1 Description TOURBI LLON MOVEMENT FOR TI MEPI ECE Technical field 5

[ 0001] The present invention relates to tourbillon novenents for

ti mepi eces. Such novenents are well known by those skilled in the
art. The tourbillon is a device naking it possible to inprove the
precision of the tinmepiece. It conprises a cage rotatingly nounted on
the frame of the tinepiece and a bal apce nounted so as to 10
oscillate in the cage. The oscillating novenent of the bal ance is
general ly mai ntai ned by an escapenent al so nounted on the cage. The
cage isDgddripgdhin rotation by a train whereof the |ast wheel meshes
with a pinion integral_wth the The escape-wheel, nounted on
the cage, neshes V\AthTé)quéHOM@%EN@(H(EPBJH ERIECRe i nvention 15
[0002] Certain clocknekers have devel oped so-called rapid
tourbillons, in mhlch only the anchor is |ocated on the cage, the
escapenﬁﬂﬁ“ﬁﬁk@ﬁ bei ng mounted fixed on the frame of the novenent.

Such: sol utions are described in the work entitled "Le Tourbillon" by
R. is, 1SBN No. 2-58917-097-8. [0003] Such devices have been the
obj ect [000tAlhy prekent invegien peletessto Aurbiborgmovesndnds dor Zthepieces.t Baclof
the tourbillon is substan duce %

i oni 11 cant "RATEThAR Wb kRt bf SsE Snerdn o 8 Foe REIE feca pevies
i mage havi ngnmmttpbesiblauormmdvatﬂeé precisrdnvel the@htepiste! heofpkeek a cage
escape- wheel . This anD nts Lo .S that if the bal ance oscill ates
at a frequedBipliggly gqupte ‘i%th@éiféx e YElepischasAS P%@‘&HWPWHGW’ fo e8P
secds. 25[{apfi4e Wﬂﬁﬁ\éﬁge afhé%éém%ﬁv%rnﬁ‘o\ie%nb'df' 8- baBfcd ey | g@ﬁﬁral!y
descri bed, for exanple, docunent s 2007/ 033513, WD 2005/ 043257
VO 03/ 017009n@inigines by %&smm%ﬁlsom@mg@ opdbe cage. Threcage ispivande|
connect ed t Gofefin BPCIREin! hdPBUNRE fad? iWHe] RBLNeORith BepifiRAGRbrel W the

tourbillon ese ocunents t ore cannot
cage. The escape-wheel, mounted on the cage, meshes with a fixed wheel.

Background of the invention

15  [0002] Certain clockmakers have developed so-called rapid tourbillons, in which only the
anchor is located on the cage, the escapement wheel being mounted fixed on the
frame of the movement. Such solutions are described in the work entitled “Le
Tourbillon” by R. Meis, ISBN No. 2-58917-097-8.

[0003] Such devices have been the object of only a few unique pieces. Although the total

20 inertia of the tourbillon is substantially reduced, it is nevertheless significant given
that, for construction reasons, it is difficult to image having more than
approximately twelve teeth on the fixed escape-wheel. This amounts to saying

that, if the balance osclllates at a frequency of 3 Hz, the cage must perform one

revolution in four seconds.

25 [0004]Moreover, also know are tourbillon-type devices described, for example, in
documents WO 2007/033513, WO 2005/043257, WO 03/017009 and EP 1 564
608. But in these devices, the escape-wheel connected to the anchor is mounted

pivotingly on the cage of the tourbillon. These documents therefore cannot be



2 taken into account to resolve the problens which concern devices
conprising a fixed escape-wheel. [0005] The present invention ains in
particular to realize a tourbillon tinepiece conprising a fixed
escape-wheel, in which the rotational speed of the cage is 5reduced.
Brief description of the invention [0006] The tinmepi ece novenent
according to the invention conprises: a frame, an energy source, 10
a train driven by the energy source, ,a tourbillon cage nounted
rotatingly on the frame around a firg% axis and driven by said train,
a bal ance nmounted oscillating on the cage in bearings, and

an escapemneikendniar actiongt @ feszied td p@bleamdwhich QWohteln eviaB comprising a
cooperati ng MA h the 15b Iance and the fixed wheel in order to
sustain t he M¥8Y §8fERSY It is characterized in that the bearings
of the bal ance are arranged such that this balance oscillates around
a secorf0yiThewhiaskni snuemmtm naichsi iin rp&ir@ctulamtd aebliee fa rtsirbiflzn st;mépjiece
this way, it 0SS e, to have_a, rel ever

control or ga?ﬂm(?f’gf‘ﬂea §%da58?ﬁfﬁfwwetl hGuf” 'crﬂgb\%v t[a{]&?éﬂ(’srpggg%ﬁdﬁ? ﬁ:@ge is
tota inertirédledt he 20cage. This nmakes it possible to increase the
nunber of teeth of the fixed wheel and thus to reduce the rotational

speed OfydMRsGRfHEN of the invention
[0006] The timepiece movement according to the invention comprises:

s aframe,

* an energy source,
10 « a train driven by the energy source,

» a tourbilion cage mounted rotatingly on the frame around a first axis and driven by

said train,

* a balance mounted oscillating on the cage in bearings, and

¢ an escapement comprising a fixed wheel and a control organ cooperating with the
15 balance and the fixed wheel in order to sustain the balance.

[0007] 1t is characterized in that the bearings of the balance are arranged such that this
balance oscillates around a second axis which is inclined in relation to the first
axis. In this way, it is possible to have a relatively long leverage of the control
organ of the escapement without, however, increasing the total inertia of the

20 cage. This makes it possible to increase the number of teeth of the fixed wheel

and thus to reduce the rotational speed of the cage.
[0008] Advantageously:

+ The incline angie is between 15° and 50°,
» The escapement is of the lever type;

25 s The escape-wheel is of the exterior toothing type.

Brief description of the drawings



[ 0008] Advant ageously: The incline angle is between 15 and 50; The
escapenent is of the |ever type; 25 The escape-wheel is of the
exterior toothing type. Brief description of the drawings 3 [0009]

Q her characteristics of the present invention will appear nore
clearly upon reading the description which follows, done in reference
to the appended drawi ng, in which the sole figure shoms I n

di agrammatic cross-section, a part of 3t he ti mepi ece novenent
according to the invention. 5 Eetalled descrlptlon of the invention

[ 0010] | AW QWQ '
parti cuH hgg}totﬁg'nggn@c%ggﬁ(:rsl ls?f #Sé ﬁé at e fbhg?l @Vgt ura Ei onagéri“}dglgcn
12, a goi ngeadiag rihah%@@ﬁfl@hlvy/hldnd’ommm irs refeséngee to theféapqmthded

wheel 16 no riqgj 0 n t our bi

mount ed r ot Areae, L sdtE Pl ious e Mot R P hcuBP Pat
t he pl at e 1Qhe tinepietd etoventeapaadording to theénventislge 12, around an axi s
AA perpendi cular to the plane of the plate 10. [0011] The tourbillon

CONPPHLERS] gﬁhgz,gee nHh of two portions 26 and 28 15connect ed
to each oéﬂera% gﬁ?rfars only one of these being visible in the
[0010] The timepiece part illustrated in the drawing comprises in particular:

» aframe comprising a plate 10 and a tourbillon bridge 12,
» a going train whereof only one wheel 14 is visible,
» a fixed wheel 16 mounted rigidly on the plate 10, and
10 * a tourbillon 18, mounted rotatingly between two bearings 20 and 22, one
integral with the plate 10, the other integral with the bridge 12, around an axis
AA perpendicular to the plane of the plate 10.

[0011] The tourbillon 12 comprises a cage 24, made up of two portions 26 and 28
15 connected to each other by pillars 30, only one of these being visible in the
drawing, a balance 32 and an anchor 34, both mounted pivoting on the cage 24.

[0012] The two portions 26 and 28 each comprise an arbor portion referenced 36 and
38, respectively, and a board referenced 40 and 42, respectively. The arbors 36
and 38 are each provided with a pivot-shank 38a and 38a. Moreover, the arbor
20 38 forms a pinion 38b engaged with the wheel 14.

[0013] The arbor 36 and the board 40 are integral with each other. The latier part is
inclined in relation to the arbor by an angle of approximately 60°. It is pierced with
a hole in which a balance bearing, not shown in the drawing, is countersunk
traditionally. The latter part receives, traditionally, one of the pivots of the balance

25 32.

[0014] The arbor 38 and the board 42 are also integral with each other. The latter part
comprises a first portion 42a inclined in relation to the arbor 38 and parallel to the

board 40, and a second portion 42b arranged perpendicular to the axis of the



drawi ng, a bal ance 32 and an anchor 34, both nmounted pivoting on the
cage 24. [0012] The two portions 26 and 28 each conprise an arbor
portion referenced 36 and 38, respectively, and a board referenced 40
and 42, respectively. The arbors 36 and 38 are each provided with a
pi vot - shank 36a and 38a. Mreover, the arbor 2038 forns a pinion 38b
engaged with the wheel 14. [0013] The arbor 36 and the board 40 are
integral with each other. The Iatter‘gart isinclined inrelation to
the arbor by an angle of approxinmately 60. It is pierced with a hole
in which a Lahdruse ARRRE isTBrmdlPin tRE A1 pbAioh A8 JIRINEA rélétio?ﬂlel'ﬁ?c?ﬁﬁ&%\‘
traditionally. The latter part receives, traditionally, one of the

pi vots of tﬁ%e bagmint® inzgder {cofprm] thgtsecand bead®y ahthet balatemBa, Wwgether
al so integr 1 ther i 1 :
ort i on a9a i BLARS b Bor e Balbfid 87 RiberdRIREs ARl il M borion
board 40, addbainswbiohd jpeel #éhordfing bearnyyied thee apaodidduk aouhigrdunk. e s
of the 4 arbor 38, hole is formed in the first porti 423, .

i ghed i n IRR T PRnEe SveS R 4 retblarehdd sPROHRLDY, & igem Bhe
second bear iwtgcok ﬁbda@ohm@mﬂomzb,t&g?&wre\fuqruﬁra@daaym Mokedkhg BB of
t he bal ance 32. Another hole is fornmed in the portion 42b, in which a

| el 8GR BB Qi e AR BB B oIS o 6,

| atter ernore prvots In a secon
bri dge 48, wiithcan inds paratiel tothd dnds pAr Theshateh) susions, dgislyilized, a piece 52

50 mount ed (PRSI AR PRI SRPI 2R areh 5 PATRIa e PGS 201

to the axis shbstatiiflystranteddth aURRRS perpend@urlr o fth¥ fkis AADIIRCEalRE 522
formed by pallets 52®Eand t heir support 52b, as well as a fork 54.

The pi ece 5xoprerategwibyihefixgdivhieel1®ri ented in a pl ane perpendi cul ar
to the axis AA. Its pallets 52a cooperate with the fixed wheel 16.
[0016] [OBeésTTdwekicBd 54 amypiprises aaportioh i Sda eftmgedgagthd simaft B8 a4 ttaib64b

and a tail 54h inclined in a djrection stanti all rallel to the
boar d 40 andielgef fiba AEPe<R) Suslanial staflas ety o8 Rduh dae portign 425
vicinity of gih@ebpdardce2 3R, exabhddMd1ahd Recinildof t18d YElS 082, OblvRY AMe
to the latter part via a tray 56 integral with the arbor of the

bal #ce 32. t[anemigsions{fansrgyoiorthe latige part Niaa trae 56 intearakwith e #rber, ofjthe

| ength can heiperased, such that, for a sane inpulse angle on the
bal ance, the anchor travels over a smaller angle. It is thus possible

TG T AR IR P I o oot et

confi gurati gy a shmaRABASE aRGIETNhE bhRANEE ahé Afictibr WA0EK okt & sirBllériangle.
teeth, which, with a bal ancé oscillating at a frequency of 3 HZ

causes the tlbis tupIressible iecinpisase dir nuwber of piihes er gavajuliamard, in this
20 way, reduce the rotational speed of the tourbillon. With such a configuration, it

appears possible to realize a wheel with thirty teeth, which, with a balance
oscillating at a frequency of 3 HZ, causes the tourbillon to perform one revolution
in ten seconds.

[0018] In the embodiment which was just described, the anchor pivots on an axis paraliel
25 to the axis of the cage. It is also possible to use an anchor pivoting on an axis
parallel fo the axis of the balance. In this case, the escape-wheel, which is fixed,

will advantageously have a toothing inscribed in a truncated cone.



[0018] In the enbodi nent which was just described, the anchor pivots
on an axis parallel 25 to the axis of the cage. It is also possible
to use an anchor pivoting on an axis parallel to the axis of the

bal ance. In this case, the escape-wheel, which is fixed, wll

advant ageously have a toothing inscribed in a truncated cone. 5
[0019] In both of the enbodi ments nenéloned above, it would al so be
possible to use a fixed wheel with an“inner toothing, the pallets
then being turned outwardly. [0020] Qther types of escapements can

al so be[oosedn ndthust thé RElHoRINENtS REenbaheNSSoveD it iduld biRB bteopdéaﬁ,léts §se0£
rotation of the cage also allows other per s%ectl ves. is thus

entirely podkepmdeplovit e inper fzﬁ’oﬁt"?*gjé'ﬁ%l?@'ei%‘ ﬁmb@wgttw@esaxuaw@yt ray is
substantially off center in relation to the axis of rotation of the

cage, efpoR0@ther tybes ot reseap@fiengs aant alsobet inedb ahascmciiting Whe bakntalih y
on this axis. ration of this ty

f
possi bi et o THElOTL {7 e s EnElh otP CHOSEISP allows S peispREiveSrib i bus

is ggven di repfitdly pbsxitldeo Bidabs @ NMchesin GRAICRANE RaRMEE tra%@s Eﬂ%tantlaliy
anchor, which is then replaced by a control nenber attac

bal ance and Yh¢terip selatiomio theuts Pl watRRCGE fh%éa%lwaéNWhmﬁé‘@@W@f
an i npul se-yg[: %%JftHébélén&%@%uﬂﬁéﬁhﬂ}/%nttﬂs'é§‘§ a dead-beat escapement,

such as a ¢ er escapenent. In s case, the control organ will
ed to the bal ance

be for he C nder, ich is conne

151 0023 UR VA & B9tk et Pl e i bSaihe (i 5eah FRgPerirblubioh et
its axial engsgst evbry &h@ﬂlnﬁ;ﬁ:lﬁi ivémaireétbeto%ﬁ%aﬁn'cé%%ﬁt @@iﬂg&hr@ggﬁ)e
applled to a tourbillon of fTywheel type. [0024] In another

var 1@t i on wihe Rnolas. whichiis erﬁataéad by w&%@bmmbee@tia@e@otﬁﬁhe balapge
tourbillon %@%mﬂﬁ@eéfh@% uerBﬁ‘QJThI R éﬁn'r%se;@@awapagéond The

fi xed wheel 20 16 would on the second cage nthis
t he bal ance oscill ates

case, s of the fi rst ca
woul d b@%?ﬁlﬁ { cR¥enn BPETRIB; toh U ?haeéglb%aqo@w%w .o gUeh E[So@z@y*mder
Thus, ow ng dsRapdifiedtar thishdsel iR datraneah svill BE krARd ﬂﬂhb&fyﬁkﬁd%ﬁ*cﬁmb@

t he axis of the ca% in which it is nmounted so as to oscillate, it is
possi bl e t o ¢ &gnesiedtoitle balaneen
15 [0023] The tourbillon described turns on two bearings arranged at its axial ends. It is
quite clear that the same principle can also be applied to a tourblllon of the
flywheel type.

[0024] In another variation which was not illustrated, the movement could comprise two
tourbillon cages, the first being mounted pivoting on the second. The fixed wheel
20 16 would then be fixed on the second cage. In this case, the axis of the first cage,
in which the balance oscillates, would be inclined in relation to the axis of the

balance.

[0025] Thus, owing to the fact that the balance is inclined in reference to the axis of the
cage in which it is mounted so as to oscillate, it is possible to realize a tourbillon
25 in which the escape-wheel is fixed and the cage of which turns at a reasonable

speed, all while improving the precision of the watch.



25in which the escape-wheel is fixed and the cage of which turns at a
reasonabl e speed, all while inproving the precision of the watch. 6
Clains 1. A tinepiece novenent conprising: a franme (10, 12), an
energy source, 5 a train driven by the energy source (14), a
tourbillon (18) cage (26) nounted rotg@tingly on the frame (10, 12)
around a first axis (AA) and driven by said train (14), a bal ance
(32) nmounted oscillating on the cage (26) in bearings, said bearings
bei ng aCkmmged such that said bal ance (32) oscillates around a second
axi s 10@5?& which is inclined in relation to the first axis (AA), and
char act BEPIFGE JIVELERpEIRANtS %6, 34) conprising a fixed

escape- wheels (dhmeqyoted, on the frane and a control organ (34)
cooperating with the bal ance (32) and the fixed escape-wheel (16) in
order to sust afhei¢ey pa¥ahce (32). 2. The novenent according to

claign 1, Cha»ra&?rﬁfnicﬁ'ﬁgnibgtﬁé"é‘ﬁerﬁf_ﬂ@oﬂjreékizf)? angl e between 15 the two
axes i s between 15 and 50. 3. e novenent according to one of

clains 1 and 22 tebiterc(ticeee (26 mewnted feiatindwpeieairame (@9, tharpevbep
type. 4. The ﬁ@*’%ﬁ%{m)%%%ﬁ%g%gm%mﬁ clainms 1 to 3,

characterized I'n t'he f1 xe scape-wheel (16) is of the exterior
t oot hi ng t ype. a26labee 32 nnmnéerboscilkatiog oditing cage (6% indfeacings.rmmidibearings

character) 2eq. b BBhokF shffd S0 Bhaigh i ERE ol Sa50F a0
10 (BB) which is inclined in relation to the first axis (AA),
and characterized by an escapement (16, 34) comprising a fixed escape-wheel (16)
mounted on the frame and a control organ (34) cooperating with the balance (32) and
the fixed escape-wheel (16) in order to sustain the balance (32).
2. The movement according to claim 1, characterized in that the incline angle between

15  the two axes is between 15% and 50°.

3. The movement according fo one of claims 1 and 2, characterized in that the

escapement is of the lever type.

4. The movement according to one of claims 1 to 3, characterized in that the fixed

escape-wheel (18) is of the exterior tocthing type.

20 5. The movement according to one of claims 1 to 4, characterized in that the cage (26)

of said tourbillon {18) turns on two bearings (20, 22) arranged at iis ends.

8. A timepiece movement comprising:
« g frame,
* an energy source,
25 + a frain driven by the energy source,
} ¢ a first fourbillon cage mounted rotatingly on the frame and driven by said train,
« a second tourbillon cage mounted pivoting on said first tourbillon cage around

a first axis,



* 6. A tinepiece novenent conprising: a franme, an energy source, 25 a
train driven by the energy source, a first tourbillon cage nounted
rotatingly on the frane and driven by said train, a second
tourbillon cage nmounted pivoting on said first tourbillon cage around
a first axis, 7 a balance nmounted oscillating on the second
tourbillon cage in bearings, said bearings being arranged such that
sai d bal ance oscillates around a second axis which is inclined in
relation to ¢ha Halarse rmejrﬁed osallieding fmaxrtaetsetcbmuﬂ)jllo@rha@éqﬁlmﬁmﬁs said
conprising a f%xed e e- wheel r@f % %Qe 5 first tourbillon
cage and a con ?%ﬂmgg @HBB%‘?%?'I’#Q SR et asrleteharound & peeomd
escape-wheel i axiofidh ik thaibgd i ralatibe tdmbang@xis, 7. The novenent
accordingito claim6, characterized in that the incline angl e between

the two2d%&Barasterged by An@scaprMeN. comprisingg fixaskesssperdioe! moubiediangtheo
one gf ﬁrls@'t&}bﬁoﬁrb@g&ar@hﬁr@%r@f bARd éd?)pbha%hgt\pﬁn o8 %afaﬂeg%gtthb%g%fd

the | ever type. . The novenent according to one of
char act ep¢apeavhgsl tmﬂetﬁ§uﬁi%ﬁle@§dﬁﬂ§é— wheel is of the exterior
toothing type. 10. The novenent according to one of clainms 6 to 9,

char act gr Taeehovemiehbhcadiflg fid GRim GagRartabefise®h haPtHEAGINIS G hanged

at its ends. 15
e two axes is between 15° and 50°,

8. The movement according to one of claims 6 and 7, characterized in that the
10  escapement is of the lever type.

9. The movement according to one of claims 6 to 8, characterized in that the fixed
escape-wheel is of the exterior toothing type.

10. The movement according to one of claims 6 to 9, characterized in that said first cage
furns on two bearings arranged at its ends.
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