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Bal ance spring -
nmovenent The present
coll et assenbly for a

spring -

coll et assenbly for a tinepiece
i nvention concerns a bal ance
ti mepi ece novenent,

and nore precisely a bal ahce spring the inner end of
which 5 is attached to a collet that may be driven
onto the shaft of a balance so as to form the

regul ati ng device of the novenent.
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The present invention aims at remedying the above-mentioned drawbacks

of the prior art and, to this end, provides a balance spring — collet assembly

according to the appended claim 1, i.e. a balance spring — collet assembly

comprising a collet and a balance spring attached at its inner end to the collet, the

collet being adapted for mounting on a shaft, the external periphery of the collet

defining abutments against which the inner turn of the balance spring may come to

rest during a shock before the elastic limit of the inner turn is exceeded,

characterized in that said abutments are situated at respective distances from the

center of the_ shaft that increase in the direction of the balance spring from the

inside to the outside starting at the point of junction between the balance spring

and the collet.
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characterized in that said abutnments are situated at
respective distances fromthe 30 center of the shaft
that increase in the direction of the bal ance spring
fromthe inside to the cutside starting at the point
of junction between the balance spring and the
collet. 21221221 1100l 22222 1l e 12112 11113
(11! *159159* 11111111111111111111 *@G00002* 2
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to the angexed, deawings in which: Fi gure 2 shows t he bal ance spring
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timepiece movement according to a first embodiment of the invention comprises a
collet 1 intended to be mounted onto a balance shaft 2, and a balance spring 3
attached at its inner end to collet 1. In the figures, balance spring 3 is represented
partially, only its inner turn being visible.

Collet 1 includes three elastic arms 4 in a triangular arrangement. The
elastic arms 4 define a central equilateral triangular opening 5 the inscribed circle
of which has a slightly smaller diameter than the diameter of a cylindrical or slightly
conical contact surface 6 of shaft 2, such that shaft 2 may be driven into collet 1,
this driving elastically deforming arms 4 outwardly. By virtue of its triangular shape,
the periphery of opening 5 defines three discrete points 7 of contact with shaft 2.
Width L of each of the arms 4 is variable in the manner of the elastic arms of the
collet of document EP 1,637,940 so as to produce a more uniform distribution of
the stresses exerted in a given arm 4 by shaft 2.

The point 8 of junction between balance spring 3 and collet 1 is defined by
one 9c of the three zones 9a, 9b, 9¢ of junction between arms 4. Since collet 1 is
driven onto shaft 2, the inner end of balance spring 3 is rigidly connected with’

shaft 2 and thus follows the oscillating movements of the balance. The outer end
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Collet | includes three elastic arns 4 in a triangular
arrangement. The 20 elastic arns 4 define a centra
equi l ateral triangular opening 5 the inscribed circle
of which has a slightly s¥aller diameter than the

di aneter of a cylindrical or slightly conical contact
surface 6 of shaft 2, such that shaft 2 may be driven
into collet 1, this driving elastically deform ng
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against 55 8?’ sevéra?of th%nadbu%%e?'l];s 10a, 10b, and 10c before the elastic limit
of this inner turn, at any point of this turn including the junction point 8, is
exceeded (Figure 2). When the inner turn is resting against one or several of the
abutments 10a, 10b, and 10c under the effect of a shock, any of the other turns
may come to rest against the turn that precedes it. In this way the risk is reduced
that balance spring 3 may be damaged by breaking when it is made of a fragile
material, or by a permanent deformation when it is made of a ductile material.
Advantageously, starting at the point 8 of junction between balance spring 3
and collet 1, the distances or radii Ra, Rb, and R¢ increase in the direction D of
winding of balance spring 3 from the inside to the outside, so as to take into
account the fact that the radius of the inner turn of balance spring 3, like that of all
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junction of the elastic arnms 4, and thus are arranged
in a substantially regular 15 angul ar distribution.
These abutnments 10a, 10b, and 10c are at distances Ra,
Rb, and Rc, respectively* fromthe center 0 of shaft
2 in the plane of collet 1, and nore precisely have
the shape of circular arcs with center 0 and radii Ra,
Rb, and Rc, respectively The di stances or radii Ra,
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safety factor (ratio between the maximum elastic deformation and the elastic
deformation when the inner turn is resting against an abutment 10a, 10b or 10c) of
more than one or of one. The said percentage preferably is substantially the same
for all abutments 10a, 10b, 10c. In an exemplary realization of the invention, said
percentage is about 50 % (safety factor of about two), while the percentage of
deformation of the inner turn during normal operation of the balance spring relative
to the maximum elastic deformation of said inner turn is about 25 %, for a pitch of
balance spring 3 of about 93 ym and a thickness or width of the turns of balance
spring 3 of about 30 um.

In a simplified variant of realization based on a linear approximation of the

inner turn’s deformation as a function of position on this turn, distances Ra, Rb,
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These di stances Ra, Rb, and Re are determ ned by
defining a certain nunber of radial forces F oriented
toward center O, by calculating, by the method 10 of
finite elenents for exanple, the maxi mum el astic
deformation that the inner turn may undergo under the
action of each of the radial forces F, and by
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Tan ’présbént?r?vdention is in no way limited to the embodiments described
above. Itis evident in fact that modifications could be made without leaving the
scope of the invention claimed. For instance, opening 5 of collet 1 into which shaft
2 is driven could have a shape other than triangular, such as another polygonal
shape, regular or irregular, defined by a number of elastic arms of more than
three. In another variant, the collet could take the shape of a split ring having radial
projections defining the abutments. In still another variant, the abutments could be
contiguous rather than discrete, more particularly, a large continuous segment of
the collet's external periphery could serve as the abutment. The external periphery
then would have a shape similar to that of the inner turn, that is, a radius that
increases in the winding direction D of the balance spring from the inside to the



rc of the inner turn at rest, i.e of the distances

bet ween points 3a, 3b, 3c and the center 0. For a
pitch of bal ance spring 3 of about 93 pm and a
thickness or width of tife turns of bal ance spring 3
of about 30 pm said percentage is for instance 5
about 90 % It can thus be seen that, by virtue of the
fact that distances Ra, Rb and Re increase in
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cutouts.ngnner, irrespective of the direction of said shock,
W t hout perturbing the normal operation of the
regul ati ng device fornmed by the balance and bal ance
spring, even if the anplitude of the oscillations of
the bal ance is |large. Figure 3 shows anot her
enbodi nent of the invention where collet 1 includes,
in addition to abutnments 1 Ga, 1 Ob, 10c defined by
the zones 9a, 9b, 9c of 15 junction between arns 4,
abutnments 10d, 1Ce, 1O defined by elenents 11
radially projecting fromthe outer side of arns 4 in
the central region of said arms 4 in contact with
shaft 2. Like abutnments 10a, 10b, 1 Cc, said abutnents
1 O, 10e, 1 O are circular arcs with centers at
center 0 of shaft 2. The respective distances Ra to
Rf between abutnments 10a to 1 OF and center 0O increase
in the direction D of the 20 bal ance spring fromthe-
inside to the outside starting at point 8 of junction
bet ween bal ance spring 8 and collet 1, in other
words, Rd < Ra < Re < Rb < Rf < Re. The present
invention is in no way limted to the enbodi nents
descri bed above. It is evident in fact that
nodi fi cati ons could be made wi thout |eaving the scope
of the invention clained. For instance, opening 5 of
collet 1 into which shaft 25 2 is driven could have a
shape other than triangular, such as another polygona
shape, regular or irregular, defined by a nunber of
elastic arnms of nore than three. In another variant,
the collet could take the shape of a split ring having
radial projections defining the abutnments. In stil
anot her variant, the abutnents could be
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contiguous rather than discrete, nore particularly, a
| arge continuous segnent of 30 the collet's externa
peri phery could serve as the abutnent. The externa
peri phery then woul d havé a shape simlar to that of
the inner turn, that is, a radius that increases in
t he w ndi ng direction D of the bal ance spring fromthe
inside to the 6 outside starting at the point of
Cilainst i on between the bal ance spring and the collet.
“Tnthis case the external periphery could be defined
by a frame surrounding the elastic arns or it could
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Balance spring — collet assembly according to claim 1 or 2, characterized in
that the abutments (10a, 10b, 10c) are formed by discrete segments of the
external periphery of the collet (1).

Balance spring — collet assembly according to claim 3, characterized in that
the number of said abutments (10a, 10b, 10c) is at least three.

Balance spring — collet assembly according to claim 3 or 4, characterized in
that the abutments (10a, 10b, 10c) are arranged according to a substantially
regular angular distribution.

Balance spring — collet assembly according to any one of claims 3 to 5,
characterized in that the abutments (10a, 10b, 10c) are substantially circular
arcs having as their center the center (O) of the shaft (2).
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10.

20 that the abutnents (1 Ga, 1Cb, 1 Cc) are forned by
di screte segnents of the external periphery of the
collet (1). 4. Balance spring - collet assenbly
according to claim3, characterized in that the
nunber of said abutnments (10a, 10b, 10c) is at |east
three. 25 5. Bal ance spring - collet assenbly
according to claim3 or 4, characterized in that the
abutnments (1 OGa, 1 Cb, 10c) are arranged according to
a substantially regular angular distribution. 30 6.
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Balance spring — collet assembly according to any one of claims 1 to 8,
characterized in that each of said distances (Ra, Rb, Rc) is a percentage of
the radius (ra, rb, rc) of the inner turn of the balance spring (3) atrest at a
point (3a, 3b, 3¢) of said inner turn facing the corresponding abutment (10a,

- 10b, 10c), said percentage being substantially the same for all of said

distances (Ra, Rb, Rc).
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the deformation of the 20 inner turn of the bal ance
spring (3) at said point (3a, 3b, 3c) be a certain
per cent age of the maxi num el astic deformati on that the
inner turn may undergo at said point (3a, 3b, 3c),
sai d percentage being substantially the sane for al
of said distances (Ra, Rb, Rc). 25 10. Bal ance spring
Balarfcd! 4pin | | Q ' to
Lo e g SR s AR e e Sy of ot o
chagactegized 1g thatjbiscf mnegriecs consteuctmai.us (ra, rb, rc) of
the inner turn of the balance spring (3) at rest at a
point (3a, 3b, 3c) of said inner turn facing the
Baigficessniingdt aefletlassembly dd@mding16mnyldde of claints 1 to 11,

i Lally .t ane for | of

RSO 7 DA AR BRL b Matfiafal B Rotcipable ofpipstie
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