring extending from said point
radially outwards by giving the inner side of said

term nal portion a circularly-arcuate shape the

cert-e® &tk irIPnHa Yo @ile ntera iy M5 ot 18,
t %ta_ti@dt%ﬁ*i'z% 8_<Ltraﬂ t:khﬁ: G erc@drdtachfdeg@,llanitrﬁ:{ N Nbacing
portion a shape that gives sai erm nal_portion a

t fif@ndss Sur titd S5 ke feah & i Tttt tBpgit e of the
| dentdrcalurtno (he tdnd komes sl aoft tHhes -cote espand{Nny , the
indtial . termnal port.iaon of the outer turn; and 20
cglr?r%el(?twilr%; tﬁqeee Serar%enamppoeﬂelnotnedvﬁ th the remai nder of

t he sti-f fCefedipar téd @eint rcoahrectuter portn om t e

f(ggﬁ;fgnggygg%??ggﬁ (11). 22. A nethod of naking a

regul atin e having a 25 bal ance and a pl ane .

hai r spri mgfff%ﬁttalrtq 8| (R A e AR 1O oS 151§ i TePTing
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shape the center of which is the geometrical center (O)
0of the hairspring and the outer side of said terminal
portion a shape that gives said terminal portiocn 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).

22. A method of making a regulating device having a
balance and a plane hairspring for a time piece movement,
consisting in designing the regulating device in
accordance with the method as defined in any one of
claims 13 to 21, and then fabricating said regulating

device.



