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-1- MOBILE M CROVECHANI CAL ELEMENT W TH SHOCK
CONTROLLED ROTATI ON FI ELD OF THE | NVENTI ON The present
i nvention concerns a nobile mcromechani cal el enment,
and particularly a wheel or a pinion, whose rotation
is controll ed by shocks on teeth arranged at the

peri phery thereof. The invention wll be nore
specifically illustrated by an, escape wheel of a
sprung bal ance regul ating syst%m for a nechani cal

ti mepi ece novenent. 5 BACKGROUND OF THE I NVENTION In a
known nmanner, the escapenent of a nechanical ti mepi ece
m)verrent, V\/net her it be a Swiss _or coaX| al leve

eMOBH &M JEGHANMGA L ELEMENT WITHSHOGK G TROLLED ROTATION
assort ment of parts, incl udi ng an escape wheel whose

regul arly spaced teeth absorb the 10 shock of the

pal | et stones, genera f he shape of

this wheel, shown in LJﬁXBW?ﬁEIHQE%@LI cally never

chang ses a central rigid zone 2 v

i aflie, fkedeF SYETTRD G eI 2o MBI PR TReEaRES) Sfgfifpnt, and
f particdarly2x whex! ode ginidnt, ivhbsetokatiBn isactahtrolipeiteyr sklobks cbroteeth arranged
a S. ; t

58P Berdient elisd Phedfudnfl oy HIofk oo it an escape
t Wieedl oba hprung palam:ecr@galatufgﬁysfemfor atmechagjcal timepiege mewement.
and 15 reduci ng wear. Swi ss Patent No. CH 230 743 and
German Patent No. DE 1 192 984 disclose for exanple

enbodi nents wherein the teeth conprise notches for

formng oil reserBAfFKGR OW%@EJﬂ)EtWVﬁN@@uffl ci ent

nmechani cal resistance, the rraterl %g"?

manuf dEt%ﬁ“Hﬂ"éﬂ%ﬂF%s@&p@%ﬂ%@?‘%‘ Plsa PE’Q‘I fimepipeR, rovement,

awlﬂfh? it Bé a6$\h16$/ or &'diumh | (6v@F eﬁtﬁ'pe b&hﬁwﬁ‘s d mloRd biyless complex
excl yde t of the teeth bei

S ShHEr 55 5 Bled 35 et MR oS FSRESS Bt Botn aboor ne
[ m:x:leaoseté pdllebistones geheally amds iof invey. Theé ahapd of #hisl wleeet, shown in
tII-:llgurer? has praé{ ically nev(g? c-ﬁyr%édww;;gs\les a central rigid zone 2, provided

with an aperture 4 for driving onte an arbour; a rigid felloe 12 provided with teeth 8, and

generally four arms 6, which are also rigid, which form a rigid part. Improvements have
related to the number or shape of the teeth in particular for facilitating lubrication and
reducing wear. Swiss Patent No. CH 230 743 and German Patent No. DE 1 192 984
disclose for example embodiments wherein the teeth comprise notches for forming oil

reservoirs.

In order to have sufficient mechanical resistance, the material used for
manufacturing such escape wheels is practically always a metal or alloy. This does not
however totally exclude the risk of the teeth being damaged in the event of too violent
shocks. This risk is further increased if a more shock sensitive material replaces the
metal.

SUMMARY OF THE INVENTION

It is thus an object of the present invention to overcome the drawbacks of the
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25 It is thus an object of the present invention to
overcone the drawbacks of the -2- prior art by

provi ding a nobil e el enent whose rotation is
control |l ed by shocks on the teeth devised such that
they are not damaged by sai d shocks. The invention
therefore concerns a nobile elenment of this type
conprising a central zone of_iigid material, and arns
extending radially fromthe central zone towards 5 a
peri pheral zone conprising teeth, the arns being
flexible to allow a slight tangential and/or radia

BHGE BRIy Sovitiing 4 RRblle bRMRINH fhodd rattANiR BRPSIE dy&ocks on the

coul d damage said teeth. The i1nvention is

dReth devised g‘é’@' thaf theyare Ppidagpaged by said sheel$- and bend

gradually. towards an orientation tangential to the L

Dot at 110F BYSTHRR BHRIBIofe SaTEHim e, mohile imeRte thisvER reawrising 2
afentralezone 106 rigle Cricterit Sang raashe @kdeyidifg fadidilyT@dhl the dehtrdl ¥9he towards

t d f the arns form, 10 the teeth.. Accqrding to .
L Bl 2hnt SemRieTa foaty the St Bein Texlbe 5 Sl islohf tangentia
rapidéor iradialohowmenht ofithiei tbethéh erdento absxely shbdkg that cduld damage said

n ! t e in the opposjte
JEARC g FRBAISI R cngleRrBb i BEX ot At Frechored] b amrd grecualy
dowardatan atientation @ngential émdheofotefion af the, mobite teteptamt, ibSthat the

; I Q0 [

IGRERr 1 oS dbieiced @iy BB TiaR g et BB B 1 arms fom
deetegby ture for driving in an arbour allowing the
mobile element to rotate. This rotation can also be
achi ef¢aordiag g adirsj gmdodiment drendrmpg hendiim thectineetion of rotgtien of said
ZRdHie eldmdnpe foll ow ng detail ed description, the
"mobile element” wll be nore particularly 20

i |l ustacedreiighy o Ss2oRs empedivRat [thd brrid Befd nURE dpRbsMaCrection to

eRhor AT Y She@ekl tAmeSnutaee pftha b 6 aHES he teoth

gemberdlin Yre diractionef ratation. of BEH RlobPESERIERT ! ON OF THE
DRAW NGS 25 Or her features and advantages of the

pr eseithe icentsaitrigithpavt pteferpplg aomiprisss ameperture for driving in an arbour
allowing the mobile element to rotate. This rotation can also be achieved using pivots
integral with the central rigid zone.

In the following detailed description, the “mobile element” will be more particularly
illustrated by the escape wheel of the sprung balance regulating system of a mechanical
timepiece movement wherein the teeth undergo the shocks of pallet stones generally
made of ruby.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will appear from the
following description of example embodiments of an escape wheel given by way of non-
limiting illustration, with reference to the annexed drawings, in which:

- Figure 1 is a perspective diagram of a coaxial lever escapement of the prior art;

- Figure 2 is a top view of the escape wheel of Figure 1;
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foll owi ng description of exanple enbodi nents of an
escape wheel given by way of non- |imting
illustration, with reference to the annexed draw ngs,
in which: - Figure 1 is a perspective diagramof a
coaxi al |ever escapenent of the prior art; - Figure 2
is atop view of the escape wheel of Figure 1; -3-
Figure 3 shows a first enbodi nent of an escape whee
according to the present invenfion; - Figure 4 shows
a second enbodi nent; and - Figures 5 and 6 are
schemati ¢ di agrans of an escape wheel according to the

A AR M R e

pin¥iIan, i nvention will be nore specifically

iIIustrat ed by a coaxial |ever escapenent wherein the
t eet h dfioyrRéd Wﬁﬁéeﬁﬂ&?mlﬁﬁm?@oﬁi"ne pal | et - stone
shocks._ 10 This t%%e of es enment i s known fromt

prior drUPSP Adfpiecsihe ‘E Jagtams, pf aﬂ\ﬁ“@i#’“‘?@'@"cﬁ?‘i""g to the
| present @iventiori integrited in@aIn@sCdiniemd methartisne.h are al so
described in the work by G Daniels entitled "La

Montre: Principes et Methodes de Fabrication", pages

249- 252, editions Scriptar S. A, La Conversion,

Lausanne, 1993DETAHEMMPESUBIPTIGNIOFHEINVENTION r at ed

in Figures 1 and 2. 15 Described briefly, this
mechanthenpesapl invention willrka mose specifigadie | illustraied by a coaxial lever

SELAPEmeRSARASN ‘MéelSéth Jo*theaéséé’pé:@i\ée@%&é? fh@FBéIII&estone shocks.

pi ni on, nount ed on the sane arbour . two escape

wheel st §p8 RF HE&%eﬁ'@nﬂQ‘kho@ﬁ 8 thé‘ ﬁgﬁ@m{ foP exaﬁsie tf#a,ﬁvsp Patent
possess_t he sane nunber of teet ? |rst e

whee? 181796 entimeravraisat %%thﬁrppﬁraé'eﬂé’ which zre %‘? sscribed in the
SWeimepyos. BafieRVattiedal MShMré‘fSDHn%lp@é eememeﬁabnbﬂlon" pages

d 20 I
L PR BB SR §- iSO e{or L ausau e TGih T B mroysgs version
nesllusitgted Wi Fijur@s 1iandeX, medi at e wheel 17, which has the

advant age of reducing the hei ght of the mechani sm
The t dbdseribed brinfly lifisohedhbrisinadcaprisescafitst escape wheg Ul a@ a second

pés%a%él waﬁeel 111 de!lsroegatlled the impulse pinion, mounted on the same arbour 3. The
two escape wheels are secured to each other in rotation and they possess the same
number of teeth. The first escape wheel 1 has the shape shown in Figure 2, i.e. the
shape of a conventional Swiss lever escape wheel. In this improved version of the
coaxial escapement, the impulse pinion 11 also acts as escape pinion 15 by meshing
with an intermediate wheel 17, which has the advantage of reducing the height of the
mechanism. The table roller 19 of the balance carries an impulse pin 21 and a direct
impulse paliet stone 23 arranged for cooperating with the teeth 8 of the first escape
wheel 1. The pallet stones 25, whose fork 27 cooperates with impulse pin 21, comprise
an indirect impulse pallet 24 which cooperates with the teeth 13 of the second escape
wheel 11 and two, respectively entry and exit, pallet stones 26, 28, which cooperate with
the teeth 8 of the first escape wheel 1. The construction of this type of coaxial
escapement demands restricted tolerances, such that this escapement is especially
reserved for top of the range timepieces.
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i mpul se pallet stone 23 arranged for cooperating with
the teeth 8 of the first escape wheel 1. The pall et
stones 25, whose fork 27 cooperates with inmpul se pin
21, conprise 25 an indirect inpulse pallet 24 which
cooperates with the teeth 13 of the second escape
wheel 11 and two, respectively entry and exit, pallet
stones 26, 28, which cooperatg with the teeth 8 of
the first escape wheel 1. The construction of this
type of coaxial escapenent demands restricted

tol erances, such that this escapement is especially

reser\(@dmof'rﬁél bRatidn tm\eenrfﬁﬁgl%bfe' FEﬂE‘r‘ ?Q% bel dtv‘én clockwise, as
nor mal %[jaeratlon when the table rol

depreasnted Beibgiagow 'aE'grueepﬁ degkingascwy mw@trapal&mﬁn

Fi gur@v OCkéJ gr %ns on entry pallet 26. Wen the

t abl e VFiN e teejeitallesciohig keing, dven Anti-qackwiegi g repfgsented by the

raerpwaa ﬂuwei sbmlclltuhf o%cgﬁ'sf Gfé\ﬂhehﬂl fHlEe2éand © ek P8 s8&Fthabthe direct
pa e n

seen at the )
HRpUSE poi2aHess i iR 19 qpa doul %, F o A sctes yhes! 1, whioh
trmanla thgat dﬁls esmapemestthasdc be eondtraeted Withwhnygirecisedin®nsibeg.
this escapenment has to be constructed with very
pr eci Jbe diresamt iimiestionT iseinpoeatizatini thatethei teethi Bave certain radial and

It ﬁél Iﬂg bl St)ré%tt? B?gblgﬁc?ggscp@¥ﬁocﬁ§r tain radial and

tangenti a SO as to be able to absorb

shockgigurd guécﬁ"re% Sr‘R:fs fgsmgr%%ab@ f\f&%@l ¢ SRR M’hﬁﬁureg’ 5 and 6, for

shown |n Fi gures expl arni n
Syepininadhe ewefat'%%fﬂ qpexiakessararaert, ar@rﬁmoyh @\ﬂsst@nﬂ)pdment
enbodi nent. As can be seen, arms 6 are curved and bent

gr aduI PNt RRPRS AMEhGEncuned apdihent gradyally fawerdrea tangential
dmérﬂﬁlionol’h e diRkadr 6frolftioh Bﬁtﬁ@lhbﬂn% AbRERNArmA\E e Felatively thin

505 Bt S et o e S ot rve
H‘&lkoe metrf_l_&ldeb'fg, fotraed b¥ &wdaendsgoﬁ@mgest me w@ng@@s aCflloe has the
e absence 0 a a €
Byl DR P e eessii P perulne, Brigearigonty o the other
iamie pe demt B yarenot sienpht drisntated rediallfdikarthe afmsioe thegprior art, they
ﬁb\?ﬂh&ﬁ%é Slﬁtg%? S?%Jlﬁgg%o?‘gl %duﬁlfyta%dghn%gﬁtﬁ]agghng&gtg{}% R\relo%ﬁguration
Pfat!ieaarm vehich Tvalmyeawulrul thg whebl, ewaes the aenscean b longern fona given

qfhe;]hﬁarﬁét whi ch "wi nd" around the wheel, neans the
arms can be |onger for a given

It can also be seen that the ends 8 of the arms end in a flat portion. This flat
portion is provided for cooperating with the pallet stones 23, 26, and 28 like the flank of
the teeth of the escape wheel of the prior art shown in Figure 2. The elasticity of arms 6
is provided for absorbing the shocks caused by collisions between teeth 8 and the pallet
stones. Indeed, these shocks cause considerable stress and could break an arm made
of brittle material.

According to the present invention, the curvature of arms 6 is progressive so as
to distribute the stress caused by a shock over the entire length of the arms. Moreover, it
can also be seen in Figure 3 that the thickness of the arms decreases gradually towards
the end thereof. Indeed, it will be understood that, in the configuration shown, the shear
stress is greater at the start of the arms than at the end thersof. In such conditions, the



wheel dianmeter. 20 It can also be seen that the ends 8

of the arnms end in a flat portion. This flat portion

is provided for cooperating with the pallet stones 23,

26, and 28 like the flank of the teeth of the escape

wheel of the prior art shown in Figure 2. The

elasticity of arnms 6 is provided for absorbing the

shocks caused by col li sions begmeen teeth 8 and the

pall et stones. Indeed, these Shocks cause

consi derabl e stress and could break an arm made 25 of

brittle material. According to the present invention,

t@%d&éﬂtNﬁﬁrH? f He Me@odcﬁe@fh%%ﬁﬁ%u&@rysr@qﬁ?emér@s of flexibility and

distribute The stress caused by a shock over the

e$fanglh- | engt h of the arns. Mbreover, it can also be

seen in ure hat the thickness of the ns

docr cdBdhe diaiois shpwhoReiRas WHERLT SREPUHRS GO AT aR the same

| huriibdrlof etimdeis sviest thétahe nuMbértf afps bhgteeti ¢ould be different than
Sshomp the shear 30 stress is greater at the start of

arns than at the end thereof. In such conditions,

f:gﬁt r gFng'F %j‘loyvgéaﬂ%epogh@ foglﬁ'n%]!e'l Cﬁﬁ-"% ?r%%rlt?l% g?g'ceams embodiment
sihrteaigatms Brf‘wlm@ afmanbthe wheehin tbsoap@smmmctlm to the direction of

glf&f%ﬁt'bh %?fhe% tltar%aﬁst% ?G%piqhéthﬂ etﬁi@%&bogmw (zj-ngfn t&oﬂﬁtsrformed by a

'S evi
ceartien §ef the Eﬂé oban amh avhichds benjlin therlirgetion of rajatinnwof the whesl.
second enbodinent. It differs fromthe precedi ng
10 enrbodi Irdiaures B and it sanalse beGenn thal thr Aentish aperhise f+ qopprises an

té\%ar%@l%ﬁ! tseaw.ﬁgtééatamt Qiashié dtd’ pet b@t@m@& Thit a#rh@bment 5 is
of the wheel. can be seen in this enbodi nent

W%utq#va@aswewheamawa{ 55K th maKo thpoRARTBN 4 material

afhEl hatfHofte flexibigbut isbrite sdéH 8C4hsy) q0drtd stsaicb®n of the
wheel . 10 In Figures 3 and 4 it can al so be seen that

t he Celnb;ﬁrﬂblsaﬂﬁrﬁeéhethék A&BIE cartprisarbulges AMpese bliges are used for
09, & t ai,ned. Thi

I
15 Sanah ol hdeftiokMal S, Biid<el ptichy 1D ro Y R cbeadatbeph,d when the
nedcaperaéntusedhdrisnieik cagseanbizelc areee tite mdieal and epiniah are correctly
t&?e‘htengtf‘ re?é%?:g té legéw: %%{jtrtﬁ/esg lf»‘vo 'part? ra|'et ééc%redstﬂcelgcﬁ%ther by bonding

ass artz or
or any other suitable method. It will be observed that the escape pinion 11 could also

have the features of one of the configurations that have just been described for escape
20 wheel 1.

A mobile element of this type according to the invention can be made in
accordance with techniques known in the field. If the material used is a metal or alloy,
the mobile element could be cut in a plate by stamping, wire spark machining, etc ... or
be shaped by the LIGA technique. If the material used is a fragile material, such as

25 glass, quartz and silicon, the mobile element could be shaped by etching.



It can al so be seen that arnms 6 conprise bul ges 7.
These bul ges are used for 15 angularly positioning
the inmpulse pinion 11 relative to escape wheel 1 when
the escapenent mechanismis assenbl ed. Once the whee
and pinion are correctly orientated relative to each
other, these two parts are secured to each other by
bondlng or any other suitable.nmethod. It will be
observed that the escape pinion 11 could also have
the features of one of the configurations that have
just been described for escape 20 wheel 1. A nobile
el enent of this type according to the invention can be
accordance with techniques known in the
field. e material used is a netal or o
bt | -ol MRle TRl oREChEN Al ekmRerh iose doBjor s agitiged By shocks,

wgidm@ae{] Ieemm h‘igﬁd l?z@ne Qt)c?nd .anas (ebaex&hauagdabmw frém the central
e ni er S
e pLfowatdhcf petiphosel zhauaoudig 1950 (e o HRRELE) heing flexivle to
5 nadloiM g saiaﬂntangermautﬁnldlblere}ﬂmlrmmheh}enebb then tpeth (58) iGLoktéSto absorb
1, ronec I el.ene
Rl i s oAy PR CipBR A ek o HinS Tpiiale gurved and
(Bndagraduailyiowadds axoriantitiog targentdl ity therrotatiom ef the mabile element, in

Ztg?teth{e Wi culn%\é@r E@) i r# Qc{q%ﬁf(‘h%cﬁ@ékt%s %&J iﬂﬂgé]tvqaé Gl J're formed by

ttaﬁgedﬁofetheamﬁ or radi aI moverment of the teeth (8) in
order to absorb shocks liable to danage said teet

10 (8), char ddehie|elerentraccpring: ieclaimmd. clegragterizedyip\tbat @ﬁdarms (6)

e |9"tl?é'b‘ﬁﬂdsﬁe H%BQ% ﬁffé d?lre'cﬁ‘éﬁ &rbfioh éf‘%mﬂo%he bRment, and in
the rotation of the nobile element, in

thekatibe gndof theearmedg). a?ea@em ®y a@etméas@@ d'rsﬁ'eprﬁ 9 reltien of said
tiebilectdrher € forned by the ends of the arns. 10 2.
Mobi | e el ement according to claim 1, characterized in

that tde aﬂdmle(@émerheivéoﬂdmgt mclaﬁposbha?adémmt inanatt the arms (6)
ile elenent, and

lst%%dq'f?]ﬁlecc!& ?Pe"fé atlfongq_fa?s ?eéﬁ'enthe teeth (8) are
bent i . ”mobqle é?gr{\ér% ac%Brd'in%t %t &Igﬂjns ﬁ §a&r%, dﬁggcke‘?lzed in that the

el ement.
central rigid zone (2) is provided with an aperture (4} for the fitting thereof to an arbour.

5. Mobile element according to claim 4, characterized in that the central
aperture (4) includes an arrangement (5) giving said aperture (4) elasticity for fitting the
20 maobile element onto the arbour (3).

6. Mobile element according to any of the preceding claims, characterized in
that said mobile element is made of metal or an alloy and machined in a plate or shaped
by LIGA technology.

7.  Mobile element according to any of claims 1 to 5, characterized in that said
25 mobile element is made of a fragile material such as glass, quartz or silicon and is
shaped by etching.

8.  Mobile element according to any of the preceding claims, characterized in
that it forms the escape wheel (1) of the regulating system of a mechanical timepiece
movement, which may include an impulse pinion (11) mounted coaxially on the escape



3. Mobile elenment according to claim1, characterized
inthat the arns (6) 15 bend in the direction of
rotation of said nobile elenent. 4. Mobile el enent
according to clainms 1, 2 or 3, characterized in that
the central rigid zone (2) is provided with an
aperture (4) for the fitting thereof to an arbour. 5.
Mobi | e el enent according to clqaim4, characterized in
that the central aperture (4) includes an arrangement
(5) giving said aperture (4) elasticity for fitting
the 20 nobile elenent onto the arbour (3). 6. Mbile
ek, according to any of the preceding clains,
characterized in that said nobile elenent is nade of

metal @r avobak leléYne?;ﬂdodMﬁg fReshim'8, eharh&bezedrin Haaerms include

t t
Rurggs g7 Hor SADEnE andiiar oetion ah e pHss %@%%31 s °

o7 ous 0 TiBeds bRy B oalh S0EY by BRUEIAc el tRerets
5 MotEinged ald@tinctuding @b fedisihanet amabogye displapiesaitt Gale:tjailimging a housing, for

G @%Pﬁapﬁﬁh%}%@ gﬁtirée'%g ét%hlzea n%a the ie%{u%n%&&ﬁ%ﬁ?ﬁd movement

tihchegrscancescap whesi (1) amordtmgrt@yny ofdh@ deecading alpiMss e

pi nion (11) nounted coaxially on the escape -7- whee
(1). 9. Mobile elenent according to claimS8,
characterized in that the arns include bulges (7) for
i ndexi ng the angul ar position of the inpulse pinion
(11). 10. Tinepiece including a case closed by a
crystal beneath which there is 5 arranged a di al

i ncludi ng at | east one anal ogue display, said dial
delimting a housing, for a nmechanical novenent,
characterized in that the regul ating system of said
novenent includes an escape wheel (1) according to
any of the preceding clains.



