Case 2486 HI GH PERFORVANCE LEVER ESCAPEMENT The
present invention concerns a high-output escapenent
for a tinepiece including a pallet articulated on a
staff and cooperating with an escapenent wheel set
articul ated on an arbour, this wheel set conprising a
plurality of teeth spaced apart in a regular manner
around sai d wheel set, this pallet conprising an entry
pal l et-stone 5 and an eX|t paIIet stone arranged to
receive altetisd RFO A . oS CAJTR NT

the teeth carried by the wheel set and to be used

subsequently as a | ocking plane for said tooth. An
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Ofthe escapement. The total output of the escapement can be divided into an

Case 2486

escapement wheel-pallet output and a pallet-balance output.
In modern watches, the output of the gear train and the pallet balance output is
more or less optimized. That is however not the case of the escapement wheel-pallet
30 output and working on its improvement corresponds to an increase of the quality of
the running of the watch.
According to the cited document, the improvement of the escapement wheel-
pallet output can be done by increasing the energy which is provided to the balance at
the time of the impulse given to the pallet-stones of the paliet by the teeth of the

35 escapement wheel. The same document shows that this increase in energy is quite
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the running of the watch. According to the cited

docunent, the inprovenent of the escapenent wheel -

pal | et out put can be done by increasing the energy

which is provided to the balance at the tine of the

i npul se given to the pallet-stdhes of the pallet by

the teeth of the 35 escapenment wheel. The sane

document shows that this increase in energy is quite
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The mventlon Wlll now be explained in detail below in connection with a

preferred embodiment given by way of example, this embodiment being illustrated by
the annexed drawings in which:

- Figure 1 is an iflustration of the prior art,

- Figure 2 is a stylised and schematic plan view of the escapement according
to a preferred embodiment of this invention,

- Figure 3 is a diagram showing the angle formed by the instantaneous
direction of the displacement of a tooth of the escapement wheel and by the
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of teeth, in that the entry and exit pallet-stones
cooperate respectively with the first and second
wheel s and in that the peripheral radius of the first
wheel is larger than the peripheral radius of the
second wheel. 30 The inventiom 3|l now be expl ai ned
in detail belowin connection with a preferred
enbodi ment given by way of exanple, this enbodi nent

DSt huahdoS R fboe HoFGRORE oL A B B B g e,
2 forswa radiyddssiiiteranidfre ttmmapembmpmheee\:ndf t ge t

C | e [ ni .
Chio RTRNS b & Bhorad vl SbELIERAH G ¥ dftantaneous
adijeetionophihe sispldoenienttodng doetbusf thl rescapeamerdf whésd and by the
d'nr%@érﬁ&?éﬁﬁgtdlr@&lﬁ 6ﬂﬂegisﬁ>qaccb%n?ﬁﬁﬁﬂeéﬁgﬁalll€r§%e %f‘ﬂwe%allet, that

-3- | nstantaneous t1on of acenent
t Fer twpradjuges) diffarentfenne therescagerpantivéieel.t hat  for two
Ir:adl us @spréffeldeqrepmodirhéringr e @ﬁ:‘é @ﬁ—iﬁﬁtnéc todtﬂé@resent invention
| re am sSsnow n rne
i %M%ﬂéﬁ%%ﬁ%&%ﬁ%ﬁe@?n@he S B iR Griatic Mlan view. It

t outudesfa idilet 2 actzpamehon atsef 3.8k pyllet beoperates with an escapement

o %angeq lrl:%]"tfé%lgt'eﬁ %%tén? %bgﬂr f) hE(f‘C%"Cﬁl?é‘?ch 'f‘gﬁgllatc%ns{iygf the invention,

one of
r & ememeﬂt wheelt seft Mommmr@eesftfetp@wemcqme\meemﬁ and 14 integral

pbﬁﬁ RbhAY SHPeSHRRIudMG. 4 E@m@ﬁﬁﬁ%?‘%ﬁtteéﬁ ‘?Qé;ﬂa'_lc_:ﬂ'ﬁblﬁ? Qesignated 15

th e present Lnvenption “is shown in gure 2

e 889 p&ndrd! et12|@f%ﬁ%?mqn%opaé!ﬁbstam&r S(Prﬁﬁ?"la!!h%l“é\'i'? igeth, 15 of first
| twhelMd aitte 8né eRif phiRit-stbnart b@-@bataqﬁlg dithaesthafd of3secbhé wheel 14.

?\cf%@‘n ggaen(rs) teifphg;agg%§{] I o?&beplpyan 138 p‘fnpkeraFradlus R1 of first
chfaealc’tﬁes lsgércthan thefperipherahtadius, R2 ofrmcesm‘:wpeeieint wheel

set 4 ﬁ Fmdré%ﬁ‘m uré s orbﬂ q Jp%rta&dthyvvh el 13 whose
ohe ot P h sk

i nteg ra and eac

ofeqﬂééﬁhcw@ﬁé@tw%mﬁ getsy @ﬁ&@taﬁorﬁﬁ @mg as thqvalghbta part of the

C%ébleﬂ WiloseNtbEW 1I%aédo%bra$é Q.vﬂﬁ trﬁe &8¢ ;SHPI@f-ﬁbh@G Wwéslé two wheels are
[e:th 15 of f.irst one exi

SOUSE PGP o% RIS 41 rSDEEE LS and 18, These teeth
Atnmim_t; pedirst condpacdtie to ety B10f theistrigle whéeltsee s |ol'|tfer1ﬁriomart Thus, as
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In the configuration shown in Figure 2, the escapement wheel set 4 comprising
wheels 13 a}\d 14, includes 20 pairs of teeth 15 and 16 and the number of pairs of
teeth 15 and 16 embraced by pallet-stones 6 and 7 is four, which corresponds
effectively t6 the fifth of the total number of pairs of testh. In the same manner the
example illustrated in Figure 2 shows three pairs of teeth 15 and 16 on the left of
line 12 and only one pair of teeth on the right of this line, so that the entry pallet-
stone 6 embraces, starting from line 12, at least one pair of teeth more than the exit
pallet-stone 7 embraces, starting from this line.
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form ng pairs conparable to teeth 8 of the single
wheel set 4 of the prior art. Thus, as in the prior
art and according to a preferred enbodi ment of this
invention, for at |east an angular position of the
escapenment wheel set 4, pallet“tones 6 and 7 enbrace
a nunber of pairs of teeth 15 and 16 at | east equa
to a fifth of the total nunber of palrs 25 of teeth
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The trajectory 25 of the teeth of an escapement wheel of large radius R1 made
according to the invention is represented in full line and the same trajectory 21 of the

entry pallet-stone of the pallet is represented in dotted line. Numeral reference 5 still
designates the arbour of the wheel and numeral reference 3 designates the staff of
the pallet. At the point of impact 26 of the tooth with the pallet-stone one finds the
instantaneous direction 27 of the displacement of the tooth which is a tangent to
trajectory 25 of the wheel. At the same point of impact 26, one finds the instantaneous
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wheel s are taken at their periphery and thus include
the ends of the teeth. One will now explain the
reasons of such an inprovenent in connection with
Figures 3 and 4. Figure 3 is a diagramof the angle a
formed by the instantaneous di-rfection of the
di spl acenent of a tooth of the escapenent wheel and by
t he instant aneous 20 direction of the displacement of
the entr et -stone of thﬁealet the tooth being
e
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the t oqrhs s%bCrBaéo‘hfr@ éa’#ﬂ&eﬁéldtirﬁ)coﬁrfe%h&i?ﬁvﬁlﬁ YneZéutq:fanbhﬁone of the

 Relet i RARES09 SapRRsina N8 Sarond Sicaparenl. Hhte haging a radius
t 2 samdiley thpalthattof Hedfitet Weetth is a tangent to

traj ec f I s
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made accord Ing t t he I nvent | on S|nce as
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RE bt e Wnell 57 nitfedPRIGEAG §uBMERatéd the' 151 8L aflet. At the
point of impact 31 of the tooth with the pallet-stone, one finds the instantaneous
direction 32 of the displacement of the tooth which is a tangent to the trajectory 20 of
the wheel. At the same point of impact 31, one finds the instantaneous direction 33 of
the displacement of the exit pallet-stone which is a tangent to the trajectory 30 of the
pallet-stone. These directions 32 and 33 form an angle 1.

The trajectory 34 of the teeth of an escapement wheel of small radius R2
made according to the invention is represented in dotted fines and the same
trajectory 30 of the exit pallet-stone of the pallet is represented in dotted lines.
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di spl acenent of a tooth of the escapenent wheel and by
t he i nstantaneous direction of the displacenent of the
entry pallet-stone of the pallgt is narrowed.

However, one recalls here what has been nentioned in
the preanble of this description, nanely that the
energy provided to the balance is increased if the
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t XLt : St
Zg)%ls'ésb gg@%%déﬁdpﬁ tgrtﬁ% gfl? Pgncor gé attttl? tlﬁtg% tnﬁﬁe rﬁﬁ é’f this tooth
ofleavesithmppaietstonibe traj ectory 20 of the teeth of a
single B%Srﬁéé’sﬁt?fiﬁgtin Fﬁﬁ@ 4 BREgRS Bhﬁn@F'Zoéne fiids [513=59°and B2=42°.
represented 1 n Chai dottedl I ne and the traj ector B
o ThuR &Y Slecteael BRLE FRELRI Wiee! A Sebiisa.FIonEs D fieigle Bjormed by
15 i Rhél mst@ﬂaﬂeoﬂgsdlrembﬁihercﬁ?ﬁamt of &t tobih @temeg;@.aa@anent wheel

0 d0p g dsiAabe s Sction 8f 58 epiacaipert il B SR palletstone of the
| rnaﬁett is3haredwéd eHoweien, vhé het:eitB agdin eiers twihet, wamenentloned in the

PSRRI PELRIBIC it e el bficeg (g, batance =

truaqre@aedrgf the mﬁllet-staeevaeeetlbeSAa tratectgamw [gbi makeg, at the point of
20 | r&a%a with tH ¥8ofh! cﬁ‘iﬁe %é&géu%ﬁﬁnﬁ eé?t@ng@é 588 GinbfPBs BdssHle with the

| Faigsiar o Sail oath s daepasinadhe prgie Thimiest 1he erdy Hansmited t

Thrs Baldhé@@nh@@és@&wcﬁm@re?@ref an Mcdasiigahe o(@ltt of&ﬁe Eb&pement
traj ect f the teet EFOf an _esc

e
a1 PaEes wiBout Bl I WTPRTIAIR dum, P ctyGpalet stone is
r guided éonthedimprovkotent dué itodhe exitdpalieestoaenand tthatjtbe iroragase in output

25 34Qfg BQ%ngéjs{oog% %:gc?'bl%} ﬁtgﬁné)rf the pallet is

represente -6 Nurmeral reference 5

still dewildeaneted that the tﬁtﬁhrandfsepmﬁ wheels 13nanchidrean bgimade in a
r %ﬁrﬁﬂ@ﬁi‘é@e 3s ‘i‘l‘i‘éde@ﬁ‘ ?écﬁﬁo!b&yeaﬁdv?é‘ it. His Elh?leﬁﬁédeehﬂl of\boﬁrgé include a

of the tooth with
P Hestievalicomaaponcias 4 ihehiask OrlerassBHlys agh afecond leval cattesponding
dits fHeawieeer Bf sélldriadius.

30 Finally, it will be noted that to double the escapement wheel as that is
proposed in the present invention will double the moment of inertia of the assembly if
the wheels are made by the conventional techniques (for example by stamping). To
obviate this disadvantage, one can use modern manufacturing technologies. One of
these technologies is called the galvanic growth micro-manufacturing and is described

35 in the acts of the day of study 2003 of the “Société Suisse de chronométrie”. This
method enables a great freedom in the choice of the shape for the part to be
manufactured. The escapement wheel can then be in the form of a radiant star,




tooth which is a tangent to the trajectory 34 of the
wheel . At the sanme point of 5 inpact 35, one finds the
i nstant aneous direction 37 of the displacenent of the
exit pallet-stone which is a tangent to the
trajectory 30 of the pallet-stone. Drections 36 and
37 forman angle 02. It wll be noted also here that
the point of inpact 35 is separated from arbour 5 of

of O Sy lodrbEn GAARINGE |y Meh EARES the ot e méient of nerti
STohctBs WiSads PeielS RsRASLe Aol (PASFIbf EChARARY is the etching
r epehed &:lrgyem thid cas@ @ak icanuise @nicﬁ‘s potrd mteﬁgl_ tolte aﬁlﬂbd)\fvhich allows
an.inpul.se, at the tine en the tip of this toot

I é&%ﬂ?& ?fﬁé" e&gﬁm&p'ﬂg{"&ﬁ%p ”Wig_g'suri ng in Figure 4 the
angles Rl and (32, one finds 131=59and (32=42. Thus
by decreasing radius R2 of wheel 14 (see also Figure
2), the angle (3 forned by 15 the instantaneous
direction of the displacenent of a tooth of the
escapenent wheel and by the instantaneous direction of
the di splacenent of the exit pallet-stone of the
pallet is narrowed. However, one recalls again here
what was nentioned in the preanble of this
description, nanely that the energy provided to the
bal ance is increased if the pallet-stone describes a
trajectory which nakes, at the point of 20 contact
with the tooth of the escapenent wheel, an angle as
smal |l as possible with the trajectory of said tooth.
Thus decreasing the angle (3 causes the energy
transmtted to the balance to increase and therefore,
an increasing the output of the escapenent. It goes

W t hout saying that the inprovenent due to the entry
pall et-stone is added to the inprovenent due to the
exit pallet-stone and that the increase in output 25
has to be understood in a global manner. It will be
noted that the first and second wheels 13 and 14 can
be made in a single piece as nodem technol ogy all ows
it. This single piece will of course include a first

| evel corresponding to the wheel of large radius and a
second | evel corresponding to the wheel of smaller
radius. 30 Finally, it will be noted that to double

t he escapenent wheel as that is proposed in the
present invention will double the nonment of inertia of
the assenbly if the wheels are nade by the
conventional techniques (for exanple by stanping). To
obvi ate thi s di sadvantage, one can use nodern

manuf acturi ng technol ogies. One of these technol ogi es
is called the gal vanic grow h m cro-nmanufacturing and
is described 35 in the acts of the day of study 2003
of the "Societe Suisse de chrononetrie”. This
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nmet hod enables a great freedomin the choice of the
shape for the part to be manufactured. The escapenent
wheel can then be in the formof a radiant star, -7-
t hereby avoi ding the conventional felloe which carries
the teeth. The nonent of inerti®& of the wheel is
t heref ore decreased. Another possible technology is
the etching technology. In this case one can use
S@!E&@E as the material to be etched which allows

of an extrenme |ightness to be made. -8- CLAIMS
1. Escapenent (1) for a tinmepiece conprising a pallet

5 h ' ; !
(2 o2t ACERRAI 20 B i Mo LT Al Mot on
(staff &Ri andurgedpesatinge withransiasgaremenir wheal ysedf (4) easticulated on an
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F%Jé‘fsgﬁﬁ ﬂg{q»ets,?go the irst wheel

radi us (R2) of the second

V\,heel (24) EséhpeEmnamewﬂmgamcoladm ng dharavterized lin that the first and

CE@éﬁﬁtvﬁ{eeﬁeﬁe'rﬁhMﬁ% SH@ ElEEgt and second wheels are
penment according to

cI a| m 13 cﬁarﬁew@mni ae@rdlng ttcmtalm He chanacieriped nethat the entry pallet-
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of th e eXIt pal one sca enment
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to claifai, SEﬂ%?rﬁ%"ite?‘fC?Eddng F’P tcf?éff' b h@"qf?qtgﬂzeﬂn‘ﬂ that the first and

sEee:cmfnd wﬂmecsl 33.(1143 aréﬁf‘)adérb? gmdmctg{%\gml vani ¢ ggoyvt h. 5.
scape nt ~.accordi to.claim1 aracterl] z | t hat .
ThorPrTE EReebiond Setqiart b 9 2racieE] dn ffar ' first ana

esegondgvheels (13, 14) are made by etching.



