EP 4 471 505 A1

Patent Office

s brvets " (11) EP 4 471 505 A1

(1 9) ’ e "llmlmllHH||m||m|‘|H|‘|H‘lll‘Hll‘|HH||‘|‘|H|H‘"H‘mll‘
Patentamt
0 European

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: (51) International Patent Classification (IPC):
04.12.2024 Bulletin 2024/49 G04B 13/02 (2006.01)

(21) Application number: 23176839.1 (52) Cooperative Patent Classification (CPC):

G04B 13/022
(22) Date of filing: 01.06.2023

(84) Designated Contracting States: (72) Inventors:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB * Mak, Robin
GRHRHUIEISITLILTLULVMC ME MK MT NL 2629 JD Delft (NL)
NO PL PT RO RS SE SI SK SM TR * Helwig, Roemer Michiel
Designated Extension States: 2629 JD Delft (NL)
BA ¢ Yellowhorse, Alden Daniel
Designated Validation States: 2629 JD Delft (NL)
KH MA MD TN ¢ Giuffre, Eola Jessica

2629 JD Delft (NL)

(71) Applicant: Flexous Mechanisms IP B.V.
2629 JD Delft (NL) (74) Representative: De Vries & Metman

Overschiestraat 180

1062 XK Amsterdam (NL)

(54) MECHANICAL PART FOR A MOVEMENT FOR A WATCH

(57) The invention relates to a mechanical part (1) resilient arms (3), and an opening (4) for receiving and
for a movement for a watch, which part (1) is made of a holding a shaft. The distal ends (5) of the cantilevered
brittle material and has at least three cantilevered and and resilient arms (3) define the opening (4).

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 471 505 A1 2

Description

[0001] Theinventionrelatestoamechanical part, such
as a geared wheel, an escape wheel - also known as
escapement wheel -, an anchor, an oscillator, or a mount
for a tuning weight, for a movement for a watch, which
part is made of a brittle material, such as silicon, and has
at least three cantilevered and resilient arms, and an
opening, e.g. a central opening, for receiving and holding
a shaft, such as a rotary shaft. The invention also relates
to a mechanical part with a shaft inserted in the opening
and to a movement comprising a mechanical part ac-
cording to the present invention.

[0002] More specifically, the invention relates to an es-
capement wheel which is mounted on a shaft (axle) via
elastic members, also known as flexures. Traditionally,
escapement wheels are fabricated from metal, but in the
last two decades silicon has proven itself as a suitable
alternative material due to its excellent tribological prop-
erties, low density, and its ability to be manufactured to
extremely high tolerances. However, using silicon intro-
duces challenges in the assembly of the wheel onto the
shaft. Conventional (metal) escapement wheels are as-
sembled onto a shaft by press fitting. Press fitting is not
possible with silicon since the material is too brittle, there-
fore silicon wheels are usually glued onto a shaft with a
diameter slightly smaller than the hole in the wheel. As
aresult, alignment issues are introduced - there are two
critical metrics in the assembly of a wheel on a pinion,
viz. concentricity and tilt -, and a complex new assembly
step (gluing) is needed.

[0003] EP 1991916 A1 relates to a micro-mechanical
part, such as a moving part of a watch movement, pro-
duced from a plate made from a brittle material, such as
glass, quartz or silicon, and includes at least one opening
for driving in a spindle. The part has an opening (numeral
2 in the drawings of EP 1 991 916 A1) alternatively form-
ing zones (8) for rigidification and positioning elastic de-
formation zones (10). The zones (10) are formed by a
tab (12) of the part. The tab is formed of recesses (13,
15) opening into the opening and delimiting the tab whose
end (14) extends above a theoretical contour of a cylin-
drical shaft (5) and provides a locking function when the
shaft is placed.

[0004] CH 717 005 A2 relates to an anchor escape-
ment, in which an escapement wheel and/or an anchor
(6) is springloaded against a shaft (4, 8) and positioned
via a multipoint and rigid support. Also disclosed are an
anchor (6) and an escapement wheel (2), which are each
clamped to a shaft (4, 8). The escapement wheel (2) and
the anchor (6) are preferably made of silicon.

[0005] EP 3 418 815 A2 relates to a mechanical part,
a timepiece having the mechanical part, and a method
of manufacturing a mechanical part that suppresses sep-
aration from and rotation on a staff member of a rotating
member. An escape wheel and pinion (35) as an example
of amechanical parthas a staff member (102); an escape
wheel (101) with a hole (115) to which the staff member
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(102) is inserted, and ribs (112) that extend toward the
staff member (102); and an annular fastening member
(130) that affixes the escape wheel (101) to the staff
member (102). The fastening member (130) is disposed
touching the ribs (112) and deforming to protrude into
the hole (115).

[0006] Itis an object of the presentinvention to simplify
assembly and/or improve accuracy of positioning a ho-
rological part on a shaft.

[0007] To this end, the part has at least three cantilev-
ered and resilient arms, and an opening, e.g. a central
opening, for receiving and holding a shaft, such as a ro-
tary shaft, and the distal ends of the cantilevered and
resilient arms define the opening.

[0008] I.e., when a shaft, such as a shaft with e.g. a
substantially round, oval, or polygonal, e.g. triangular,
square or hexagonal, cross-section, with or without a
notch or protrusion for form lock, has been inserted in
the opening, the shaft will be contacted, clamped, and
held in position exclusively by the distal ends of the elas-
tically deformed, e.g. elastically bent, cantilevered and
resilient arms and, optionally, an adhesive that is added
after insertion of the shaft and positioning of the part on
the shaft. The cantilevered and resilient arms according
to the present invention on the one hand facilitate inser-
tion of the shaft as the arms will resiliently deflect during
insertion and, on the other hand, will clamp and hold in
place an inserted shaft by elastic averaging, which was
found to enable, in principle, almost perfect positioning,
e.g. centring of the part, such as a escape wheel, on the
shaft as well as to reduce or even prevent tilt.

[0009] In an embodiment, the bending stiffness of the
arms, measured at the distal ends and in radial direction
and away from the center, is at least substantially equal
for each of the arms.

[0010] The mechanical properties, such as the modu-
lus of elasticity, in silicon wafers that are commonly used
for MEMS and horological parts, e.g. silicon 100 wafers,
are anisotropic, i.e. direction dependent.

[0011] In an embodiment, the thickness, length, posi-
tion relative to the center of the opening, and/or the shape
of the arms is different between at least two arms. Such
configurations can be used e.qg. to provide a bending stiff-
ness of all of the arms that is at least substantially equal
for each of the arms, also in anisotropic materials, or to
provide a bending stiffness of the arms that is unequal,
e.g. providing a (slight) shift between the center of the
opening before insertion of the shaft and the position of
the opening when the shaft has been inserted and (thus)
the arms tensioned.

[0012] Inanembodiment, the parthas aneven number
of arms, arranged in pairs of arms working in opposite
directions.

[0013] In an embodiment, the arms are configured to
allow a deflection of at least 2 um, preferably at least 5
pm and preferably at least in range from 5 to 50 pm
and/or to generate, upon deflection a force of at least 0.2
Newton (N), preferably at leastin arange from 0.2to 2 N.
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[0014] Inanembodiment, the mechanical partis made
from a material, such as silicon 111, having one or more
isotropic mechanical properties, in particular an isotropic
modulus of elasticity.

[0015] In another embodiment, the arms are evenly
distributed around the opening.

[0016] In an embodiment, the arms extend in a direc-
tion of which the tangential component is larger than the
radial component, as this enables relatively low stiffness
of the arms in the radial direction in a small or compact
space. In arefinement, the arms extend at least substan-
tially tangentially.

[0017] Anotherembodimentcomprises rigid structures
and/or resilient structures, e.g. further resilient arms, lo-
cated radially behind the resilient arms defining the open-
ing.

[0018] Such rigid structures provide stops and/or
shock protection, e.g. preventing the arms from breaking
in case of a severe shock. Additional resilient structures
provide the option of ‘stiffness ramping’, wherein the ef-
fective bending stiffness is relatively low upon initial de-
flection and increases when the arm contact the further
arms, such that deflection beyond that point deflects both
the (central) arms and the further arms.

[0019] To provide alarger area of contact between the
arms and the shaft clamped between them, in an em-
bodiment, the distal ends of the resilient arms are arc-
shaped, preferably in such a way that, after elastic aver-
aging, the arcshapes are concentric with the shaft.
[0020] Inanotherembodiment, atleastone of the arms
comprises a protrusion or recess to provide a form fit
between that arm (and thus the part) and an inserted
shaft, which e.g. comprises a complementary recess or
protrusion, respectively.

[0021] Inanother embodiment, atleast one of the arms
comprises a recess, such as a chamfer or notch, for re-
ceiving an adhesive between that arm (and thus the part)
and an inserted shaft.

[0022] The invention further relates to a mechanical
part with a shaft inserted in the opening. In such a part,
with the shaft inserted, the arms are tensioned and center
the part on the shaft through elastic averaging.

[0023] The invention also relates to a movement for a
watch comprising a base, an energy storage, typically a
mainspring, in particular a spiral spring in a geared barrel,
ageartrain, e.g. comprising a center wheel, a third wheel
(carrying or coupled to the minute and hour hands of the
watch), and a fourth wheel (carrying or coupled to the
second hand) of the watch, to transmit torque and energy
to an escape wheel, an oscillator, and anchor teeth on
an anchor or on the oscillator, which anchor teeth are
controlled by the oscillator to alternately block and re-
lease the teeth of the escape wheel. At least one of the
wheels in the gear train, the escape wheel, the anchor,
and the oscillator is a mechanical part as described
above.

[0024] In an embodiment, the escape wheel has a
torque of less than 300 nanoNewtonmeter, preferably
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less than 200 nNm, preferably less than 150 nNm, and/or
the oscillator (1) has and/or the anchor teeth have an
amplitude smaller than 30°, preferably smaller than 20°,
preferably smaller than 15°, e.g. in range from 3° to 10°,
and/or the oscillator has a natural frequency of 3 Hertz
(Hz) or higher, preferably 4 Hz or higher, preferably 10
Hz or higher, preferably 25 Hz or higher, preferably 35
Hz or higher. In extreme instances, natural frequencies
could be up to 100 Hz or even higher.

[0025] The mechanical part, such as an escape wheel,
may have a thickness smaller than 700 wm, preferably
smaller than 550 pm, preferably in a range from 50 pum
to 500 pm, preferably in a range from 100 pm to 300 wm.
In an embodiment, at least the distal ends of the arms
have a thickness (height) that is larger than the thickness
of the rest or other sections of the part, in particular the
circumference of the part.

[0026] Itis preferred that the mechanical part is mon-
olithic, i.e. made from a single piece, and/or has been
shaped by means of laser cutting or by means etching,
in particular reactive ion etching, such as RIE or DRIE,
and preferably from silicon.

[0027] In general, a cantilevered arm has a supported
end and an unsupported end. Within the framework of
the present invention the distal end refers to the unsup-
ported end of the cantilevered arm. Further, "axial" refers
to the direction along the center of the shaft or horological
part or along the axis of rotation of the part (the latter
typically coincides with the former) and "radial" to a di-
rection pointing along a radius from the center of the shaft
or horological part.

[0028] The invention also relates to a watch, in partic-
ular a wristwatch, comprising a movement as described
above.

[0029] EP 1 331 528 A2 related to a dart (15) that is
press fitted to a fork (14) of an anchor by insertion of a
male component (20) on the dart into a female feature
(30) on the fork. An irregularity (22) ensures that the dart
may only be fitted in one position and that it will remain
there for it's working life. The dart and fork assembly is
made sufficiently flexible to resist breakage during the
pressing operation and are apparently made of metal.
The male and female configurations may be widely var-
ied, e.g. Figures 14 and 15 show a round opening and
three or four resilient and cantilevered arms.

[0030] US 2021/149343 relates to an escape wheel
serving as a watch component that constitutes a drive
mechanism of a watch includes a tooth portion, and a
base mainly composed of silicon. A contact surface
where the tooth portion makes contact with another com-
ponent includes a recess.

[0031] Below, the invention will be explained further,
which reference to the appended figures in which an em-
bodiment of the invention is shown.

[0032] Figure 1 is a top view of an escape wheel ac-
cording to the present invention.

[0033] Figures 2 to 6 are top views of other escape
wheels according to the present invention.
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[0034] Figures 7 and 8 are respectively a top view and
a perspective view of an anchor according to the present
invention.

[0035] Elementsindifferentembodimentsthatare sim-
ilar or identical or that perform a similar or identical func-
tion are referred to by the same reference number.
[0036] Figures 1 and 2 show an escape wheel 1 for
use in an escapement of a watch movement (not shown),
such as disclosed in WO 2019/156552.

[0037] The escape wheel is made from a brittle mate-
rial, e.g. silicon, e.g. etched by means of DRIE from a
100 silicon wafer, and comprises, along its circumfer-
ence, a plurality of teeth 2 that in an escapement coop-
erate with anchor teeth on an anchor or on an oscillator.
l.e., the anchor teeth are controlled by the oscillator to
alternately block and release the teeth of the escape
wheel, in a manner known in itself and not specific to the
present invention.

[0038] The escape wheel has at least three cantilev-
ered and resilient arms, more specifically six arms 3 in
the example shown in Figure 1, and a central opening 4
for receiving a shaft (not shown), which central opening
is defined by the distal ends 5 of the cantilevered and
resilient arms, i.e. the spaces between the distal ends of
the resilientarms are free fromrigid positioning elements,
andthelike. Inthis example, the distal ends of the resilient
arms are arc-shaped and thus define an at least substan-
tially round opening for a round shaft.

[0039] The arms 3 are evenly distributed around the
central opening 4 and extend primarily tangentially. Fur-
ther, the arms are arranged in pairs of arms working in
opposite directions at equal force. More specifically, the
arms of the different pairs exert slightly different forces
as a result of the anisotropy of the material (the arms is
one pair will be slightly stiffer or less stiff than the arms
in another pair), but the opposing arms in a pair exert the
same force in opposite direction, providing effective elas-
tic averaging and ensuring that, when a shaft is inserted
in the central opening, the escape wheel is concentric
with the (imaginary) center line of the shaft.

[0040] Further, the escape wheel comprises rigid
structures 6 located radially behind the resilient arms 3
defining the central opening 4, providing stops for the
resilient arms, in particular to prevent failure during in-
sertion of a shaft or when a severe shock occurs.
[0041] Figure 2 shows a similar embodiment, albeit
with three resilient arms 3 instead of six. The thickness
of the arms is slightly different (not discernible from the
present drawing) to ensure that the bending stiffness of
all three arms is equal.

[0042] Figures 3 and 4 show embodiment provided
with both a rigid structure and a further resilient arms,
located radially behind the central resilient arms defining
the central opening. These configurations provide, in ad-
dition to the tops, ‘stiffness ramping’, e.g. low stiffness
during insertion of a shaft and higher stiffness and thus
stronger elastic averaging and clamping after the shaft
has been installed.
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[0043] Figure 5 shows an embodiment wherein one of
the arms 3 comprises a protrusion 8 to provide a form fit
between that arm 3 and an inserted shaft.

[0044] The part, such as the escape wheel discussed
above, provides self-alignment, for both concentricity
and tilt, reduced sensitivity to fabrication errors compared
with configuration comprising e.g. one flexure urging a
shaft against two rigid points, and simplified assembly.
In principle, the reaction force of the arms (flexures) on
the shaft can be designed high enough so that no glue
is required.

[0045] The advantages, in particular the concentricity
resulting from elastic averaging and suppression of tilt,
provided by the present invention are particularly pro-
nounced in escapements wherein the amplitude of the
anchor teeth is at least substantially equal to the ampli-
tude of the oscillator and/or in escapements with low
torque escape wheels, such as escape wheels having a
torque of less than 300 nanoNewtonmeter, less than 200
nNm or even less than 150 nNm. Torque is typically gen-
erated by a main spring and transmitted via a gear train.
[0046] The inventionis notlimited to the described em-
bodiments and can be varied within the scope of the
claims. For instance, as shown in Figure 6, the distal
ends can be configured to define a triangular opening for
a triangular shaft or to define e.g. a square or hexagonal
opening. Also, as shown in Figures 7 and 8, elastic av-
eraging in accordance with the present invention can be
applied in other horological parts, such as a "Swiss" an-
chor, comprising anchor teeth 9, a fork slot 10, and guard
pin 11.

Claims

1. Mechanical part (1) for a movement for a watch,
which part (1) is made of a brittle material and has
atleast three cantilevered and resilient arms (3), and
an opening (4) for receiving and holding a shaft,
characterized in that the distal ends (5) of the can-
tilevered and resilient arms (3) define the opening

(4).

2. Mechanical part (1) according to claim 1, wherein
the bending stiffness of the arms (3) is at least sub-
stantially equal for each of the arms (3).

3. Mechanical part(1)according to claim 1 or2, wherein
the thickness, length, position relative to the center
of the opening, and/or the shape of the arms (3) is
different between at least two arms (3).

4. Mechanical part (1) according to any one of the pre-
ceding claims, wherein the part (1) has an even
number of arms (3), arranged in pairs of arms (3)
working in opposite directions.

5. Mechanical part (1) according to any one of the pre-
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ceding claims, which is made from a material having
one or more isotropic mechanical properties, in par-
ticular an isotropic modulus of elasticity.

Mechanical part (1) according to any one of the pre-
ceding claims, wherein the arms (3) are evenly dis-
tributed around the opening (4).

Mechanical part (1) according to any one of the pre-
ceding claims, wherein the arms (3) arms extend in
adirection of which the tangential componentiis larg-
er than the radial component.

Mechanical part (1) according to any one of the pre-
ceding claims, comprising rigid structures (6) and/or
resilient structures (7) located radially behind the re-
silient arms (3) defining the central opening (4).

Mechanical part (1) according to any one of the pre-
ceding claims, wherein the distal ends (5) of the re-
silient arms (3) are arc-shaped.

Mechanical part (1) according to any one of the pre-
ceding claims, wherein at least one of the arms (3)
comprises a protrusion (8) or recess to provide a
form fit between that arm (3) and an inserted shaft.

Mechanical part (1) according to any one of the pre-
ceding claims, wherein at least one of the arms (3)
comprises a recess for receiving an adhesive be-
tween that arm (3) and an inserted shaft.

Mechanical part (1) according to any one of the pre-
ceding claims, having a thickness smaller than 700
wm, preferably smaller than 550 pm, preferably in a
range from 50 um to 500 pm, preferably in a range
from 100 wm to 300 wm and/or at least the distal
ends (5) of the arms (3) have a thickness (height)
that is larger than the thickness of the rest or other
sections (2; 3; 6; 7) of the part.

Movement for a watch comprising a base, an energy
storage, a gear train to transmit torque and energy
to an escape wheel (1), an oscillator, and anchor
teeth on an anchor or on the oscillator, which anchor
teeth are controlled by the oscillator to alternately
block and release the teeth of the escape wheel (1),
and wherein at least one of: the wheels in the gear
train, the escape wheel (1), the anchor, and the os-
cillator, is a mechanical part according to any one of
the preceding claims.

Movement according to claim 13, wherein the es-
cape wheel (1) has a torque of less than 300 nanoN-
ewtonmeter (nNm), preferably less than 200 nNm,
preferably less than 150 nNm, and/or the oscillator
(1) has and/or the anchor teeth have an amplitude
smaller than 30°, preferably smaller than 20°, pref-
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15.

erably smaller than 15°, e.g. in range from 3° to 10°,
and/or the oscillator has a natural frequency of 3
Hertz (Hz) or higher, preferably 4 Hz or higher, pref-
erably 10 Hz or higher, preferably 25 Hz or higher,
preferably 35 Hz or higher.

Wristwatch (20) comprising a movement (21) ac-
cording to claim 13 or 14.
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Fig. 3

Fig. 2
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