1 Description SPIRAL SPRING Technical field [0001] The present invention relates to the field of
mechanical horology. It more particularly relates to a spiral spring intended to equip a regulator organ of a
mechanical watch. Background of the invention [0002] In clocks, pendulums, and mechanical or
electronic watches, there is always a regulator organ making it possible, as its name indicates, to regulate
the runnipg gt tiBiepiece. In the case of a mechanical watch, the regulator organ is formed by a
balance and a spiral spring. [0003] Traditiorgqﬂyl?ﬂ?_sgif,%(jﬂ%leaf, in general metal, with a rectangular
section wound on itself in the shape of a spiral of Archimedes. It is fixed in its center on the balance-staff,
by a piece called a collet. The outside of the spiral is fixed to a balance, called balance-cock, by a piece
called a balance-spring stud. The balance-spring stud is fixed either directly to the balance-cock, or via a
mobile badlestaspain§i etdd support.

[0001] The present invention relates to the field of mechanical horology. It more
particularly relates to a spiral spring intended to equip a regulator organ of a

mechanical watch.

Background of the invention
[0002] In clocks, pendulums, and mechanical or electronic watches, there is always a

regulator organ making it possible, as its name indicates, to regulate the running
of the timepiece. In the case of a mechanical watch, the regulator organ is formed
by a balance and a spiral spring.

[0003] Traditionally, the spiral is a leaf, in general metal, with a rectangular section
wound on itself in the shape of a spiral of Archimedes. It is fixed in its center on
the balance-staff, by a piece called a collet. The outside of the spiral is fixed to a
balance, called balance-cock, by a piece called a balance-spring stud. The
balance-spring stud is fixed either directly to the balance-cock, or via a mobile
balance-spring stud support.

[0004] Such an assembly of a spiral is not optimal for the isochronism of the watch. In
fact, the center of the spiral moves during its development, which causes reaction
forces at the pivots of the balance-staff. The intensity of the forces exerted on the
pivots participates greatly in the isochronism that is generally observed.

[0005] Timepiece are known provided with two spirals mounted on the balance-staff, in
opposite directions, arranged in different planes. The house H. Moser & Cie
offers an escapement provided with two spirals arranged on either side of the
balance, in opposite directions. It is known that it is difficult to obtain precise
characteristics for spirals made traditionally and that therefore, two spirals will
most often be different, even just slightly. Thus, the adjustment of such a balance

provided with two spirals having different characteristics, and the alignment of the



[0004] Such an assembly of a spiral is not optimal for the isochronism of the watch. In fact, the center of
the spiral moves during its development, which causes reaction forces at the pivots of the balance-staff.
The intensity of the forces exerted on the pivots partiCipates greatly in the isochronism that is generally
observed. [0005] Timepiece are known provided with two spirals mounted on the balance-staff, in

opposite directiggpaTargradn siiferentniangiralbe frades HaMresmick Clupfiersmpesarpament
provided with two spirals arranged on either side of the balance, in opposite directions. It is known that it

is difficult to obtglifferesnsiscbsiniesneigitwfospivaislnakee thadigswelplaing tfercerrerecad Higrals will

most often be d'ﬁqg%rg QYR jPSFn sligj[hélé/sél'hunsd r’ghﬁuﬂdAHatrélﬁrgu f tsuggn rgfdance provided with two
spirals having ditteren C?”IardC{]GI’IS%CS, Anathe alignmen of the t2?orces exerted by the two spirals,

present 4o} EReFprézernaneciiti ke @fteeeriadabvpripteaospiishl snandkgsithsossble oothe
forces exerted at the balance-staff, in most cases, non-null and difficult to control. [0006] The present
invention therefBRPMME L IRGSHERNSENPARNAIRR, ivpHSJiBBaRINgHPHVR I i dnEIRBIRSH of a watch,
while remaining simple to implement. Brief description of the invention [0007] More specifically, the

invention _relates to a spiral sprin%of a watch movement as defined in claim 1.
Brief description of the invention

[0007] More specifically, the invention relates to a spiral spring of a watch movement as
defined in claim 1.

[0008] Other features of the invention are provided in the dependent claims.

Brief description of the drawings
[0009] Other features of the present invention will emerge more clearly upon reading the

following description, done in reference to the appended drawing, in which figures
1 to 6 show, in top view, diagrammatic views of different embodiments according

to the invention.

Detailed description of the invention
[0010] Figure 1 shows a flat spiral spring 10. It comprises a first inner end associated

with a collet 12.

[0011] Particularly to the invention, from the collet 12, several leaves are deployed, the
drawing showing two of them. There is therefore a first 10a and a second 10b
leaf, wound in the same plane and in the same direction. The leaves 10a and 10b
are wound into one another, the coils of one being inserted between the coils of
the other. The first 10a and second 10b leaves are arranged at 180° relative to
one another. The leaves are identical, so that the ends of the leaves are situated
on a circle and are situated at 180° from one another.

[0012] Advantageously, the outer ends of the leaves are connected to each other by a
rigid frame 14, i.e. the frame does not (or practically does not) contribute to the

elastic torque exerted by the spring. The shape of the frame 14 is circularly



[0008] Other features of the invention are provided in the dependent claims. Brief description of the
drawings [0009] Other features of the present inventié)n will emerge more clearly upon reading the
following description, done in reference to the appentded drawing, in which figures 1 to 6 show, in top
view, diagrammatic views of different embodiments according to the invention. Detailed description of the

invention [0010kGigHetAcEPeR MV BalSRRE! SeRRG BP-tHCUpREsasafirsiinNansPaRss OuRbark vath a
collet 12. [0011] Particularly to the invention, from the collet 12, several leaves are deployed, the drawing

showing two of gawarThets isenersitiie i@ finst 30s2hnd a second 10b leaf, wound in the same plane and
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another. The leayel anadeeinticab pictminine erdesf diaHeaysiraarasitbatededud gifdetasdaaeesituated
at 180 from one another. [0012] Advantageously, the outer ends of the leaves are connected to each

other by a rigid iPahfve Adeatierlb elatic ghasasteristcRatir AMpdea¥sfottbatbibidheecaligtitZorque
exerted by the spyingnd heashareoL e fagee ih 4S5 ce, monolithically. To that end, the

spiral according to the invention can be made from materials that can be shaped
using deep etching techniques, particularly silicon-based spirals, in particular
made from monocrystalline silicon, potentially covered by a layer of silica, but
also spirals made from diamond, obtained by growth then deep etching, or spirals
made from DCS (Diamond Coated Silicon), i.e. silicon spirals covered with
diamond.

[0014] Owing to the symmetrical arrangement of two identical leaves 10a and 10b, each
of the leaves exerts a force on the balance-staff offsetting the force exerted by
the other leaf. Thus, the reactions on the staff are minimized, or practically null,
which makes it possible to improve the isochronism of the oscillator.

[0015] The frame 14 is arranged to be able to support an attachment organ, preferably a
balance-spring stud, to connect the spiral to a balance-spring stud fixed on the
movement. In the embodiment of figure 1, the frame has a portion with a width
adapted to receive a slotted balance-spring stud, known by those skilled in the
art. More specifically, the frame has a wide zone 14a and a slimmer zone 14b to
receive the balance-spring stud. The latter is fixed to the frame using an adapted
technique, such as adhesion or welding, chosen by one skilled in the art.

[0016] Figures 2 to 5 propose different embodiments to produce the frame 14. In figures
2 to 4, the frame 14 is semi-circular and connects the two ends of the leaves
arranged at 180°. In figure 2, the wide zones 14a of the frame are hollowed out,
which makes it possible to lighten the spiral in the outer zone thereof, which is

always interesting to limit the forces on the balance-spring stud in case of impact.



3 symmetrical relative to the center of the spiral. Preferably, the frame follows a circular path, concentric
to the spiral. [0013] Typically, as allowed by shaping techniques with silicon-type materials, the collet 12 is
made in one piece with the rest of the spiral. Advantageously, for the leaves to have identical elastic
characteristics, the two leaves 10a and 10b, the collet 12 and the frame 14 are made in a single piece,

monolithiggllyz TR thet NS, theessRisthacaarding tade kvemirn sassha padaigny matssiaiibatsan be
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and connects the two ends of the leaves arranged at 180. In figure 2, the wide zones 14a of the frame are
hollowed out, whlgh htare@ngssksd ik eoliRM@RN the spiral in the outer zone thereof, which is always

nteresting g4 INSSSORdNe ance: sprlan siuditcrpe aLImBRG: 4RI fis 3 dhe frame
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around the framssakhigblGain grewids dlexiiity ospFia g anstis qovre dbaheomwsprirens 109 ki rHigafe 4
proposes a frame provided with a hole 16 to receive a non-slotted balance-spring stud, which can be
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completely symmetrical. It will be noted that, even in the configuration where the frame is provided with a
hole, the[fia&{§ AdbleLige hbéofigraesibrig\siravhelesTyzraisovieicirtrgysgpioal theringm€. includes
two leaves, more can be provided. It is thus possible to have n identical leaves,
distributed at 360°/n around the collet, the outer ends also being distributed at
360°/n. Such an arrangement makes it possible to improve the distribution of the
leaves and forces around the balance-staff, and therefore allows better
compensation.

[0021] In such a case, with n leaves, a frame 14 in the shape of an arc of circle defines
an angle of 360°/n, or a multiple of that value, as chosen by the person skilled in
the art. A complete circular frame is also possible.

[0022] Each leaf being wound between the coils of other leaves, it is understood that, for
a spiral with a given dimension, increasing the number of leaves causes, on the
one hand, a reduction in the active length of each leaf. Thus, relative to a
conventional spiral occupying a surface area S, provided with a single leaf
whereof the active length is L and thickness e (the thickness being the dimension

of the leaf in the plane of the spiral) and with pitch p between the coils, a spiral



[0019] It will also be noted that the function of the frame can be fulfilled by a balance-cock including
several balance-spring studs (one balance-spring styd per leaf), making it possible to fix the ends of the
leaves. In that case, the frame, as such, is eliminated’and only the collet and the leaves are then
monolithic. [0020] Although the figures only show examples in which the spiral spring 10 includes two

leaves, more cagoBraIRYIdECkHS iSHbiRiBASHRIE I RaNRd ilentierhiaaves. FiRtHbytest a8R40/aaaround

the collet, the outer ends also being distributed at 360/n. Such an arrangement makes it possible to
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compensation. [0021] In such a case, with n leaves..a frame 14 in the.shape of an arc of cjtcle defines an
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obtained with conventional spiral springs. It is also possible to consider making spirals occupying a larger
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the last spire is at' a constant distance from the next-to-last coll, including at the reinforcement. It would
also be possibldudirensdecehthdiseantiohe@tdbe thiedhdt voil badtiechhattthmseirdorocemgrinidler than
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defined by the claims. In particular, the pitch of each leaf can be constant, as shown in the drawing, but it

can also vary. Figtidanass, mé,bﬁléh@%mgtbﬁjd eiaforeerapriceld Myoaitbtalsorieg PRSEW!n Warticular
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than the pitch separating the other coils, particularly at the reinforcement.

[0024] This description was provided solely as a non-limiting illustration of the invention
and one skilled in the art can also provide various alternatives following directly
from the description provided above, without going beyond the scope defined by
the claims. In particular, the pitch of each leaf can be constant, as shown in the
drawing, but it can also vary. Furthermore, the balance-spring stud can be
replaced by another fixing mode, in particular a screw to secure the frame directly

with the balance-cock.



6 Claims 1. A spiral spring (10) of a watch movement, characterized in that it includes a plurality of
coplanar leaves (10a, 10b) wound into one another, in that the inner ends of each leaf being secured to a
single collet (12), in that the leaves (10a, 10b), the callet (12) are made monolithically. 2 The spiral spring
according to claim 1, characterized in that the outer ends of each leaf are connected to each other by a
rigid frangg| g provided with at least one portion to receive an attachment organ, said frame (14), the

leaves (10a, - Q%iﬁ? Iithical - SN i ' ne of
claims 1l§n 29%?ﬁ%¢§8ﬁ§&c§£§2 %’:f\?t It inc u@%@%@sﬁ@%ﬁﬁé&é@ﬁ .Qﬁgihﬁgﬂg%g%poé%ﬂgégﬁding to
claim 3, chardateplzedhmd¢aats (d Defviden Ranttdritwoondsaincthidedn thahthepmaks@y afeeading to
one of claims 1 to 4, characterized in that theﬁ)itch of each leaf is constant. 6 The spiral spring according

to one of claifif Reid sGeeddARIROIRAANR! hiteh 81 lrhihealaavesitiie: 79k GsrsPiphkle)

according topaeRf fAaendiiiRiBafaracterized in that the frame (14) includes wide zones (14a) and at
least one slim zone (14b), said slim zone being intended to receive a balance-spring stud to attach the
spiral sp2ng tbergpiwalkcpringaceandisdrte gpiral $pahgracteided) i thad bfelaiies Bnds ofreaabterized

i that the oM 4 nehsR oot A0S le ) TSR OP B A AP Bl g ect
portion to receive an attachment organ, said frame (14), the leaves (10a, 10b) and
the collet (12) being made monolithically.

3. The spiral spring according to one of claims 1 and 2, characterized in that it includes
n leaves offset by 360°/n.

4. The spiral spring according to claim 3, characterized in that n is between 2 and 4
(bounds included).

5. The spiral spring according to one of claims 1 to 4, characterized in that the pitch of
each leaf is constant.

6. The spiral spring according to one of claims 1 to 4, characterized in that the pitch of
each leaf is variable.

7. The spiral spring according to one of claims 1 to 6, characterized in that the frame
(14) includes wide zones (14a) and at least one slim zone (14b), said slim zone
being intended to receive a balance-spring stud to attach the spiral spring to the
watch movement.

8. The spiral spring according to one of claims 1 to 6, characterized in that the frame
(14) includes at least one hole (16) intended to receive a balance-spring stud to
attach the spiral spring to the watch movement.

9. The spiral spring according to one of claims 1 to 8, characterized in that the frame
includes hollowed out zones.

10.The spiral spring according to one of the preceding claims, characterized in that the
last coil of the leaves includes a reinforcement (18) arranged so as to bring the

center of gravity of the active part to the action center of the elastic torque.



9 The spiral spring according to one of claims 1 to 8, characterized in that the frame includes hollowed out
zones. 10. The spiral spring according to one of the p}receding claims, characterized in that the last coil of
the leaves includes a reinforcement (18) arranged so' as to bring the center of gravity of the active part to
the action center of the elastic torque. 7 11. The spiral spring according to one of claims 1 to 10,

characterizegg @tﬁFéh@ﬁFﬁ{?%M&’él telsnunsreniithe ¢aiainisdhsraerifz & tetRBt ghelRartee spiral

spring according to one of claims 1 to 10, characterized in that the frame forms an arc of circle, with an
angle that |sfarmaIﬁM@GWQ@W@a&%@%OMiH@t@M of claims 1 to 12, characterized in

that it is q‘? with a _base. of S|I|con m rt'cg:HéaE) C(?nocry§t ||Il?8 Si %Orgb o|55| ch Ve{‘fﬁ V\ﬁ:[h a Iayer of
silica or a Tayer o?%flamo%dnql?cfﬁ pg[r) sprlng accor ng o one BIAme 1 1o 12 , C alacten26d in that
it is made wiidramdaseapt dponens, witkeiedrnyloteuts HenibyldasiseThimg.
13.The spiral spring according to one of claims 1 to 12, characterized in that it is made
with a base of silicon, in particular monocrystalline silicon, possibly covered with a
layer of silica or a layer of diamond.
14.The spiral spring according to one of claims 1 to 12, characterized in that it is made

with a base of diamond, obtained by growth, then by deep etching.



