
Case 2486  HIGH-PERFORMANCE LEVER ESCAPEMENT The
present invention concerns a high-output escapement
for a timepiece  including a pallet articulated on a
staff and cooperating with an escapement wheel set
articulated on an arbour, this wheel set comprising a
plurality of teeth spaced apart in  a regular manner
around said wheel set, this pallet comprising an entry
pallet-stone 5 and an exit pallet-stone arranged to
receive alternatively an impulse coming from one  of
the teeth carried by the wheel set and to be used
subsequently as a locking plane  for said tooth. An
escapement answering the definition exposed in the
paragraph above is  known under the denomination of
Swiss escapement lever where each of the pallet- 10
stones receives alternatively an impulse to launch a
balance with which said escapement is fitted, the
escapement wheel set and the pallet being maintained
at  rest while this balance achieves its so-called
supplementary arc freely. The Swiss  lever escapement
is the escapement most commonly used in the watch
industry. In  the majority of the cases its pallet is
equipped with pallet-stones substantially 15 arranged
at equal distance from a line connecting the axis of
the escapement wheel  set to the staff on which the
pallet is articulated, this wheel set comprising a
single  escapement wheel. A Swiss lever escapement
answering the definition exposed in the first
paragraph of this description is described in the
patent document CH-570 644. This  20 document proposes
an escapement with high output. It recalls that the
escapement in a watch is used to transmit the energy
of the driving spring to the balance which acts  as
the regulator of the running of the watch. However the
running precision, and in  particular the sensitivity
of the running of a watch to disturbances, is closely
related to  the energy which can be accumulated in the
sprung-balance system. This energy 25 depends on
several factors, as inter alia, the output of the gear
train and the output of  the escapement. The total
output of the escapement can be divided into an
escapement wheel-pallet output and a pallet-balance
output. In modern watches, the output of the gear
train and the pallet balance output is  more or less
optimized. That is however not the case of the
escapement wheel-pallet  30 output and working on its
improvement corresponds to an increase of the quality
of  



the running of the watch. According to the cited
document, the improvement of the escapement wheel-
pallet output can be done by increasing the energy
which is provided to the balance at  the time of the
impulse given to the pallet-stones of the pallet by
the teeth of the 35 escapement wheel. The same
document shows that this increase in energy is quite
-2- real if the pallet-stone describes a trajectory
which makes, at the point of contact with  the tooth
of the escapement wheel, an angle as small as possible
with the trajectory of  said tooth. This can be
obtained while moving away the entry pallet-stone and
by  bringing closer the exit pallet-stone, which
causes a maximum bringing together of the 5 directions
of displacement of said pallet-stones and the
direction of the displacement  of the teeth of the
escapement wheel. Figure 1 shows by way of example an
escapement drawn according to  principles of the prior
art where the theoretical instantaneous outputs are
clearly  improved compared to a conventional
escapement. One recognizes in particular the 10
driving wheel set 4 in the shape of a single
escapement wheel and the receiving wheel  set 9 in the
shape of a pallet, both turning around their
respective arbour and staff 5  and 3. The escapement
wheel 4 carries teeth 8 which transmit driving energy
to the  entry and exit pallet-stones 6 and 7 of pallet
2, which, via its fork 9, transmits it to the
balance, respectively to impulse-pin 10 of roller 11
of the balance. According to the 15 prior invention,
the entry 6 and exit 7 pallet-stones embrace a number
of teeth 8 at  least equal to the fifth of the total
number of teeth carried by the escapement wheel 4.
Moreover, the entry pallet-stone 6 embraces, starting
from a line 12 connecting  arbour 5 of wheel 4, at
least one tooth 8 more than the exit pallet-stone 7
embraces,  starting from said line. 20 The applicant
of this invention realized that the high output
brought by the  invention of the prior art could still
be increased and that even if the pallet stones of
the pallet are arranged substantially at equal
distance of the line connecting the  arbour of the
escapement wheel set to the staff on which the pallet
is articulated. In  order to achieve this result, the
present invention, in addition to the fact that it
obeys 25 the first paragraph of this description, is
characterised in that the escapement wheel  set
comprises first and second integral and coaxial wheels
including the same number  



of teeth, in that the entry and exit pallet-stones
cooperate respectively with the first  and second
wheels and in that the peripheral radius of the first
wheel is larger than the  peripheral radius of the
second wheel. 30 The invention will now be explained
in detail below in connection with a  preferred
embodiment given by way of example, this embodiment
being illustrated by  the annexed drawings in which: -
Figure 1 is an illustration of the prior art, - Figure
2 is a stylised and schematic plan view of the
escapement according  35 to a preferred embodiment of
this invention, - Figure 3 is a diagram showing the
angle formed by the instantaneous  direction of the
displacement of a tooth of the escapement wheel and by
the -3- instantaneous direction of the displacement of
the entry pallet-stone of the pallet, that  for two
radiuses different from the escapement wheel, and -
Figure 4 is a diagram showing the angle formed by the
instantaneous  direction of the displacement of a
tooth of the escapement wheel and by the  5
instantaneous direction of the displacement of the
exit pallet-stone of the pallet, that  for two
radiuses different from the escapement wheel. A
preferred embodiment of the escapement according to
the present invention  is shown in Figure 2. This
escapement 1 is a stylized and diagrammatic plan view.
It  includes a pallet 2 articulated on a staff 3. The
pallet cooperates with an escapement 10 wheel set 4
articulated on an arbour 5. According to a
characteristic of the invention,  the escapement wheel
set 4 comprises first and second wheels 13 and 14
integral  and coaxial and each including a same number
of teeth respectively designated 15  and 16. Pallet 2
carries an entry pallet-stone 6 co-operating with
teeth 15 of first  wheel 13 and one exit pallet-stone
7 co-operating with teeth 16 of second wheel 14. 15
According to another characteristic of the invention
the peripheral radius R1 of first  wheel 13 is larger
than the peripheral radius R2 of second wheel 14. For
more clarity, Figure 2 shows, on the left, a part of
the wheel 13 whose  teeth 15 cooperate with the entry
pallet-stone 6 and, on the right, a part of the  wheel
14 whose teeth 16 cooperate with the exit pallet-stone
7. These two wheels are 20 of course superimposed as
well as their respective teeth 15 and 16, these teeth



forming pairs comparable to teeth 8 of the single
wheel set 4 of the prior art. Thus, as  in the prior
art and according to a preferred embodiment of this
invention, for at least  an angular position of the
escapement wheel set 4, pallet-stones 6 and 7 embrace
a  number of pairs of teeth 15 and 16 at least equal
to a fifth of the total number of pairs 25 of teeth
carried by wheel set 4 composed of the two wheels 13
and 14. In the same  way, the entry pallet-stone
embraces, starting from a line 12 connecting arbour 5
of  wheel set 4 to staff 3 of pallet 2, at least one
more pair of teeth 15 and 16 of said  wheel set than
the exit pallet-stone 7 embraces, starting from the
aforementioned line.  In the configuration shown in
Figure 2, the escapement wheel set 4 comprising 30
wheels 13 and 14, includes 20 pairs of teeth 15 and 16
and the number of pairs of  teeth 15 and 16 embraced
by pallet-stones 6 and 7 is four, which corresponds
effectively to the fifth of the total number of pairs
of teeth. In the same manner the  example illustrated
in Figure 2 shows three pairs of teeth 15 and 16 on
the left of  line 12 and only one pair of teeth on the
right of this line, so that the entry pallet 35 stone
6 embraces, starting from line 12, at least one pair
of teeth more than the exit  pallet-stone 7 embraces,
starting from this line. -4- As mentioned in the prior
art, in order to improve the angles of transmission of
the force, it is necessary to move away the entry
pallet-stone 6 and to bring the exit  pallet-stone 7
closer, the angle travelled by pallet 2 is larger at
the entry than at the  exit and, to obtain the
favourable inclined planes, one is brought to make the
5 escapement wheel set travel unequal paths during the
functions: larger at the entry,  smaller at the exit
and to use an entry pallet-stone 6 broader than the
exit pallet- stone 7 (11> 12). Replacing the single
wheel of the prior art by two wheels, of which one has
a  larger radius and cooperates with the entry
pallet-stone and the other, of smaller  10 radius,
cooperates with the exit pallet-stone confers to the
assembly escapement wheel-pallet an output higher than
that including the same assembly comprising only  one
single escapement wheel, and that, even if the entry
and exit pallet-stones are  located substantially at
the same distance from the line connecting the arbour
of the  escapement wheel set to the staff on which the
pallet is articulated, as that is the case 15 in a
conventional Swiss lever escapement. It is specified
here that the radiuses of the  



wheels are taken at their periphery and thus include
the ends of the teeth. One will  now explain the
reasons of such an improvement in connection with
Figures 3 and 4. Figure 3 is a diagram of the angle a
formed by the instantaneous direction of  the
displacement of a tooth of the escapement wheel and by
the instantaneous  20 direction of the displacement of
the entry pallet-stone of the pallet, the tooth being
represented in a position corresponding to the end of
an impulse. The trajectory 20 of the teeth of a single
escapement wheel obeying the prior  art is represented
in chain dotted lines and the trajectory 21 of the
entry pallet-stone of  the pallet is represented in
dotted lines. Numeral reference 5 designates the
arbour of 25 the wheel and Numeral reference 3
designates the staff of the pallet. At the point of
impact 22 of the tooth with the pallet-stone, one
finds the instantaneous direction 23 of  the
displacement of the tooth which is a tangent to
trajectory 20 of the wheel. At the  same point of
impact 22, one finds the instantaneous direction 24 of
the displacement  of the entry pallet-stone which is a
tangent to trajectory 21 of the pallet-stone. These
30 directions 23 and 24 form an angle 01. The
trajectory 25 of the teeth of an escapement wheel of
large radius R1 made  according to the invention is
represented in full line and the same trajectory 21 of
the  entry pallet-stone of the pallet is represented
in dotted line. Numeral reference 5 still  designates
the arbour of the wheel and numeral reference 3
designates the staff of 35 the pallet. At the point of
impact 26 of the tooth with the pallet-stone one finds
the  instantaneous direction 27 of the displacement of
the tooth which is a tangent to  trajectory 25 of the
wheel. At the same point of impact 26, one finds the
instantaneous -5- direction 28 of the displacement of
the entry pallet-stone which is a tangent to
trajectory 21 of the pallet-stone. Directions 27 and
28 form an angle 012. It will be noted that the point
of impact 26 is separated from arbour 5 of the  wheel
having the same radius R1 as the radius R1 of the
wheel made according to the  5 invention since, as
mentioned above, the tooth of the wheel is represented
in a position corresponding to the end of an impulse,
at the time when the tip of this tooth  leaves the
pallet-stone. By measuring in Figure 3 the angles a1
and a2 one finds a1=65 and  a2=62. By increasing the
R1 radius of wheel 13 (see also Figure 2), the angle a



10 formed by the instantaneous direction of the
displacement of a tooth of the escapement wheel and by
the instantaneous direction of the displacement of the
entry  pallet-stone of the pallet is narrowed.
However, one recalls here what has been  mentioned in
the preamble of this description, namely that the
energy provided to the  balance is increased if the
pallet-stone describes a trajectory which makes, at
the 15 point of contact with the tooth of the
escapement wheel, an angle as small as possible  with
the trajectory of said tooth. Consequently, decreasing
the angle a causes the  energy transmitted to the
balance to increase and therefore, increases the
output of  the escapement. The same reasoning can be
held in connection with the exit pallet-stone of the
20 pallet, this pallet-stone cooperating with a second
escapement wheel having a radius  R2 smaller than that
of the first wheel. Figure 4 is a diagram of the angle
R formed by the instantaneous direction of  the
displacement of a tooth of the escapement wheel and by
the instantaneous  direction of the displacement of
the exit pallet-stone of the pallet, the tooth being
25 represented in a position corresponding to the end
of an impulse. The trajectory 20 of the teeth of a
single escapement wheel obeying the prior  art is
represented in chain dotted line and the trajectory 30
of the exit pallet-stone of  the pallet is represented
in dotted lines. Numeral reference 5 still designates
the  arbour of the wheel and numerical reference 3
designates the staff of the pallet. At the 30 point of
impact 31 of the tooth with the pallet-stone, one
finds the instantaneous  direction 32 of the
displacement of the tooth which is a tangent to the
trajectory 20 of  the wheel. At the same point of
impact 31, one finds the instantaneous direction 33 of
the displacement of the exit pallet-stone which is a
tangent to the trajectory 30 of the  pallet-stone.
These directions 32 and 33 form an angle (31. 35 The
trajectory 34 of the teeth of an escapement wheel of
small radius R2  made according to the invention is
represented in dotted lines and the same  trajectory
30 of the exit pallet-stone of the pallet is
represented in dotted lines. -6 Numeral reference 5
still designates the arbour of the wheel and numerical
reference 3 designates the staff of the pallet. At the
point of impact 35 of the tooth  with the pallet-stone
one finds the instantaneous direction 36 of
displacement of the  



tooth which is a tangent to the trajectory 34 of the
wheel. At the same point of 5 impact 35, one finds the
instantaneous direction 37 of the displacement of the
exit  pallet-stone which is a tangent to the
trajectory 30 of the pallet-stone. Directions 36  and
37 form an angle 02. It will be noted also here that
the point of impact 35 is separated from arbour 5  of
the wheel having the same radius R2 as the radius R2
of the wheel made according  10 to the invention
since, as mentioned above, the tooth of the wheel is
represented in a position corresponding to the end of
an impulse, at the time when the tip of this tooth
leaves the pallet-stone. By measuring in Figure 4 the
angles R1 and (32, one finds 131=59and (32=42.  Thus
by decreasing radius R2 of wheel 14 (see also Figure
2), the angle (3 formed by  15 the instantaneous
direction of the displacement of a tooth of the
escapement wheel and by the instantaneous direction of
the displacement of the exit pallet-stone of the
pallet is narrowed. However, one recalls again here
what was mentioned in the  preamble of this
description, namely that the energy provided to the
balance is  increased if the pallet-stone describes a
trajectory which makes, at the point of 20 contact
with the tooth of the escapement wheel, an angle as
small as possible with the  trajectory of said tooth.
Thus decreasing the angle (3 causes the energy
transmitted to  the balance to increase and therefore,
an increasing the output of the escapement. It goes
without saying that the improvement due to the entry
pallet-stone is  added to the improvement due to the
exit pallet-stone and that the increase in output  25
has to be understood in a global manner. It will be
noted that the first and second wheels 13 and 14 can
be made in a  single piece as modem technology allows
it. This single piece will of course include a  first
level corresponding to the wheel of large radius and a
second level corresponding  to the wheel of smaller
radius. 30 Finally, it will be noted that to double
the escapement wheel as that is  proposed in the
present invention will double the moment of inertia of
the assembly if  the wheels are made by the
conventional techniques (for example by stamping). To
obviate this disadvantage, one can use modern
manufacturing technologies. One of  these technologies
is called the galvanic growth micro-manufacturing and
is described 35 in the acts of the day of study 2003
of the "Societe Suisse de chronometrie". This  



method enables a great freedom in the choice of the
shape for the part to be  manufactured. The escapement
wheel can then be in the form of a radiant star, -7-
thereby avoiding the conventional felloe which carries
the teeth. The moment of inertia  of the wheel is
therefore decreased. Another possible technology is
the etching  technology. In this case one can use
silicon as the material to be etched which allows
wheels of an extreme lightness to be made. -8- CLAIMS
1. Escapement (1) for a timepiece comprising a pallet
(2) articulated on a  staff (3) and co-operating with
an escapement wheel set (4) articulated on an  arbour
(5), said wheel set comprising a plurality of teeth
(8; 15, 16) uniformly spaced  around said wheel set,
said pallet including an entry pallet-stone (6) and an
exit pallet 5 stone (7) arranged to receive
alternately an impulse from one of the teeth borne by
the wheel set and for acting as a locking plane for
said tooth, characterized in that the  escapement
wheel set (4) comprises first and second integral and
coaxial wheels (13,  14) including each the same
number of teeth (15, 16), in that the entry and exit
pallet- stones (6, 7) co-operate respectively with the
first and second wheels (13, 14) and in 10 that the
peripheral radius (R1) of the first wheel (13) is
greater than the peripheral  radius (R2) of the second
wheel (14). 2. Escapement according to claim 1,
characterized in that the first and  second wheels are
made in a single piece. 3. Escapement according to
claim 1, characterized in that the entry pallet- 15
stone (6) has a width (11) larger than the width (12)
of the exit pallet-stone (7). 4. Escapement according
to claim 1, characterized in that the first and
second wheels (13, 14) are made by galvanic growth. 5.
Escapement according to claim 1, characterized in that
the first and  second wheels (13, 14) are made by
etching. 


