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TITLE OF INVENTION

The present invention relates to a coupling device
between a source of mechanical energy and a generator of
electrical_energy in a timepiece comprising an arbor
driven by said source of mechanical energy and a
cylindrical element fixedly and coaxially mounted on the
arbor.

Such a coupling device is known from US-A-4 644 246
for supplying current to, in particular, a timepiece. The
latter comprises an a.c. generator, a rechargeable battery.
and a charging system interposed between the generator and
the battery, the generator comprising a multipolar rotor
carrying permanent magnets and a stator provided with
windings supplying the a.c. current. An eccentric mass
drives the rotor. The rotor, the stator and the mass are
coaxially mounted. The coupling between the mass, i.e. the
source of mechanical energy, and the rotor of the
generator of electrical energy consists, at least in one
described embodiment, of a balance-spring having one of
its ends attached to a cylindrical element forming part of
the pivotal arbor of the eccentric mass and its Gther end
attached to a cage carrying the generator's rotor. When at
rest, the rotor is magnetically restrained by the stator,
which constitutes a certain positioning torque. When the
mass starts to turn, it tensions or winds the balance-
spring around the cylindrical element until the energy
that has been accumulated by the spring exceé&ds the energy
for positioning the rotor in relation to the stator. From
then onj the rotor is released and pivoted at a fast speed
until exhaustion of the kinematic energy that is stored by
the spring, the generator then producing a high
electromotive force to charge the battery.

However ingenious it may be, the above proposed
arrangement suffers from several drawbacks. Firstly, the
system is incessantly subjected to repeated shocks. The
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balance-spring, which is welded on the one hand to the
cylindrical element and on the other hand to the cage that
bears the generator's rotor, is put to contribution both
at the beginning of a spring winding action (abrupt
starting of the eccentric mass) and at the end of an
unwinding action of the same spring (abrupt stoppage of
the rotor when the spring has fully unwound). These
phenomena cause intense strain on the inner and outer
pinning-points of the balance-spring, leading to rapid
breakage. Moreover, it has been found that once the energy
stored by the spring has been fully returned to the rotor,
i.e. when the spring is fully unwound, the rotor abruptly
stops turning, whereas it could carry on turning under its
momentum and thus restore its own kinematic energy.

To overcome the above drawbacks, the present
invention is characterized in that the said cylindrical
element is surmounted by a tube mounted for free rotation
about said arbor and arranged to drive said generator, a
helical spring being mounted with a friction-tight fit on
the cylindrical element and on the tube by its first turns
and last turns respectively, a space being provided
between said tube and cylindrical element and the middle
turns of said spring. _ :

The invention will now be understood from a.reading
of the followiﬁg description given by way of example and
which is illustrated by the drawings in which :

~ Figure 1 is a partial section in a mechanism
using the coupling device according to the invention, and

- Figure 2 is a section of the actual coupling
device according to one embodiment of the invéntion.

The coupling device 1 according to the invention lies
between a mechanical energy source 2 and an electrical
energy generator 3 as may be seen in Figure 1. In the
chosen example, the mechanical energy ‘source 2 is an
oscillating eccentric mass of the kind found in self-
winding mechanical watches. The invention is not of
course limited to this particular mass, but could be
extended to other sources of mechanical energy. As for



the electrical energy generator 3, it consists of a
magnetized rotor 33 borne by an arbor 27. When rotating,
the rotor produces magnetic flux variations on a winding
34 arranged in a flux return casing 40. The casing is
secured in a plate 32 of the watch. The a.c. current
collected at the terminals of the winding 34 is intended
to charge an accumulator of the gold cap type for example,
via a conventional rectifier. In turn, the accumulator
supplies a quartz oscillator, a frequency divider and a
stepping motor as is well known in electronic watches.

In seif—winding timepieces the oscillating mass has a
bidirectional motion which needs to be made unidirectional
to wind up a barrel spring. Generally this oscillating
mass pivots at the center of the movement, coaxially with
the hands, and is supported by a ball bearing of which a
part 41 is shown in Figure 1l: To this mass is secured a
wheel 30 whose teéth mesh with a first ratchet wheel 13.
The wheel 30 also meshes with a second ratchet wheel 14 as
outlined in broken lines in Figure 2. The first ratchet
wheel 13 (see Figures 1 and 2) cooperates with a first
driving disc 50 force-fitted on an arbor 4 driving the
coupling device 1 according to the invention. The second
ratchet wheel 14 (outlined in broken lines in F%gﬁre 2)
cooperates 'with a second driving disc 51 directly meshing
with the first disc 50. In this system, when the mass
driving the wheel 30 rotates in one direction, it is the
first ratchet wheel 13 that drives the first disc 50
clockwise, whereas if this mass rotates in the other
direction, it is the second ratchet wheel 14 that drives
the second disc 51 anti-clockwise, this secofd disc 51 in
turn causing the first disc 50 to turn clockwise. The
arbor 4 thus always turns in the same direction whatever
may be the direction of rotation of mass 2. This system is
well known in the state of the art and a reader wishing to
know more would benefit from reading B. Humbert's book
entitled “La montre suisse & remontage automatique* ("The
Swiss Self-winding Watch") published by Edition Scriptar,
Lausanne 1955, pages 198 to 202.
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Reverting now to the actual invention, illustratéd on
a larger scale in Figure 2, it will be observed that a
cylindrical element 5 is fixedly and coaxially mounted,
e.g. force-fitted, on the arbor 4 which is driven as
explained earlier. The cylindrical element 5 is surmounted
by a tube 6 arranged to rotate freely about the arbor 4.
The freedom of tube 6 is provided by two jewels 23 and 24
force-fitted in the tube and whose central hole is freely
fitted on the arbor 4 which is arranged to drive the
generator 3 (Figure 1l). As clearly shown in Figure 2, a
helical sb}ing 7 is mounted with a friction-tight fit on
the cylindrical element 5 and on the tube 6 by its first
turns 8 and last turns 9 respectively. Figure 2 further
shows that a space 10 is provided between the tube and the
cylindrical element, on the one hand, and the central
turns 11 of spring 7, on the other.

In the example illustrated in Figure 2 the generator
is driven by a wheel 15 having a large diameter. This
wheel is solid with tube 6. The teeth 26 of wheel 15 mesh
with a pinion 25 borne by the arbor 27 of generator 3. As
may be seen in this same Figure, the arbor 4 of the
coupling device pivots between the plate 32 of the
movement gnd a bridge 31 borne by the latter. In faéf, the
‘coupling dédvice operates as follows: ‘

When the arbor 4 rotates (unidirectionally as
mentioned; earlier), it draws with it the first turns 8 of
spring 7, which are wrapped round the cylindrical element
5 with a friction-tight fit and wound in a direction
tending to tighten this fit still further, causing them to
rotate therewith. As the tube 6 is restrained from
rotating by the torque for magnetically positioning
generator'B, the last turns 9 of spring 7 that are wrapped
round the tube with a friction-tight fit tighten still
further around the latter, thereby tensioning the spring 7
in the region of its central turns 11 which contract and
reduce their diameter hence to accumulate the energy
developed by the source of mechanical energy issuing from
the oscillating mass. As soon as the torque stored by the
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spring 7 exceeds the torque for positioning the generator
3, the latter starts to rotate at great speed, being
driven by the wheel 15 that is solid with the tube 6. The
generator will carry on rotating until the potential
energy stored in spring 7 is exhausted, whereupon it will
still carry on rotating for a few more turns since, after
this exhaustion, the spring 7 has a tendency to slip in
the region of the first and last turns 8 and 9, thereby
enabling the generator 3 still to release the kinetic
energy picked up by its rotor 33.

Tt will become apparent that this device not only is
exempt from shocks (the spring 7 is not fixed to anything)
thus imparting thereto a long life, but is furthermore
able to restore the energy that it receives almost
entirely since efficiencies of about 98% have been
measured. It is in fact a highly advantageous device that
enables, on the one hand, a coupling action and an
uncoupling action between a source of mechanical energy
and a generator of electrical energy and, on the other
hand, a virtually full restitution of the energy stored by
the mechanical energy source.

The proposed device also makes it possible to
transform the relatively slow speed of the mechanical
energy source (about 240 rpm) into a very faét.speed
(about 15000 rpm), something that is favourable to the
overall efficiency of the generator. It should be noted
that the large increase in speed generated by the ratio
between the number of teeth on the pinion 25 of the
generator's arbor and the number of teeth 26 on the large
wheel that forms a unit with the device accérding to the
inventiqn, contributes in a large measure to this high
speed. It should also be noted that the generator is
always driven at the same speed as it is only released
when its positioning torgque is less than the mechanical
torque stored by the spring. This has the advantage of
ensuring a constant efficiency as the generator always
restores the same amount of energy.



As can be seen in Figure 2, which illustrates an
embodiment of the invention, the helical spring has
central turns 11 having a diameter greater than the first
and last turns 8 and 9, which first and last turns have a
substantially constant diameter. As a result the outer
diameter 16 of tube 6 and the outer diameter 18 of the
cylindrical element 5 are also substantially the same. In
this way the manner of making the spring 7 is simplified.

Still in Figure 2, it will be observed that the tube
6 is stepped with at least two different diameters, the
first, 16,‘-receiving the last turns 9 of spring 7 and the
second, 17, which is smaller, penetrating at 1least
- partially inside the cylindrical element S which is shaped
like a cup, the outer diameter 18 of the said cup
receiving the first turns 8 of spring 7. In this stepped
arrangement, it would be possible to imagine a spring 7
having a constant diameter from top to bottom since a-
space 10 would always be provided between the lower
portion 45 of tube 6 and the central turns 11 of spring 7.
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1. A coupling device (1) between a source of
mechanical energy (2) and a generator of electrical energy
(3) in a timepiece comprising an arbor (4) driven by said
source of mechanical energy and a cylindrical element (5)
fixedly and coaxially mounted on said arbor, characterized
in that the said cylindrical element (5) is surmounted by
a tube (6) mounted for free rotation about said arbor (4)
and arranged to drive. said generator, a helical spring (7)
being mounéed with a friction-tight fit on the cylindrical
element and on the tube by its first_turns'(8) and last
turns (9) respectively, a space (10) being provided
between said tube and cylindrical element and the central
turns (l11l) of said spfing. '

2. A device as in claim 1, characterized in that the
helical spring (7) Ehas central turns (11) having a
diameter greater than the diameter of said first turns (8)
and last turns (9), said first and last turns having a
substantially equal diameter.

3. A device as in claim 1, characterized in that the
source of mechanical energy is an oscillating mass (2)
driving the arbor (4) in a unidirectional direqtion by
means of a”system (12) including ratchet wheels (13, -14).

4. A device as in claim 1, characterized in that the
electrical energy generator (3) is driven by a wheel (15)
of large diameter solid with said tube (6).

5. A device as in claim 1, characterized in that the

~ tube (6) is stepped with at least two different diameters,

the first (16) receiving the last turns (9) bf the spring
(7) and .the second (17), of smaller size, penetrating at
least partially into the cylindrical element (5) which is
shaped like a cup, the outer diameter (18) of said cup
receiving the first turns (8) of said spring (7).
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