Bi axial tourbillon for tinepieces, particularly wistwatches In operation,
the rate of a tinepiece is not the sane when it is in a vertical position
as it isin a horizontal position. A pocket watch can, for exanple, be
adjusted quite easily as it is placed in a vertical position nost of the
time. The adjustnment nmade in this position can be carried out easily, and
it-wll be possible to maintain a variation of O to 1 second per day.
However, if the pocket watch is placed in a horizontal position, that is,
pl aced on a table for exanple, it will be seen that the rate variation
will be around 10 seconds per day. A wistwatch is generally worn in a

hori zont al phidXipdntoungiidonr foxdiaeniages ) et ed/tetie

position of the watch can vary considerably. Consequently, if it is
adjusted in a horizontal position, it nmay in sonme cases present a
relatively siganfcpanttiate vhei aktenofExanpheptabodisents ohet base

i nvention %ggk tcl)tel ién nat e athx} S tdiiCsaaldvantsal%t-‘ioz%ndato propose fitting a
timepi ece Wth a biaxial™tdurbiilon operating Ar offd two p&r pafidi 2ul ar
axes. Accohdikngohbadneocaspecth. o thhekprteserdch nwant | Doy éhenele,) Sberovi ded
a biaxial tqurbjillon for a tinmepiece,.conprising: a fitrst. cage having a
first axi sag u?%?%t?%ﬂfe t%aeSlfliyrg‘f' &ggés Ig];?w eéi rhg]lnél geﬁgF%%]cé’c%&é:éPnang an
escape pi ninosit @hdha s&eond Theagdjhandid assecDndhdsi pooitidt alanobe wherein

the first 8g§¥aed out easily, and it will be possible to maintain a
variation of 0 to 1 second per day. However, 1if the
pocket watch 1s placed in a horizontal position, that is,
placed on a table for example, it will be seen that the rate
variation will be around 10 seconds per day.

A wristwatch is generally worn in a horizontal position.
However, depending on the wearer, the average position of
the watch can wvary considerably. Consequently, if it is
adjusted in a horizontal position, i1t may in some cases
present a relatively significant rate variation.

Example embodiments ¢f this invention seek to eliminate

_this disadvantage and to propose fitting a timepiece with a

biaxial tourbillon operating around two perpendicular axes.

According to one aspect of the present invention, there
.is provided a biaxial tourbillon for a timepiece, comprising:
-a first cage having a first axis of rotation, the first cage
containing a balance wheel and an escape pinion; and a second
cage having a second axis of rotation; wherein the first cage
is housed inside the second c¢age and the second axis is

perpendicular to the first axis.



i s housed inside the second cage and the second axis is perpendicular to
the first axis. 1 In exanple enbodinents, the biaxial tourbillon for

ti mepi eces, particularly wistwatches, is characterised in that it
conprises a first cage containing the bal ance wheel and the escape pinion,
with the cage rotating around an axis and being housed inside a second
cage nounted rotatably in recesses, with the second cage rotating around
anot her axis perpendicular to the axis of the first cage. The cage
cont ai ni ng the bal ance wheel may have a toothed second pinion, which
engages with a fixed toothed wheel that is attached to the bottom plate of
the tinepiece. IMheexsaoir |sanboidaimentand ttiwe bakaneéd whestbistlaihf fay have

t he same axi .correspondi ng tq the .axis.of rotation of the cage..The
tourbil | on)é?rlzl?/ph%?/eres ‘a Igae]%}:o“’“nc fage t'hat® e"“’r?&&é‘??'vmjﬁ C?ﬁﬁafﬁﬁjo%egcgt tBched to
the centrethheelitoronpraxes apehipendicaybatohaiden@xire Aaltshef Wheticage.
The operation of the biaxial tourbi]lon may be conbined wth a retrograde
di spl ay nedRAnit&fm i57FRst iR iTFe sekdhdther cadse FPRRTIRAYmanAEs nekessary
for a conphete pAhabL9AGOhohhey HggﬁgblEogecgﬁdekkpﬁﬁﬁnﬁggjf%f%yaﬁﬁﬁnt to

the tourbillon.
in recesses, with the second cage rotating around another axis

perpendicular to the axis of the first cage.

The cage containing the balance wheel may have a
toothed second pinion, which engages with a fixed toothed
wheel that is attached to the bottom plate of the

timepiece. The second
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The draw ng shows, as an exanple, an enbodinent of the biaxial tourbillon
that is the object of the invention. In the drawing: figure 1 is a
perspective view of a biaxial tourbillon, figure 2 is a top viewof the
tourbillon in figure 1 fitted to the back plate of a watch, figure 3 is a
cross-section of the tourbillon in figures 1 and 2 along the axis of the
bal ance wheel. The biaxial tourbillon described above with reference to
figures 1 to 3 of the drawing was devel oped for a wistwatch. However,
this use is Piotoaxsagsttihee, balrhaehedtesur bitld oh wan beve usied sanpoakes,

wat ches or Q - [ ' I 8,401 ;9Rer gt on, it can be seen that
the rate va;aioatgig;gx)pnm%}hﬁ?h%O Et:h%%%%ggfi Jgo{nao%tlgﬁh%gstgﬁeb?%e a vertical position
as it is in a hdthegomatbigdsirt itgry. hlafvet e sepahancegeheekti sngdgastedchn a

hori zont al iti .and t LIyepiece ays. in this position, arate
vari ation 01&%Qe t %l%s%ecgﬁgaﬁé%ggal)sgcaﬁﬁ e ggpaff%edwhg?ft h&"ti fepi 8é2%i s
pl aced in ®ereeniitalyodia itbr, akhe efrthat ifdmsiaygagden reach around 10

Thi s rate difterinoe P RN L AR vOTPEI o neld Phemeli £ FarBiERSe (o
with a retrograde display mechanism indicating the second, or
the time in minutes necessary for a complete rotation of the
tourbillon, on a linear scale adjacent to the tourbillon.
The drawing shows, as an example, an embodiment of the

biaxial ‘tourbillon that is the object of the invention.

In the drawing:

*+ figure 1 1is a perspective view of a biaxial
tourbillon,

+ figure 2 is a top view of the tourbillon in figure 1
fitted to the back plate of a watch,

* figure 3 1is a cross-section of the tourbillon in

figures 1 and 2 along the axis of the balance wheel.

The biaxial tourbillon described above with reference to
figures 1 to 3 of the drawing was developed for a wristwatch.
However, this use 1is not exhaustive, and the tourbillon can be
used in pocket watches or clocks.

When a timepiece is in operation, it can be seen that
the rate variation of the timepiece is not the same in a
vertical position as it is in a horizontal position. If the
balance wheel is adjusted in a horizontal position and the
timepiece stays in this position, a rate variation of 0 to 1
second per day can be obtained. If the timepiece is placed
in a vertical position, the variation may then reach around
10 seconds per day. Using a tourbillon that rotates on two

axes will rectify this rate difference.



figures 1 to 3 of the drawi ng conprises a conventi onal tourbillon cage A
pl aced inside another cage B, Wnich in turn rotates on two pivots 1 and 2.
The tourbillon cage A p| vot s rotatably on the axis Al inside cage B.
Taken separately, <THge Aa?‘b"’l:‘at deurpedlen | isisdeiksdge wBth TheeSewond ptai on 3
i n the tourbiltierreage; Awext endse QHESI&iledv}lgs Cag m%) e%gagggve\é\nltt&réawe
third wheel 4 (figure 2) which is attached™to t ack

therefore fi xet(Pur%Hél‘T@) fasica i Bhaoed t Hesidet enotmge cByé SB1 haﬁe:fmrm eaphi ed

t by the segon i pi,o o) t.he afor.enenti oned cage on the
S:Jvot)s/ 1 and 2. I%ef@ gfirg“’g %Beég;afge&gin?l tlts}1 dr%iowébﬁgé’ﬁarﬁagﬁ &r g’lé’ﬁB'?lm

t oget her wdt h %P%3&aP1vf ok hehadprbs nBht isysdentaga B Cr 0SBen 15¢;586kEL0p, al ong |

the shared axigd aofotdrescage and bal ance wheel . The adj ustment” system
of the wri stwat cgr% COI’I’%I‘I sgs %%e%nbg%gﬁeceﬂﬁnegr 10 and the escape pinion 11

and i s housed in a TheagescApdt rme.nmpmer_% birn dge: oﬁomwibrfll_ﬁ&age SQC%&%H%%' on
.3 wWth teet age th th xdvx/nee 4 ca S

fixed rotat ablrbyujt%r%%iga%h% (r)g:% & etnﬁa?e? &R T e lsdcbh@urgnabl 16,

whi ch engages Wﬂumh tLheath,amhea 44 trilaq@aeagﬁld?zel s afdWHeed bt atallyy BeL ween
two flat jjgwels 8arran I n recesses rovided to this end. The

pi ni on 20 rot at s around he © tng CRS® B5lf ntREFEFATS YRTHIRE PBF| BWi Hee

results: second pinion 3, which rotates the aforementioned cage on the

pivots 1 and 2.

In figure 3, the cage and its drive mechanism are shown,

(f together with a part of the adjustment system, in a c¢ross-
15 section along the shared axis Al of the cage and the balance

-wheel. The adjustment system of the wristwatch comprises the

balance wheel 10 and the escape pinion 11 and is housed in a

'éage A, the upper bridge of which has a second pinion 3 with

teeth 14 that engage with the fixed wheel 4. fThe cage.A is

20 fixed rotatably onto a roller 15 that is attached to the second

wheel 16, which engages with the pinion 11. The cage B is

mounted rotatably between two flat jewels 17 and 18 arranged in

recesses provided to this end. The pinion 20 rotates around the

axis A2.
25 In operation, the following results:
(fj : + Rotation around the axis A1 through the engagement of

the pinion 13 and the fixed wheel 4;
« Rotation arcund the axis A2 through the engagement of
the pinion 20, attached to the cage B, and the centre
30 wheel 23.

The movement resulting from these two xrotations, which
take place simultaneously, extends in a three-dimensional space
relative to a fixed reference system.

A single-axis tourbillon is to a pocket watch ag the

35 tourbillon in figures 1 to 3 is to a wristwatch. That is, where




(© Rotation around the axis A through the engagenent of the pinion 13
and ‘the fixed wheel 4; Rotation around the axis A2 through the engagenent
of the pinion 20, attached to the cage B, and the centre 30 wheel 23. The
novenment resulting fromthese two rotations, which take place

si mul t aneousl y, tﬁé‘tﬁgﬂéej na t ree-di nensi gnal space relative to a fixed
reference system A SIngl e-axis -t GHFbitPEoR%IEHEDE pEeke Wmtidle amrtheal 35
tourbillon in fpgearteon]l tihed pArposad WEI shwatiGheeNaL iy, wWhers 3,the .
former cancels ?&t the gdj?ust ment errors in the vertical position, t R
purpose of the Faf teiPs PoreEhc® thatveatd cahdingsbaeitorgpiopssitiohhe

vertical and horizontid PROSIdL0RT. 4TheLPM PRSE ;0f rhillon_ is to cancel
out all of the 5 rate errors in thewv1elrti ca 6%5F?i %%&‘%eftl tqﬁlg ﬁgfcﬂp the
(generally a pbtRet®WaEENIR . thhererticolr biditénn| of plhacedtinsid®esally. a
wristwatch, thgoauas agecRPSidlN W rn_is, horizontal. In this
position, ‘the tourbillon has no inf ?%%ég%nl% ﬁgaF%¥eln§flth% WREER2E i s
is why the bi axF&F 36aREe| PoFitienf phem oorh 1o Breaacels aut chhe pbdif 8be,

errors in all pegdtdRRS:19LYeL t .lt-rotates around two The biaxial
tourbillon described above may %g%plllg%gﬁemﬁnggr £ diPhf, Canths tvakshit dTivs

possi bl e for the® 8T the Riamhpl itosrbidoat Lentiaueend the st wenaxes -k and
A2. The tOU]_'(bi | +O0  errors in all positions, given that it rotates around two
' The biaxial tourbillon described above may be placed
under a dial, and it would be possible for the user to study

its operation around the two axes Al and A2. The tourbillon
makes a complete rotation in 8 minutes, and studying its

15 operation is interesting and pleasing. The biaxial
;tourbillon may be combined with a second display and/or a
'digplay corresponding to the duration of a complete rotation

on a linear scale from 1 to 8 minutes. The displays
mentioned above may be advantageously produced by means of a

20 retrograde display mechanism described in Singapore patent
application No. sentitled “Retrograde Display

Mechanism”,_filed on 26 March 2004 in the owner’s name.



makes a conplete rotation in 8 mnutes, and studying its 15 operation is
interesting and pleasing. The biaxial tourbillon may be conbined with a
second di splay and/or a display corresponding to the duration of a
conplete rotation on a linear scale from1l to 8 mnutes. The displays
menti oned atidvdlMBy be advant ageously produced by means of a 20 retrograde
di spl ay nmechani sm described in Singapore patent application No. rentitled
"Retrograde Display Mechanisnt, filed on 26 March 2004 in the owner's
nane. 4 CLAIMS  AlbiaAiabtcubilontioid Binkpiokk. tohpasihE/TEPI €Ce, comprising: a
first cage having a first axis of rotation, Phe Fi r st cage containing a
bal ance wheel and an é‘sﬁ:réb@agpih@m;afkmmsﬁommnpﬂngeirﬁasﬂ'g@@maiﬁﬁgchnd axi's
of rotation; whergj irst_ _cage is.housed inside the second cage and
the second axis {bgjaﬂﬁéeggg‘%lcﬁngﬁpﬁ‘%ﬁ%pfnr‘l‘émfainﬁst axis. 2. A biaxial

tourbi | lon accor di ng tageod dlghhathghShibld i GSOofAferkf MOUNt ed

rotatably in segnments. 3. A biaxial tourbillon according to claim1 or 2,
wherein the first cagdh {irst gege is bowsed invide the sewnddaps midiheistcord gapasent

with a fixed whe . | axi tourbillon according to claim3, wherein
t he second wheel ﬁg gﬂ(thﬁ@a‘p*%g WSt have teeth. 5. A biaxial tourbillon

according to claim3 or 4, wherein the fixed wheel is

2. A biaxial tourbillon according to claim 1, wherein the second cage is mounted
rotatably in segments.
3. .A biaxial tourbillon according to claim 1 or 2, wherein the first cage further

comprises a second pinion in engagement with a fixed wheel.

4. A biaxial tourbillon according to claim 3, wherein the second wheel and the
fixed wheel have teeth.
5. A biaxial tourbillon according to claim 3 or 4, wherein the fixed wheel is

attached to the back plate of a timepiece.

6. A biaxial tourbillon according to any one of claims 3 to 5, wherein the axis of
- : the second pinion is coaxial with the first axis of rotation.
7. A biaxial tourbillon according to any one of claims 3 to 6, wherein the axis of

the second pinjon is coaxial with a staff of the balance wheel.

8. A biaxial tourbillon according to any one of the preceding claims, wherein the

second cage is mounted rotatably between two jewels.

9. A biaxial tourbillon according to any one of the preceding claims, wherein the

second cage engages with a third pinion disposed around the second axis.



attached to the back plate of a tinepiece. 6. A biaxial tourbillon
according to any one of clains 3 to 5, wherein the axis of the second
pinion is coaxial with the first axis of rotation. 7. A biaxial tourbillon
according to any one of clains 3 to 6, wherein the axis of the second
pinion is cd&xi alAhiaxialdowbiion agtording thalain e it theGhirdpfidiks attached to
tourbillon accordc{' tr%%haeré one of the preceding clains, wherein the
second cage is nmounted rotatably between two jewels. 9. A biaxial
tourbillon according to any one of the preceding clains, wherein the
second cage engages With a third pinion disposed around the second axis. 5
10. A bi axi il t o Bisxiad fousbidlon arenyding te bay omdof thberezeding bRihQixd pi nion is
attached to a c | .11 .A.biaxial taqurbillon according to any one
of the precedi ngeéébgbﬁlr%%gieanr Etr%%rﬁ%er fliselpy mechansm o indisterindosmationes adisicsm t o
i ndi cat e i nf or matscale adjacentlts BRAGWbLAGR. € adj acent to the tourbillon. 12. A
bi axial tourbillon according to claim11l, wherein the information is the
time for a conplete rotation of the tourbillon. 13. A biaxial tourbillon

according tqpcl aigm,12ia Yt he.,time is in mnutes and/ or seconds. 14.
A bi axi al tour bi Ippg%géa}:cor i Hg#"é’%‘ﬁ% t%ﬂ@“%fllt%erﬁﬁ“ég‘*emf?@l%ﬂ?ailﬁﬂlﬁ timeer ei n
the tinmepiece i doma vermplesabebion Of the tourbillon, :

13. A biaxial tourbillon according to claim 12, wherein the time is in minutes and/or

seconds.

14. A biaxial tourbillon according to any one of the preceding claims, wherein the -
timepiece is a wristwatch.



