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COMPLETE SPECIFICATION

Improvements in or relating to a Machine for Cutting Toothed
Wheels

We, CENTRE ELECTRONIQUE HORLOGER
S.A., of 2, rue Breguet, Neuchatel, Switzer-
land, a Swiss company, do hereby declare the
invention, for which we pray that a patent
may be granted to us, and the method by
which it is to be performed, to be particularly
described, in and by the following state-
ment: —

This invention is concerned with a machine
for cutting toothed wheels, and in particular
small gears such as those employed in the

watch making industry.

Cutting machines presently used are rotat-
ing machines, the cutting tool consisting gen-
erally of a diamond being driven by a shaft
turning in bearings. The assembly has a
certain play which is necessary for the moving
of the rotating pieces with respect to the
fixed pieces on which they are supported.
Despite all the care and the precision used
in making machines of this type, it is prac-
tically impossible to cut, for example, a
ratchet such as that used in certain electronic
watches having 360 teeth and a depth of
0.02 mm with sufficient precision because
the play of the different moving members
causes the shaft to oscillate thereby causing
disturbing vibrations extending to the entire
machine,

It is intended to use machines without
bearings and shafts, that is without elements
having a rotational movement in which the
cutting tool is vibrated ultrasonically by
means of an electromagnetic or magnetostric-
tive transducer.  Because of the frequency
used by these machines, the amplitude of
the cutting tool is too small and such machines
do not permit the accurate cutting of a
toothed wheel because during passage from
one tooth to the next tooth, the cutting tool
must be moved in order to permit the ad-

[Price 4s. 6d.]

vance of the wheel. In addition, the ad-
vance of the cutting tool must take place
according to conventional methods.

According to the main aspect of the pre-
sent invention there is provided a machine
for cutting teeth in a wheel of small dimen-
sions, characterised by the fact that the cut-
ting movement and the advance of the cut-
ting tool are effected by a mechanical oscil-
lator, the oscillation of which is electrically
maintained. ]

The accompanying drawings, show by way
of example, one embodiment of the present
inventjon.

Figure 1 shows a perspective view of the
machine;

Figure 2 shows a schematic diagram in-
cluding the electronic control circuit;

Figures 3a, 356 and 3¢ are detailed views
showing the electro-dynamic oscillation main-
taining coils;

Figure 4 shows the support for the wheel
to be cut;

Figure 5 shows a cross-sectional view of
the wheel to be cut;

Figure 6 shows a front view of the wheel
to be cut;

Figure 7 shows a cut diagram,

The machine consists essentially of a base
1 which is very heavy and very rigid with
tespect to the mass of the tool and of the
wheel to be cut. A mechanical oscillator
consisting of a tuning fork 2 is secured by
four screws on a base 3 borne by the base
1. Branch 2a of the tuning fork bears cut-
ting tool 4 at its end 2¢, while branch 2&
merely dynamically balances the oscillating
system.  Two magnet systems 5a¢ and 6a,
and 556 and 6b respectively are secured in
each of branches 2a and 25 and cooperate
respectively with a coil 7 and 8 to maintain
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the oscillation of the tuning fork.  The
polarity of the magnets is such that branches
2z and 2b can oscillate in counter phase in
a horizontal plane as well as parallel to a
vertical plane, as will be described later in
detail.

Energizing coils 7 and 8 comprise a single
winding consisting of a cut copper plate and
are shown in detail on Figure 3 wherein Fig-
ure 35 and Figure 3¢ are cross sections taken
along the lines 36—3b, 3c—3c¢ respectively
in Figure 3a.  Figures 3a, b and ¢ also show
transformers 24 and 25 which are known
under the name of Ferroxcube transformers,
and which comprise an armature and a rigid
iron core 24a and 25a respectively which
pass through each of the coils formed by the
portions 7a and 8z of windings 7 and 8
forming the secondary winding of the trans-
formers. These transformers are highly
efficient high-frequency transformers contain-
ing ferromagnetic elements composed of iron
oxide or iron ferrites sold by Phillips & Co
under the trade marked name of Ferroxcube.

The wheel 9 to be cut is secured at the
end of a steel rod 10 which prolongs the
axis of toothed wheel 11 which is the replica
of the wheel to be cut and which for that
reason has the number of teeth that one
wishes to cut.  This wheel is braked but can
turn by the action of very hard tempered
steel rod 12 unitary with piston 13 electro-
magnetically controlled by device 14. This
device is shown in detail on Figure 4. Block
15 and rod 16 forms a very rigid assembly
serving to maintain the wheel to be cut abso-
lutely fixed as will be described later in con-
nection with Figures 4, 5 and 6.

Branch 2b also bears on its external
lateral surface a magnetized bar 17 fitting
in a coil 18 serving as a pick-up coil in order
to maintain oscillation in known manner.

Figure 2 shows the electrical circuit for
the maintenance and the control of the tun-
ing fork oscillations.  The tuning fork 2
is again shown schematically in the branches
2a and 2b of which are mounted the pairs
of magnetized bars Sa and 5b, 6a and 6b.
The space between the magnetized bars and
the bottom of the mounting slots is filled by
a brass mass 70a, 705, 80a and 805 in order
to increase the rigidity of the assembly. The
portions 7z and 8a of coils 7 and 8 which
cooperate with the magnetized bars form
the secondary windings of the two Ferrox-
cubes transformers 24 and 25. The prim-
ary windings 245 and 25b of these trans-
formers are linked to the terminals of the
power amplifier 21 and 23 respectively, both
receiving a pre-amplified voltage from pre-
amplifier 19 linked by cable 20 to pick-up
coil 18. In order that the output voltage
of the two amplifiers be out of phase by 90°
with respect to one another, a dephasing cir-
cuit 22 is inserted between amplifier 23 and

pre-amplifier 19.  Amplifier 21 is fed by a
direct voltage source of 22V, while amplifier
23 is fed by a variable voltage coming from
the cutting control circuit 30.

Circuit 30 comprises an RC member con-
sisting of resistance 26 in series with capa-
citor 27 connected between a direct current
source at —50V and earth. The time con-
stant of member RC is calculated in such
a way as to obtain an exponential charging
curve increasing from ¢ to —16V in */20 of
a second. The connecting point 35 of capa-
citor 27 and resistance 26 is linked to. a
threshold circuit 28 delivering a signal when
its voltage reaches —16V, this signal oper-
ating a first monostable relay 29 which de-
livers an impulse during */30 of a second
and abruptly discharging the capacitor
through the link 31 and maintaining it dis-
charged during this impulse, at the end of
which the rear flank of the impulse triggers
a second identical monostable relay 34 which
maintains capacitor 27 discharged during a
second period of /30 of a second. Point
35 is linked also to direct current power-
amplifier 36 serving as the variable voltage
source feeding amplifier 23 via switch 32.
The signal of relay 29 is also applied to a
power amplifier 33 controlling the electrody-
namic feed device 14, Fig. 4. '

The machine functions as follows:

The tuning fork being at rest and the cir-
cuits under a voltage, the vibration of the
tuning fork is provoked either by a slight
direct shock or indirectly by an auxiliary
vibration and the branches 2a and 2b vib-
rate naturally out of phase in a horizontal
plane. The frequency of horizontal oscilla-~
tion of the tuning fork is of 700 cps. The
pick-up coil 18 is thus subjected to a vari-
able flux of 700 cps.
transmitted to pre-amplifier 19 which am-
plifies it and distributes it to the two power
amplifiers 21 and 23. The circuit voltage
of amplifier 21 feeds through transformer
24 the copper coil 7 having a very low im-
pedance through which passes an alternating
current.

The output voltage of pre-amplifier 22 is
fed, after 2 dephasing of 90° with respect
to the voltage applied to amplifier 21, to
amplifier 23, which when switch 32 is open
does not deliver any output voltage. When
switch 32 is closed, a saw tooth feed voltage
is applied to amplifier 23, which sets up
alternating current having a variable ampli-
tude at 700 cps in coil 8. It should be
noted that magnetic circuits 6a and 66 are
opposed so that when branch 2e is attracted

downwardly, branch 25 is pushed upwardly.’

The two branches oscillate in opposite phase
in two parallel vertical planes so that the
oscillating system is also dynamically balanced
vertically. The superimposition of hori-
zontal and vertical oscillations, out of phase

Voltage in coil 18 is
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by 90°, drive the branches of the tuning
fork in elliptical trajectories, 37, Fig. 2, as
is well known. The saw tooth feed cur-
rent is produced by the progressive charge
and the abrupt discharge of capacitor 27.
The capacitor is charged through resistance
26.  As the voltage at point 35 increases,
the feed voltage of amplifier 23 increases also
and consequently so do the vertical oscilla-
tions of the tuning fork. The vertical dia-
meter 376 of ellipse 37 described by the
branches increases progressively to atfain a
first intermediate value at which the dia-
mond 60, Fig. 6, fixed to end 2¢ contacts the
periphery of the wheel to be cut and the cut-
ting of the wheel begins, the diamond pene-
trating at each passage more deeply into the
wheel until the desired depth of the tooth
is reached, corresponding to a voltage of
—16V at point 35, a voltage which triggers
threshold circuit 28 which in turn triggers
relay 29 occasioning the abrupt discharge of
capacitor 27 through link 31.  The voltage
at point 35 falls to a very small value and
the vertical oscillation of the tuning fork
ceases.  The condenser is now discharged
for */15 of a second by relays 29 and 34,
This pause is used to bring about the auto-
matic advance of the wheel to be cut. To
this effect, the /30 of a second’ signal issu-
ing from relay 29 via amplifier 33 triggers
the advance device 14 which at the end of
/10 of a second drives wheel 11 by releas-
ing the pistenn 13, Fig. 4. The vertical
oscillation of the tuning fork must be com-
pletely damped at the end of */30 of a sec-
ond. It is necessary to indicate that the
vertical oscillation frequency of 700 cps must
not coincide with the resonance frequency of
each of the vertically-oscillating branches of
the tuning fork. The ideal is that the 700
cps should be as far as possible from the
resonance, that is to say that there should
be a dephasing of 90° with respect to the
resonance.  But the force necessary to drive
the branches would have to be very great
which  would excessively heat the copper
winding 8. It is necessary then to com-
promise between the dephasing of 90° and
the maximum force permissible.  The inter-
mediate dephasing can be adjusted by filing
more or less the branches 2a¢ and 25 at the
spots 2d and 2c. The damping of the ver-
tical oscillations is however rapid enough so
that there is no danger of driving the wheel
to be cut too soon. The second relay 34

_introduces a second pause of 1/30 of a sec-

ond succeeding immediately the first in order
to enable pawl 12 of the advance device 14
to reach the end of its course whereupon relay
34 returns to its rest position enabling capa-
citor 27 to become recharged through resist-
ance 26 and the procedure is repeated for
each tooth cut.

The device controlling the advance is

shown on Figure 4. The device 14 com-
prises a piston rod 13 carrying a pawl 12
made of hardened tempered steel, a coil 40
surrounding a soft iron core composed of
two parts of which one 41 is fixed to the
base, and the other 42 is fixed to the piston
rod 13 and can move therewith in the open-
ing of the coil. The external magnetic cir-
cuit is formed by a soft iron socket 44 secured
to core 41, an air gap 43 being provided be-~
tween cores 41 and 42 and kept open by
spring 45 acting on piston 46 carried by rod
46 and located in an oil bath 47. ~ The
motion: of the piston 46 is braked by the oil
bath 47 on both sides thereof the oil being
forced through the piston through various
holes 48. When the device receives the
“/30 of a second’ current impulse from power
amplifier 33, core 42 is attracted by core
41 compressing spring 45. At the end of
*/30 of a second, thus during the impulse
of the second relay 34, the spring unwinds
pushing back piston 46. It is thus not elec-
tromagnetic energy which makes pawl 12 ad-
vance but the energy of spring 45. The
force exerted on piston rod 13 is only limited
by the mechanical resistance of device 14,
so that this force can be very great so as to
actuate pawl 12 in a very short time, despite
the resistance of the oil.  The spring action
is such that pawl 12 drives ratchet 11 with
a uniform and flexible push which does not
risk. damaging the teeth. ]

Wheel 11 is braked by a cruciform spring
49, of which the branches bear on the sur-
faces of the wheel 11.  The latter has a
sufficient diameter so that there may be cut
therein by a classical procedure a large num-
ber of teeth with great relative precision such
as 240 teeth. ‘The wheel is cut away so
that its moment of inertia is as small as pos-
sible.  Its axis is prolonged by the cylin-
drical steel rod 10 at the end of which is
secured the wheel 9 to be cut. The end
of this rod 10 is perfectly cylindrical and is
maintained in a slightly bent position under
the pressure of rod 16. The position of
rod 16 is longitudinally adjustable by a screw
(not shown) and laterally by screw 50 exert-
ing pressure on the overhanging extremity of
the rod and deforming it elastically.

The details of the securing of the wheel
to be cut and of the adjustment of this posi-
tion are shown in Figures 5 and 6.

Figure 5 shows a cross-section of the end of
the rod 10, the diameter of which is slightly
less than the diameter of the wheel 9 to be
cut. ~ The latter is secured to rod 10 by
its axle 9a, which fits exactly in a bore 52
of the same diameter of the axle and is per-
fectly coaxial to rod 10. Wheel 9 is axially-
maintained by spring 53, pivoted on base
15 and provided at its end with a ruby plate
54 bearing on pivot 9¢c of the axle, A re-
cess 55 is provided in the end of rod 10
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in order to receive pinion 94 of the wheel
to be cut. The end 51 of the rod 10 is
machined along a conical or concave surface
so that wheel 9 rests only on a perfectly
plane circular edge 56.

Figure 6 shows the same assembly viewed
from the front, without spring 53.  The
end 2¢ of branch 2a of the tuning fork car-
ries the cutting tool 4 a thermosetting resin.
The latter is formed by a diamond 60 glued
preferably with to a small support 65 itself
secured on the tuning fork.  The support 65
is made as light as possible so as not to un-
balance the tuning fork, but it is evident that
it must be perfectly rigid. In the present
example, the teeth to be cut have flanks in-
clined at 45°, so that the diamond cutting
edge has an angle of 90°, the bisector 66 of
this angle passing through the axis of the
wheel to be cut.  As indicated above, the
position of wheel 9 is maintained laterally
by rod 16, which bears on rod 10 by two
balls 63 and 64 made of hardened polished
steel or rubies mounted in the two surfaces
61 and 62 at right angles to each other so
that contact points between the balls 63, 64
and rod 10 are located respectively on hori-
zontal and vertical lines passing through the
axis of the wheel. The surface of rod 10
is exactly concentric with the axis of bore
52, Figure 5, and is hardened so that the
wear at the point of contact with the balls
is reduced to a minimum. In the example
shown, the wheel receives 240 teeth having
a depth of 0.014 mm and 2 length of 0.02
mm. The diameter of the wheel is 1.5 mm
and its thickness is 0.03 mm.

On Figure 7 is shown a control diagram
of the machine which is also a graph of the
cutting.  The ordinate is calibrated both
for the voltage Uc of capacitor 27 and also
for the advance of diamond d, while on the
abscissa is given the time £  The origin %
is selected arbitrarily at the beginning of the
charge of capacitor 27. The latter charges
progressively until voltage —16V, then dis-
charges abruptly.  The duration of this saw
tooth charging impulse is */20 of a second.
The cutting diamond nears the tooth to be
cut and reaches it, after moving a distance
d, which can vary with imperfections in the
uncut wheel; from d, to d- the diamond cuts
the tooth and abruptly moves back at instant
t,. At this moment, relays 29 controls by
a “1/30 of a second’ impulse the operation of
pawl 12 which drives wheel 11 during a
time between t. and t, equal to 1/30 of a
second.  Relay 34 removes the short circuit
from capacitor 27 which discharges itself
again to control the cutting of a new tooth.

This machine cuts extremely rapidly and
accurately. In known machines, the limit
of the cutting rate is not determined by the
diamond, for which a limit is not known, but
rather by the vibrations of the machine in-

creasing with the
shaft.  However, here the vibrations of the
machine are controlled and the limiting cut-
ting rate is determined by the mechanical
resistance of the steel from which the tun-
ing fork is composed. It is easly realised
that mechanical stresses occurring at the
centre of oscillation can reach critical values
when the tuning fork is oscillated at a high
frequency and at a relatively large amplitude,
causing considerable acceleration in the mov-
ing masses.

The machine is not limited to the embodi-
ment described.  The branches of the tun-
ing fork can also oscillate in phase.  The
reaction on the support would then be con-
siderable, the oscillating system no longer
being dynamically balanced. :

In the place of an electrodynamic system,
a more powerful electromagnetic system could
be used but this might generate much more

heat.

WHAT WE CLAIM IS:—

1. A machine for cutting teeth in a wheel
of small dimensions, characterised by the
fact that the cutting movement and the ad-
vance of the cutting tool are effected by a
mechanical oscillator, the oscillation of which
is electrically maintained.

2. A machine for cutting teeth in a wheel
comprising a frame, a mechanical oscillator
mounted on the frame, electrical driving
means connected to the oscillator and adapted
to drive the oscillator, and a cutting tool
mounted on the oscillator for oscillation with
the oscillator, the oscillator being adapted to
oscillate with a first oscillation in a first direc-
tion corresponding to cutting of the wheel
by the tool, and being further adapted to
oscillate with a second oscillation in a sec-
ond direction corresponding to penetration of
the wheel by the tool.

3. A machine according to claim 1 or 2,
characterised by the fact that said oscillator
comprises a tuning fork having two branches,
and that the tool is mounted on one of the
branches.

4. A machine according to claim 3, charac-
terised by the fact that the tuning fork has
a plane of symmetry, said first direction
being perpendicular to the plane of sym-
metry, and said second direction being paral-
lel to the plane of symmetry, the branches
being adapted to oscillate in the first direc-
tion in counter phase at a given frequency

and with a given amplitude, the branches -

being adapted to oscillate in the second direc-
tion also in counter phase and at the same
frequency but out of phase by 90° with
respect to said given frequency, the ampli-
tude of said second oscillation varying pro-
gressively from zero to a given value in order
to abruptly fall to zero under the control of
said electronic driving means, the two oscil-

speed of rotation of the
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lations being superimposed to drive the
branches along an elliptical trajectory of
which the major axis corresponds to the am-
plitude of the first oscillation, and the vari-
able minor axis corresponds to the variable
amplitude of the second oscillation.

5. A machine according to claim 4, charac~
terised by the fact that the cutting tool is
secured at the end of one of the branches
of the tuning fork, and that the major axis
of the ellipse described by the tool is per-
pendicular to the plane of the wheel to be
cut, the minor axis being approximately
located in the same plane as the wheel.

6. A machine according to claim 5, charac-
terised by the fact that each of the branches
of the tuning fork is provided with a first
magnetic system, each first magnetic system
comprising 2 magnetic circuit, an air gap,
and a first coil common to the two first sys-
tems and transversing each of the air gaps,
the two first magnetic systems being geo-
metrically homologous and having their mag-
netic circuits disposed in the same sense, the
two first systems being adapted to maintain
the first oscillation, and each of the branches
is provided with a second magnetic system,
each second magnetic system comprising a
magnetic circuit, an air gap, and a second
coil common to the two second systems and a
transversing each of the air gaps, the two

second magnetic systems being geometrically
homologous and having their magnetic cir-
cuits disposed in opposite senses, the two sec-
ond systems being adapted to maintain the
second oscillation.

7. A machine according to claim 6, charac-
terised by the fact that one of the branches
bears 2 magnet acting on a pick-up coil
linked to an amplifier circuit for feeding said
first and second coils.

8. A machine according to any of claims
3 to 7, characterised by the fact that the
frequency of the first oscillation corresponds
to the resonance frequency of the tuning fork,
while the second oscillation is a forced oscilla-
tion, the frequency of which differs from the
resonance frequency sufficiently to allow the
second oscillation to decay very rapidly when
said electronic driving means stop driving
the second oscillation.

9. A machine for cutting a toothed wheel
substantially as described in the reference
to and as illustrated in the accompanying
drawings. ' -

U. JOHN PRIOR,
Chartered Patent Agent,
110, Kennington Road, London, S.E.11,
Rel: 5155,
Agent for the Applicants.
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