10

15

20

25

30

-1- LEVER ESCAPEMENT FOR A TI MEPI ECE The invention
relates to a | ever escapenent for a tinmepiece that
i ncludes an escape wheel set, driven by a gear train,
a balance roller carrying an jnpulse 5 pin and fitted
with a first inpulse pallet 'stone arranged for
cooperating with the teeth of the wheel set and a
| ever articulated on a pivot and fitted with a fork
that cooperates with the inpulse pin, wherein the
| ever is flliEh‘EERME&CA%EMﬁNﬂ ROR e TIMERPEECES one
arranged for cooperating with the teeth carried by the
wheel set and first and second | ocking pallet stones
arranged for cooperating with the teeth 10 carried by
ghe 'I}Mw&iveaﬁ@rg) rélates to/ peleoér es&mmnamm;g)irsahkngemoenlﬁat includes
I scl ose at ent . EP-B-18796 i C ears
ST WaeB 5. GANPRILY 9o el ¢ bales O Castig an impulse
pu'?aa?\oeﬁffé‘d %theg“ﬁgi ﬁ'ﬁﬁ'ﬁl@e p%ll@?%tdﬂéeaﬁ‘ﬁﬁg@@ f986bp&rating with the

can be forned by si ngle whe or two coaxi al whee

tegtbcol the wbe@aaﬂi andqarlevenmmwﬁtedl@w aroivel andifdedwith, a fork that
coéogg a%@S ?Nltlps |lrr'?pvﬁ§é éﬁ'\n S\’/m'er&f'r\ethgq@{/ert |5‘hﬂtfédv\5v?h aqcond impulse

unted T'n a conventi on
paieh s’&rneoarram@cafchmuopa‘ramag dithttbeltestht carsied b)ntﬁe wheel set and

directly b .of t I
firgh BB RSP EIRI PRIStFOES T egiet WhaoRSBling My the teeth
catrﬁeéﬁthé‘am@ s&ei ght wi se, Ceorge Daniels devised a

desi gn which he naned the extra-flat 20 coaxi al

escalqﬁgre r’t?&é‘ndofv‘hb%bﬂlﬁné%tsc |sOSRAOWA PAEES cﬂé‘@oééﬁ 2513 Patent

hi's wo entitled Mont r e: prlnc:lpes et met hodes
NQieEIPfBJﬁBZ%,l winich igiars dhe nepeliGeRrge Daeaiels as inventor. This

g%@éﬁ\reitgﬁgs L g?é]ngm{)%%ﬁneﬂ_tg' e 1149 é%;alg%ld%e%l set can be

ormed of "t WO coaxi escape s secured
fotrneé dgha tstrfgbas whEet of itws tcoaluiaé theetspeecalred teidachtother. However,

l.ocki n al | stones and  an i se pallet stone,
indfiscaoelRert, Sieinesh Sehs 9avesn P 1o Geb it 215G ensape pinion,
wisich Q§tmdL5'FRéJj $%% CoRietiBnailManher 8A %éfﬂ#@buﬁ@p@éﬂﬂ aliesel set, and
with an inmpul se pallet stone arranged on the |ever,

naltstireistly by @nei ofdhe ediedlsmplithsegheel set.

In order to simplify the proposed system and especially to save space
heightwise, George Daniels devised a design which he named the extra-flat
coaxial escapement and which he disclosed in pages 249 to 253 of his work
entitled “La Montre: principes et méthodes de fabrication”, Editions Scriptar S.A.
La Conversion, Lausanne 1993. This design includes a wheel set formed of two
coaxial escape wheels secured to each other. The first wheel cooperates with two
locking pallet stones and an impulse pallet stone, which is arranged on the
balance roller and gives direct impulses thereto. The second wheel cooperates
with an impulse pallet stone arranged on the lever, which gives indirect impulses
to the roller. This second wheel is directly driven via its own teeth by the last
wheel set forming the timepiece gear train. Thus, there is no use here of the
conventional escape pinion mentioned above, which helps to reduce the thickness
of the escape system. Thus, one escape wheel set is given the dual function of

receiving motion from the gear train and contributing to at least one of the
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to the roller. This second wheel is directly driven

viaits own teeth by the last wheel set formng the

ti mepi ece gear train. Thus, there is no use here of

the conventional escape pingpn menti oned above, which

hel ps to reduce the thickness 30 of the escape system

Thus one escape wheel set is given the dual function
receiving notion fromthe gear train and

es%gﬁéfﬂewtfhﬂ%h r% ajf'hé e@%an;%%nﬁa%elg X stérn, 681 ?g%gg an indirect

I ons m only
impotEer Riviction =pd| |’smllftnmcte|ao rthatmhyl cbthw fUnduencathsﬁwtedww this wheel

ny ot her func ion a 0 eel set, .
selodpat Fm 49, rorpEnetiiaReR dhBtH o Ao B B na Rl e this type of
egeapehiant f or thls type of escapenent. 5 1t is an

obj ect of the present invention to further reduce the

si zqt §f ahh6bjeBE SRRKETIESER BNEMIGE to -thﬁepbédifde tfe size of the
achi eved in accordance W th the annexed claiml,

by
essapeMEn: eightwiser Thus apiseb it achieved in weperdeace math H&annexed
oIt By eprReiha, 418 Fer S5ttt 5  HmRpid i Hes only a single
whesienivendinrsictly bgmpegeauparm 10 read| ng the foI | owi ng
detail ed description, given solely by way of
non-Other fealgire xadphdvantadds oeter presert dn\tdrﬁloaxrwvmxmbear upon

drawi ngs, In which: - Fi rellsapl ew o
regdingi b 1ol QHBB SRtaiied SIESCRRRR.cGiRR S ﬁlyehv.Wﬂy o} gon-limiting
e@n%aé eRitR ré@rér?c@foethel aﬁme&ba%a\%@salrm\/ﬁcht he

operat 1 ng phases peculiar to 15 éscapenents of the

type n e e S [ d
e T 57 A e oo fichl eBgriql o theCoresen

inperitem@ndnvent i on. The operati ng phases shown cover

o <TI0 e 2ty PlerE Vs B Tl Re N et ppgd Beuter to
egtabehfints @ﬂ’t}@tymﬁhenﬁorhdfwm theeprteiabnble Bifitisis efesanpticmand which
i ncl udes an esca e wheel ’151 1 20 driven b

thup &lsp 2pRlydo &h %sﬁam%ﬂ%i Plthepresent 'B&?@my”ge %zﬁratmg phases
sHIWBIv&E eVt dHEplete oscillation of the balance roller.

Figure 1 is a plan view of the escape mechanism according to a first
embodiment of the invention. This escapement includes an escape wheel set 1
driven by a gear train 2 and a balance roller 3 (the balance is not shown) carrying
an impulse pin 4. When it is moving, escape wheel set 1 rotates in the direction of

arrow 30, driven by gear train 2, which rotates in the direction of arrow 31.

Roller 3 is fitted with a first impulse pallet stone 5, arranged for cooperating
with the teeth 6 of wheel set 1. The escapement also includes a lever 8,
articulated on a pivot 9 and fitted with a fork 10 that cooperates with impulse pin 4
of roller 3. This lever is fitted with a second impulse pallet stone 11, arranged for
cooperating with the teeth 6 of wheel set 1, and first and second locking pallet
stones 12 and 13, arranged for cooperating with the teeth 6 of wheel set 1. The
fork 10 is fitted with a guard pin 24, which prevents lever 8 from accidentally
tipping. The impuise pin 4 concerned here may be a sapphire or steel part added
to roller 3, as is the case in escapements of the prior art. The present invention is
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an inpulse pin 4. Wen it is noving, escape wheel set
1 rotates in the direction of arrow 30, driven by
gear train 2, which rotates in the direction of arrow
31l. Roller 3 is fitted with first inmpulse pallet
stone 5, arranged for cooperating wth the teeth 6 of
wheel set 1. The escapenent al so includes a | ever 8,
25 articulated on a pivot 9 and fitted with a fork 10

nqtth%w‘é%rpeﬁrn‘ﬂte%std”ﬂi E tgﬁ@;%lf% dt?dd?m‘épf”s:ﬁ@% Iy |n?\Pul-gE' @&1 may be

ever 1S’fIt econ
m@gra}ln@&dtkfeo:rolleconwemm itng mmurﬂ]ed har emfnrra ma‘rt ohae klement that

i aHicLIRn sidpBcerRL SEEUReH 6 ey ok e dt UG ot various

pamr@e%torﬁe%w 110, The antiorKink@Ived! hérel Gthedbtiap alseAbe sPhdll sapphire
24, whi ch events | ever 8 from acci dent a 30

) |y
partsppyity therlast ithigg Ballgli stones 66t ét H&jaﬁaﬁ@fdﬁyelbé and first pallet
stéﬁé’@'sre? iR" rotibF e, H@F t?ﬁd% ihedtah! %fl_ﬂét Fl)lfrgtségm& Rfis type of

in escapenernts rior ar
embwkmemm sirce- He rptaillet is(btvmsermay ibe ir&dgltacb with gheylpgenfor roller
di ment, since the inpulse pin may be integral
reﬁp?ﬁ e roller on vvhi ch it is mounted, or even form
part, of_ an eLerrenf artlcular sh

at
e ASEider heai shows:,{Hies aiksaRt vty R firadiraed in that
wiRge!! it 15h§§‘%33|ﬁ?|e1930abb WREell8 dnavied vadh e hfoshTdiRsRly with gear

may al so be sma hire 5 parts, with the | ast
traiRrZeang anorst smqu@élywth the gear tiaingtegth @y ERisggeaidrain or going

trélhrlgtm Rak{ Qﬁ of g&ﬁ)efé?s %nﬁe in éﬂ}sr\?/b'cﬁ;trr)e orf\?rtﬁe to‘?@e ﬁol?(,ee from the

venti on enbo
b&rrerlde etsbappawrhwl 1stT¢1eegearetya|bé2 illnsgted| heetit tmmmslthel of the
or rol]er ‘?a ctiyve

Ly. [ I I h
s hs' B SRLER o, vl B achol e 3145 conventonai

mBbeRens ehis! folRR wheédl ﬁﬂé@@@l%@ly\/\hﬁ&ethele%@e pisidretdiab does not
6 mesh directly with gear train 2 and nore

exigldnithe PEIONtHIVERtiPRe gear train teeth 20. This gear
train or going trainis in fact all of wheels and
pi niAnesaApement ahihe typeneaighing the peeambplenet this description and

cqiffiha’ QP r80G 1REGhe LT RESALED ot R T2k dor e
afbremehtioezkbivods by @eordeVidarwéls. Figuse dooivibiet presant invention shows
that it is possible to replace the escape wheel of the aforecited document by the
escape wheel of the invention, in a particular configuration, such that it can be
directly driven by gear train 2 at the same time that it fulfils all the escape
functions, i.e. it cooperates with the two impulse pallet stones 5 and 11 and the
two locking pallet stones 12 and 13. It will be clear that the design proposed takes
an extremely small amount of space heightwise and it is economical in terms of
the number of parts involved.

The operation of the escapement according to the invention will now be
explained with reference to Figures 2 to 13. The lever escapement for a timepiece
illustrated in these Figures includes two escape wheels 14 and 15. However, apart
from this difference, the operating principle of this escapement is the same as that
of the present invention. One complete oscillation of roller 3 is illustrated in

Figures 2 to 13 and the various operating phases will be analysed below.
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15 novenent, this fourth wheel neshes directly with
the escape pinion that does not exist in the present

i nvention. An escapenent of the type matching the
preanbl e of this description and conprising only one
escape wheel is illustrated at page 248 of the

af orenenti oned work by George Daniels. Figure 1 of the
present invention shows 20 that it is possible to

repl |ﬂC|9| Lpe f%Bﬁgfvae%katﬂ{%/ rh?')@fd%SﬁM e¢ eﬁﬁﬁlgu atTrRey escape

t he ae\ivhe of "th rn a par
wbeeifseg Ur atlocked satdingdhby the lcrc;kmgmalledilstcarca 19, whichds abytting on
n, 2 at t fils al

tofE 4eor bgs Syt o THE il 2T g JEven b ibuling, 0B bk pin 21,
lmprmsé $eh Radfl r%lleﬁBQfé%SpéwétFé?{eéJthé@nétlyespéc\éqmf@ﬂMOgand entered
all et stones 12 and be clear that the

sPRfachWip cxedtacdin @ tlz% f@nk éFJatSr sribeystarafithamplenking phase of
IOEH%Z’G‘“E#%}‘WT? and it is economcal in terns of the

parts invol ved. The operation of the
{
oo o Eiflraf SADAGIRBIED 3 tptialKE 1! BB A Ind' Ao of arrow 30
carshap avents lfoagi\@thm ke idéreetion lof laisrtow\aBEdTQm pibetimg brings locking
Fi a eels 14 a
pellsh Sloren! 4 o 1He And SR 14atE P et o 4 Faraing fido setiee Bold of that

todth. WH!§|set$1%%%€tpHa%et$f%s%éPE vitfed! Rat 1. Riwil Be ri@)'t&f 8Rb that, in
i nvention. One conplete oscillation of roller is

rotatings religrethas ledFlt@ firsdmpulse pallelstonend te a"rtezﬁ%t the trajectory of
togﬁ%@to‘fﬂgst *}?e?e?%% Aun@%s%%@%%ﬁéjer t gw. -4- In Figure

I'T er |srota i on of arrow 30.

The |ﬁsr98§§q ff’g | pgee\twh%(il §'et P ?{?Qea&gcf ?bgqgta@ﬁgtiﬁgg?lgirecﬁon of

| ocking
arfi®w &0, fadmtewwegeairéltralﬂifﬂemsé |2st whedlag eotalingsn the direction of

R4 ot el 5 By el T e o il of e

laSt WRES! 6PPbéﬂraVM thrpﬂﬁstc‘é%ht&fthtﬂﬁlsf &iking 166th 46 of Rheel 14.
start of the unlocking phase of |ock |ngaépal | et stone

Tagth ¥ ofwheek 14 hasosalghtsin with 3mpylesi palied stene dtsgcargdhto roller
,t ﬂ?er{j'ern?&re'dofhﬂ?fcc%téef’vtﬁ&ewnh. This is a start of impulse phase for

relaunching roller 3.

Figure 5 shows the end of impulse phase. Escape wheel set 1, rotating in
the direction of arrow 30, has brought tooth 50 of wheel 14 into the position shown
in the Figure, i.e. on the point of letting go of impulse pallet stone 5. It will be
observed that, in rotating, roller 3 has continued to drive lever 8 in the direction of
arrow 32, via impulse pin 4, which consequently causes second locking pallet
stone 13 to intersect the trajectory of tooth 49 of first wheel 14, thus preparing for
the first lock.

Figure 6 shows the lock of tooth 49 of first wheel 14 on locking pallet stone
13. Roller 3 continues its rotation in the direction of arrow 30 and impulse pin 4 is
on the point of exiting fork 10.

Figure 7 shows the escapement of the invention in a state of total lock. Via

the effect of draw caused by the torque exerted on escape wheel 1, locking pallet
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causing lever 8 to pivot in the direction of arrow 32.
This pivoting brings locking pallet stone 12 to the
end of tooth 40 of wheel 14 causing it to exit the
hold of that 10 tooth. This is the rel ease phase of
escape wheel set 1. It will Be noted also that, in
rotating, roller 3 has led its first inpulse pallet
stone 5 to intersect the trajectory of tooth 50 of

stérj’\é 55 HM%%'OV&& dfegétg} ?Hto%%ﬁfﬁg‘m?l?étnvg?éeﬁ4 Ay ﬁ?egfé IGZeS of lever

cape whe eased a rotating
8 dSrahunttmg ol bmkmgv (36, Zactﬁranedhlsyng:eraenttrmllerz \mazssébes its

| ast eel is d|re i on 15 ar L
supomReR aialbPbrhp driclion 38 ke 14 isn el b direction
antl fuing back egdly e titecticrsbf ahawl 3RfTHE Phaskanarks, therend of the

this case, tooth 20 is driving tooth 41 of wheel 14.

f'rq’fo‘éP'ﬁ’t'QO ftheueseiilation heingx@ghredp with i npul se pal | et
stone 5 secured to roller 3, then entered into
contfiguret Beshans B. levar 8 insthe saepet sigfationpas deatpapalysed above.

Hérgr hoW%\zéPr}BﬂéP@ felirh r?’& Vm%(q Eéc%pheof% ﬁ{‘v&’ hféglﬁsn@é”@%ulse pin

ul'sé ase. sca
4 tb centea imto arbntaat avith3fark hl&)soblewegﬁt Tthamotsha Es(bartbfofmtmdmik phase of
14 into ﬁhe Eosition shown in the Figure, i.e. on the
esﬁ@PﬁtWhﬂe S&t{ing go of inpulse pallet stone 5. It will

observed t rol.l er has
Do i Bockahar Moire SrTer P swindec s daveb T ferdieetion of

arde@SS&wd)'\f'a Ampidehin LPHSE BRMJ, I SA8HPRN I%Qépgqn the direction of
| ocki ng pa | et 25 stone 13 to intersect the traj ectory

aregw t bt haih 23 pf flgvert 8 imrseibecamer Hataghedpliemmganising pine22 and

£
Io%lhf@goa V\gf:g‘ﬁong 4‘93; tho Cek%llﬂgrlg@?epéas:%l% #{&?\kthg hc}lqgif t&%?Atﬁ zﬁf o%flrst wheel
14 ohhisnses reteaseopladseof iwhedleseti 1ebte|r<e)rtoof |tawﬂlolme Jbted that in

e T b el B ey over
8,tbahterséct! thleatraje®fy ofitotht 48 o‘ifftfﬁ@%bc@iﬁd @saubé aused 18 forming

‘the torque exerted on escape wheel 1, |ocking pallet

escgpeyhnal S@B1h&@3rﬁfe@arméqréheme<bm%§ﬁ 49 of first

wheel 14 and the tail 23 of |ever
In Figure 10 escape wheel set 1 has been released and is rotating in the

direction of arrow 30, actuated by gear train 2, as was explained above. Tooth 48
of second wheel 15 has caught up with impulse pallet stone 11 then entered into

contact therewith. This is again a start of impulse phase for relaunching roller 3.

The end of impulse phase is shown in Figure 11. Escape wheel set 1,
rotating in the direction of arrow 30, has brought tooth 48 of second wheel 15 into
the position illustrated in the Figure, namely on the point of letting go. It will be
observed again that, in rotating in the direction of arrow 33, roller 3 has continued
to drive lever 8, via impulse pin 4, in the direction of arrow 34, which consequently
causes first locking pallet stone 12 to intersect the trajectory of tooth 47 of first
escape wheel 14, thus preparing for the next lock.

Figure 12 shows the hold of tooth 47 of the first wheel 14 on locking pallet
stone 12. Roller 3 continues its rotation in the direction of arrow 33 and impulse
pin 4 is on the point of leaving fork 10.



8 is abutting on banking pin 22. Fromthis nonent,
roller 3 describes its supplenentary arc along the
direction of arrow 30, and then reverses its direction
and turns back along the direction of arrow 33. This
phase marks the end of the 5 tirst vibration of the
oscillation being exam ned. Figure 8 shows a |l ever 8
in the sane situation as that anal ysed above. Here,
ho"‘ﬁ*ﬁ {ire ﬁ@'éh%(/\iéther Sééﬁﬂén‘?&nt' 6‘f frieeindbhsd 103 &Eté‘bf ffal lock.
uses | into contact wt
Vlfath eI&beof IdeaMa,r Iosklngmaellet stm%t&msoﬁom mﬂrem‘m@’ ofito tooth

4763ﬁﬁ|§s‘?3%%mﬂsetq fa§| éi?gfj‘@qve?ﬁ G e@i)ru u{begp %gawﬁg\% plgo}r‘l %rrom this

mdrheatdrollgi 3 daweribes ifei supplénenfaey lard‘élorfgaﬂ*\sﬂdnrmﬁmn of arrow 33
| ever 8 in tBe direction of

ai
theaysversesdts presinn aatlbis bfa%rﬁ'%&h%&'fﬁpvpfm?éﬁ@w 30. This
pHé%‘ékrhEEksoﬁ‘\b' éid &t ﬂ@sé&ﬂ@a\ﬁb%@i‘éﬂ df%@"i‘)%@ﬁiafléﬁmnHBPexamlnatlon
hol d of tooth 49 of first wnheel . This is a rel ease
Frona#us snomaska newy cycle lmging sod we r@Wrn tothensliasiing siduation, i.e.
roller 3 has caused the second i nmpul se
thégw%gyﬁﬂiﬁﬁgﬂ%? carried by lever 8, to intersect the
trajectory of tooth 48 of the second escape wheel 15
formng escape wheel set 1, thus preparing for the
next inmpulse. In Figure 10 escape wheel set 1 has been
rel eased and is rotating in the direction of arrow
30, actuated by gear train 2, as was expl ai ned above.
Tooth 48 20 of second wheel 15 has caught up with
i mpul se pallet stone 11 then entered into contact
therewith. This is again a start of inpulse phase for
rel aunching roller 3. The end of inpulse phase is
shown in Figure 11. Escape wheel set 1, rotating in
the direction of arrow 30, has brought tooth 48 of
second wheel 15 into the position illustrated in the
Figure, nanely on the point of letting go. It will be
25 observed again that, in rotating in the direction
of arrow 33, roller 3 has continued to drive |ever 8,
via inpulse pin 4, in the direction of arrow 34, which
consequently causes first |ocking pallet stone 12 to
intersect the trajectory of tooth 47 of first



escape wheel 14, thus preparing for the next | ock.
Figure 12 shows the hold of tooth 47 of the first
wheel 14 on locking pallet 30 stone 12. Roller 3
continues its rotation in tde-direction of arrow 33
and inmpulse pin 4 is on the point of |eaving fork 10.
-6- Figure 13 shows the escapenent of the invention in
a state of total lock. Via the effect of draw, | ocking
CLAEMSt stone 12 has noved nore deeply onto tooth 47
of first wheel 14 and tail 23 of lever 8 is abutting
on banking pin 21. Fromthis nonent, roller 3
describes its supplenmentary arc along the direction of
arrow Jdver téwapemitsRs attimeépieest ineludang émre%&ab@theel (1)
along the direction of arrow 30. This ﬁhase mar kst

driveRcb¥o® 9eRE trabt@ida \ha!ﬁrmei iHenE3)aRETVELAN IMPYISR R é‘@rand fitted
wittP59Fs ﬁ'ﬁb&’lge p{]é?@?c&r’é‘ daforr‘%oﬁé%tfﬁghﬁﬁh r’t‘ﬁ%?&ﬁh (6) of
were urn to estart sit™uat1 on . e. t hat shown

5 theiescapguwked. anda lever l(,@ artlculated oeseem'mteé&) gnsk peovided with a

fork, LR hBE Bropsrates, Wiy BieRiRe BIE Cupertly ol 598, ¥ ifled with 2
sedofidUihgRulse lpa(lét) swhé {11 tgeangedt fbr&ddﬁ@étlngwhsme teeth of the

esqaglglt \ﬁh@%lg SSE figst; h@)grggggcéﬁéﬁ ??)gﬁ)@{(%tg; 8 Ig-:;t §tg51es arranged for
d?)’e%étﬁ%ﬁﬁtﬁ%@”ﬁe@trpbf’ fHe éﬁéaﬁ‘@h@éPWhQ%ktW|£& fh tHeRthe escape

at cooperates wt I mpul se pin, whereln

10 whesli(d) mesbesidirettly with seid pear traic@hd i npul se pal | et
stone (11) arranged for cooperating with the teeth of
the escape wheel and first (12) and second (13)
| ocking pallet stones arranged for cooperating with
the teeth of the escape wheel, characterized in that
the escape 10 wheel (1) neshes directly with said
gear train (2).



