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Application March 12, 1956, Serial No. 570,958
18 Claims. (CI. 58--23)

The present invention is a continuation-in-part of the
copending application Serial No. 565,452, filed February
14, '1956, and relates to electric timepieces.

It is an object of the present invention to provide am
electrical timepiece having means for converting the oscil-
lations of a vibrator such as a tuning fork or the like
into rotary movements of the hands of the timepiece
with means for controlling the amplitude of the oscilla-
tions so as to insure accuracy of the timepiece.

It is another object of the present invention to provide
an electrical timepiece which is composed of simple and
ruggedly constructed elements which are very reliable in
operation,

With the above objects in view, the present invention
mainly consists in that improvement in a timepiece having
a timepiece mechanism which includes reciprocating
driving means for driving the timepiece mechanism. The
driving means are operatively associated with the time-
piece mechanism in such a manner that the timepiece
mechanism is driven by the driving means when the length
of the stroke of reciprocation thereof is between a pre-
determined minimum stroke length and a predetermined
maximum stroke length. A vibrator is connected to the
driving means for reciprocating the same with a stroke
the length of which is a function of or depends upon the
amplitude of oscillation of the vibrator. The vibrator
is so constructed and arranged as to have a maximum
amplitude of oscillation at which the stroke length of the
driving means equals the predetermined maximum stroke
length. Also, means are provided for oscillating the
vibrator at an amplitude at which the stroke length of
the driving means is equal to at least the predetermined
minimum stroke length, so that the driving means may
drive the timepiece mechanism.

The novel features which are considered as character-
istic for the iftvention are set forth in particular in the
appended claims. The invention itself, however, both as
to’its construction and its method of operation, together

with additional objects and advantages thereof, will be

best understood from the following description of specific
embodiments when read in connection with the accom-
panying drawings, in which: ,

Fig. 1 is a plan view of the interior of a timepiece
dccordinig to the present invention when seen from the
rear of the timepiece, Fig. 1 showing diagrammatically
how the electrical leads may be comnecied to a storage
battery or the like when the timepiece is used, for ex-
ample, as a clock of an automobile;

Fig. 2 is a sectional elevational view taken along line
A—B—C—D-—E—F of Fig. 1 in the direction of the
arrows;

" Fig. 3 is a side elevational view of the structure of
Fig. 1 as seen from the left side of the latter;

Fig, 4 is a fragmentary plan view similar to Fig. 1
showing a variation according to which the structure of
Fig. 1 may be connected to a different source of electrical
energy;

" Fig, 5 is a fragmentary perspective view of a part of
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a pawl of the present invention as seen in the direction
of arrow G of Fig. 1;

Fig. 6 is a perspective view illustrating the connection
of a paw! to the tine of a tuning fork, the structure of
Fig. 6 being shown in the direction of arrow H of Fig. 1;

Fig. 7 is a wiring diagram of the electrical circuit of
the structure shown in the drawings;

Fig. 8 is a diagrammatic view illustrating the inter-
action of a pawl and ratchet wheel incorporated in a
structure according to the present invention;

Fig. 9 is a diagrammatic showing of a modified embodi-
ment of the present invention;

¥ig. 10 is a diagrammatic view of another modified
embodiment of the present invention;

Fig. 11 is a diagrammatic view of yet another modified
embodiment of the present invention;

Fig. 12 is a fragmentary diagrammatic view of a still
further modified embodiment of the present invention;

Fig. 13 is a fragmentary diagrammatic view of yet
another modified embodiment of the present invention;
and

Fig, 14 is a perspective view, partially in section, of
another embodiment of a timepiece in accordance with
the invention, the tuning fork construction correspond-
ing to that in Fig. 10 and the electrical circuit associated
therewith being similar to that in Fig. 7.

eferring now to the drawings, it will be seen that the
timepiece includes a base plate 1 which is made of a
circular plate having a substantially constant thickness.
A vibrator 2 which is preferably of the tuning fork type
is fized to a member 5 as by soldering or welding or
the like, and this member 5, in turn, is fixed to the base
plate 1 by a pair of screws 5a. As is clearly shown in
Figs., 1 and 3, the member 5 is connected to the tuning

5 fork 2 only at that part thereof which interconnects the

tines 3 and 4, so that the latter are maintained in spaced
relation to the base plate 1 and are free to oscillate.

At the free end of the tine 3 there is located a per-
menent maguet 6 in the form of a hollow cylinder which
is open at one end and which has an end wall 65 closing
the cylinder 6c, this end wall 6b carrying a magnetic
bar 6a which is of very strong magnetic material, as, for
example, Alnico.

The other tine 4 of the tuning fork 2 carries at its
free end a balance weight 7 which may simply be in the’
form of a cylindrical block fixed in the manner shown in
Fig. 1 to the free end of the tine 4. The tines 3 and 4
and the masses of the permanent magnet 6 and the
balance weight 7 are so chosen that the tine 3 and the
permanent magnet 6 on the one hand and the tine 4 and
the balance weight 7 on the other hand have approxi-
mately the same natural frequency so that the tuning
fork will not require an undesirable large amount of
damping. Also, the arrangement of the parts is such
that the centers of gravity G of the permanent magnet 6
and the balance weight 7 are in alignment with the tines
3 and 4, respectively. As a result, it is possible for the
tines 3 and 4 to oscillate at constant frequency while
requiring an almost negligible amount of energy, as set
forth in copending application Serial No. 565,451, filed
February 14, 1956 and entitled “Tuning Fork Oscillator.”

The counter weight 7 carries an abutment element 7b
which is preferably made of non-magnetic material, as,
for example, brass. The abutment element 7h extends
toward the permanent magnet 6 and is spaced therefrom
a distance .

As is well known, the tines of a vibrating tuning fork

-type vibrator normally oscillate toward and away from

each other, ie., inward movement of one tine from its
normal rest position is accompanied by a corresponding
inward movement of the other tine and outward move-
ment of one tine is accompanied by a corresponding out-
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ward  movément of the other tine. Also, the inward
deflection of each tine is equal to its outward deflection,
so that the amplitude of oscillation of each tine is equal
to twice.the deflection of each tine from its rest position
to its inner deflected position.

It will be seem, therefare, that the maximum amplitude
of oscillation of each tine 3 and 4 is equal to the length
of the distance s inasmuch as the maximum possible inner
deflection of each tine is equal to one-haif s.

The purpose of the abutment elemeat 7) and the
factors influencing the selection of the distance s will be
discussed below,

Also, suitable abutments 3a and 4a are carried by the
‘base plate 1 and serve to limit the outwardmost deflec-
tions of the tines 3 and, respectivély, to prevent damage
by reason. of. excessive shocks. The distances betwesn
tine 3 and abutment 3a, tine 4 and abutment 44 is much
bigger than the above-described distance s.

If desired, the balance weight 7 may be provided with
a threaded bore 7a in which a screw member § is thread-
edly located. The screw member 8 is shorter. than
the length of the threaded bore so that the screw mem-
ber may be shifted toward or away from the tine 4
along a line forming an extension of the latter. In this
way, the center of gravity of the balance weight 7 is
shifted along this line simply by varying the position of
the screw 8. - As a result, the natural frequency of the

" tine 4 may be varied, the center of gravity of the balance
Weight 7, however, at all times remaining in registra-
tion with the tine 4. Inasmuch as the natural frequency
of the entire tuning fork 2 is the average of the natural
frequency of the two tines, it is possible to change the
natural frequency of the entire tuning fork by shifting
the screw 8. In this way, it is possible to reguiate the
time which is kept by the timepiece. Thus, if there are
relatively small variations between the natural frequencies
of the tines and the weight and permanent magnet, respec-
tively carried thereby, such small variations in the natural
frequencies will not infiuence the operation of the time-
piece. When the latter is first manufactured, the rela-
tive natural frequencies of the tines and the parts carried
thereby are so regulated, as, for example, by filing off
a part of one tine, that the timepiece keeps perfect time
to within plus or minus three minutes, for example... By
shifting the screw member 8 in the balance weight 7 it is
possible to provide a very fine adjustment which will
enable the timepiece to keep accurate time within this
range of plus or minus three minutes per month.

" The above described adjusting or compensating arrange-

ment is described in copending application Serial No.
565,452 filed February 14, 1956 and entitled “Electric
Timepiece.”

In the chamber 9 within the drum magnet 6, there is
located a tubular carrier 10 which is fixed to a support
13, the latter in turn being fixed to the base plate 1 by
means of screw members 14, as is shown in Figs. 1 and 3.
The tubular member 1§ freely surrounds the core 6a
without contacting the latter, and the tubular member 18
carries a pair of coils 11 and 12, the coil 12 having ap-
proximately five times as many turns as the coil il
The core 6a has sufficient clearance within the tube 19 to
avoid contacting the latter during oscillations of the tines
3 and 4 of the tuning fork. Thus, the coils form with
the permanent ‘magnet 6 a transducer which, together
with the tuning fork 2, forms a tuning fork oscillator of
the same general type as that disclosed in copending
application Serial No. 436,949, filed June 15, 1954 and
entitled “Electronic Device for the Operation of a Time-
piece Movement.”

At the left face of the support 13, as viewed in Fig. 1,
and as is shown in Fig. 3, there is fixed a resilient strap
33 which serves to mount on the support 13 a capacitor
34, a resistor 35, a transistor 19, and a capacitor 48.
Furthermore, the support 13 carries a pair of insulated
electrical terminals 15 and 16 which are electrically con-

19

20

25

30

40

nected. to the lines 22 and 23 which in turn are connected
to a source of electrical energy. According to the em-
bodiment of the invention shown in Fig. 1, the source of
encrgy is the storage battery 17 of an automobile. In
general the voltage of such an automobile battery is too
great for the purposes of operating a timepiece of the type
disclosed, so that this battery: is not connected directly
to the timepiece. The lines 22 and 23 are connected in
the manner shown in Fig. 1 to the resistor 18, and the
end 18¢ of the line 23 forms with the resistor 18 a voltage
divider, this voltage divider being located outside of the
timepiece, although it could of course be located within
the casing of the timepiece and fixed to the base plate 1,
if desired.:

When the above described electromc circuit is con-
nected to the source of energy, the electrical circuit is
closed and the oscillations of the tuning fork are started
and are maintained by the source of energy. The elec-
trical circuit is shown schematically in Fig. 7, coil 12
acting as the drive coil for the tuning fork and coil 11
as a sensing coil. In operation, transistor 12 is rendered
conductive for a relatively brief period duriug each op-

-erating cycle by a voltage induced in sensing coil 11 and

applied to base B to overcome a cut-off bias imposed
thereon by condenser 34 and resistor 35. During the
conduction period of the transistor current is caused to
fiow through drive coil 12 which is connected to the
battery terminals 15 and 16 in series with the fransistor

electrodes C . and B: The tuning fork starts oscillating

as soon as the circuit is closed because it is quite sensitive
and picks up any vibrations which are present in the sur-
rounding atmosphere or in the base plate 1. With an
arrangement as described above it is possible to obtain

a frequency constant to two parts in 107, while for a time-

piece of the type described above a frequency constant
to-one part in 105 is more than adequate. The oscilla-
tions of the tuning fork must be converted into a rotary
movement in order to be useful in the timepiece, and
this conversion can take place by the transmission means
illustrated in Figs. 1, 2, 5and 6.

A pawl 20 is carried by the tine 4 of the tuning fork

2, this gfml 2¢ being in the form of a relatively light leaf

spring being fixed to the tine 4 by means of a pin 28, as
shown in Fig. 6. . The tine 4 is formed with a relatxvely
shaliow bore whzw. does not extend more than one quarter
of the way through the iine 4 and into which bore the

* pin 29" is pressed, so that in-this way the natural fre-
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quency of the tine 4 is influenced to but a very negligible
extent: The Icaf spring 28 is fized to the pin 28’ as by
being soidered thereto, in the manner shown in Fig. 6,
and at its free end leaf spring 28 carries the tooth mem-
ber 28%a made of a very hard material such as. glass or
hardened steel. "Also, precious or semi-precious stones
such as rubies or sapphires are particularly suitable for
this purpose. ASs is evident from Fig. 5, the member
28a is wider-than the leaf spring 20 and extends beyond
the latter, and this member 2$a is fixed to the leaf
spring 28 by a suitable adhesive material, for example.
The member 28ag nceds a sharp edge, which may have
even an angle of 90 degrees between the two surfaces

This member 28¢ .of the pawl cooperates with the,

teeth of the ratchet wheel 21 so that the oscillations of the
tine 4 transmit turning impulses to the ratchet wheel 21
through the pawt 20. In this way the ratchet wheel 21
is turned through a predeiermined angle at every oscilla-
tion.  As is evment frem Fig. 2, the ratchet wheel 21
and the pinion Z1a are fixed to & common shaft which ex-
tends through the base plate 1. Jn addition, this common
shaft extends ﬁrouzm an opening of dished spring 33
which bears against pq'“t of the ratchet whesl 21 and

urges the latter away from the base plate 1, so that dished
sprma 33 acts as a brake retarding the turning movement
of the ratchet wheel 21, The spring 33, the ratchet wheel
21, as well as'the pawl 28 and member 28a are carefully
designed and chosen so that at each oscillation the turn-
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ing movement transferred to the ratchet wheel 21 by the
~leaf spring 20 will result only in a turning of the ratchet
wheel in the desired direction through a distance of one
tooth. In other words the arrangement is such that
the ratchet wheel 21 cannot overrun or turn freely be:
yond the distance through which it is turned by the pawl.
Furthermore the frictional resistance provided by the
spring 33 is such that during the return movement of the
pawl 28 the ratchet wheel 21 also does not turn and the
tooth member 284 runs over a tooth of the ratchet wheel
to engage in the next space between the teeth. In this
way a turning movement is imparted to the ratchet wheel
21 which compels the latter to rotate at a rate, i.e., at a
number of revolutions per unit time, which has a direct
relation to the rate of oscillation of the tuning fork 2.
Inasmuch as the tuning fork oscillates at a constant
rate, the ratchet wheel 21 also turns at a constant speed
and in one direction. A gear train is provided to trans-
mit the turning of the ratchet wheel 21 to the hands of
the clock, and this gear train includes the pinion 21a,
the gear 22 meshing with the pinion 21a and turning to-
gether with the pinion 224 which meshes with the gear
23 which turns together with the pinion 234. .The pinion
23a meshes with the gear 24 which turns the pinion 244,
the latter meshing with the gear 25 which turns together
with the pinion 254. The gear 25 is fixed as by a press

fit to the shaft 255 to which the pinion 254 also is fixed,

and this shaft 28b extends all the way up to the unillus-
trated face of the clock which carries the numbers,

The frequency of oscillations of the tuning fork and
the number of teeth of the ratchet wheel 21 as well as
the different transmission ratios between the several driv-
ing and driven gears are so chosen that the shaft 250
makes one complete revolution in an hour. Thus, the
minute hand is fixed to the shaft 255.

The speed of the minute gear 25 is reduced to one
twelfth in a known way, Thus, the gear 25¢ meshes with
a gear 26 which turns together with the pinion 26a, the
latter in turn meshing with a gear 27 affixed to the sleeve

28 freely turnable on the shaft 255, These gears 25a,

26, 28a, and 27 give to the sleeve 28 a speed of rotation
which is one twelfth that of the shaft 255, sc that the
sleeve 28 turns through a comptete revolution in twelve
hours, and thus the hour hand is fixed to the sleeve 28.

If, for example, the tuning fork oscillates at 175 cycles
per second, then the various pinions and gears can have
the following numbers of teeth to provide the desired
transmission to enable accurate time to be kept from the
tuning fork. : :

Pinion or gear: Number of teeth

Ratchet wheel 21 — 360
Pinion 21q . 6
- Gear 22 - 30
Pinion 22g __.._. —— X 6
Gear 23 ... : 36
Pinion 23¢ ~.._. : 6
Gear 24 __________._. X ) - 42
Pinion 24a ... ) - 6
Minute wheel 25 e 50
Pinion 25a —— e 10
- Gear 26 - : e 30
Pinion 26a _ e &
Hour wheel 27 .__. ———— - 32
A consideration of the above numbers of teeth will

show that the minute wheel makes one revolution an hour
and the hour wheel makes one revolution in twelve hours.

With the above described embodiment of the time-
piece the source of energy is located outside of the time-
piece and is in the illustrated example the battery of an
autornobile. However, the timepiece of the invention,
which. may be a wrist watch instead of an automobile
clock, may carry its own source of energy within its own

housing. Thus, Fig: 4 shows an arrangement where the -
5

base plate 1is provided with a depression which receives
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a miniature battery 32 which may have ‘a terminal’ volt:
age of 1.35 volts, and this battery 32 is maintained within
the depression 32a of the base plate 1 by an electrically
conductive springy member 30 which is affixed by a
screw 31 to a block 29 of insulating material, this block
being fixed in a known way as by a screw or the like to
the base plate 1. The force of the spring 30 keeps the
battery 32 in position within the recess 31. The casing
of the battery 32 which engages the electrically conduc-
tive base plate 1 forms the negative pole of the battery
while the positive pole thereof is formed by the cover of
the battery which engages the member 30. This mem-
ber 30 is insulated from the base plate 1 by the block
29, although if desired the member 30 can also be in-
sulated from block 29 and screw 31 in any suitable way
as by suitable washers and a suitable sleeve into which
the screw 31 extends, With the arrangement of Fig. 4
the electrically conductive springy member 30 is con-
nected with a suitable lead to the positive terminal 16
carried by the support 13 while the negative terminal 15
is in this case connected electrically with the base
plate 1. ' '

A wiring diagram illustrating the electrical circuit is
shown in Fig. 7. Thus, referring to Fig. 7 it will be
seen that the tuning fork together with the permanent
magnet are shown diagrammatically at the left. Further-
more the transistor 19 js shown with its emitter, base,
and collector terminals respectively indicated by the
letters E, B, and C, respectively. The terminal 16 is con-
nected electrically with the emitter connection E, while
the collector connection C is connected with one end of
the coil 12 which has approximately five times the num-
ber of turns of the coil 11, as was pointed out above,

" the other end of the coil 12 being connected to the nega-
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tive terminal 15. In parallel with the coil 12 is located
the capacitor 40 which serves to prevent undesired oscil-
lations. Furthermore, the capacitor 34 and resistor 35
are interconnected between the coil 11 and the négative
terminal 15, in the manner shown in Fig. 7, and the coil
11 is connected electrically to the base connection of
the transistor 19, in the manner shown in Fig. 7.

It will be seen from the above that the reciprocation
of the pawl 20 is brought about by the oscillation or
vibration of the vibrator 2, the length of the stroke of
reciprocation of the pawl being a function of or depend-
ent upon the amplitude of oscillation of the tine 4. It
will also be understood that the arrangement of the
parts is such that normally each reciprocation of the
pawl brings about an angular rotation of the ratchet
wheel which corresponds to the pitch of each ratchet
tooth. - -Thus, the stroke length of the pawl must not
only be sufficiently great so that the pawl will, during
successive reciprocation, engage different teeth, but also,
the stroke length of the pawl should not be so great that
the pawl engages, during successive reciprocations, non-
successive teeth. If the latter were to occur, i.e., if, -
during successive reciprocations, the pawl were occa-
sionally to engage alternate teeth, that particular recip-
rocation of the pawl would be accompanied by a double
angular displacement of the ratchet wheel. Since, in
practice, a timepiece particularly of the watch type is
often subjected to shocks, the amplitude of oscillation of
the tuning fork may become sufficiently -great, at least
temporarily, so as to cause the pawl to engage, during
successive reciprocations, non-adjacent or non-successivé
ratchet teeth. This, in turn, would bring about incon-
stant and inaccurate activation of the timepiece mech--
anism. C

As may best be seen in Fig. 8, the pawl should move
in such a manner that the tooth 20z, in a direction T
tangential to the ratchet wheel at the point of engage-
ment between the tooth 20 and the ratchet wheel, recip--
rocates with a stroke the length of which is greater than
the distance P and smaller than twice this distance, the
distance P representing the pitch of. the ratchet teeth..
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It is clear that if the tooth 20a dogs not reciprocate with
a stroke the length of which exceeds the distance P, the
tooth-20a would not, during successive. reciprocations,
engage successive teeth but would instead simply remain
in engagement with the same tooth. Also, it will be seen
that if the tooth 20q reciprocates with a stroke the length
of which exceeds the distance 2P, the tooth 28z would
engage non-consecutive or alternate tecth. If this were
to occur then each reciprocation during which the stroke
length of the tooth 298¢ exceeded the distance 2P would
bring about a double angular displacement of the ratchet
- wheel 21.

It will be: readily understood that the stroke length of
the tcoth 28a in the direction T is a function of or is
dependent upon the amplitude of oscillaticn of the tine
4. Thus, in-order for the tooth 28z to reciprocate with
a stroke length equal io at least P, the tine 4 will have
_to oscillate with a certain minimum amplitnde. The
above described electrical means shown schematically in
Fig. 7, are capable of oscillating the tine 4 at at lcast
such minimum amplitude.

Also, it will be understood that in order for the stroke
length of the tooth 26a not to exceed 2P, the maximum
amplitude of oscillation of the tine 4 may not exceed a
certain maximum amplitude. Preferably, the above de-
scribed electrical means will not oscillate the tine 4 above
this maximum amplitude, but shocks to which a time-
piece is very often exposed may be sufficient to cause
the tine 4 to oscillate above this maximum amplitude
for many cycles until damping to about the normal am-
plitude and to turn during this time the ratchet wheel
too quick. However, the abutment element 7b carried
by the balance weight 7 prevents the tines 3 and 4 from
oscillating above an amplitude corresponding to-the- dis-
tance s, as set forth above. Accordingly, the distance
5-is so selected that the tines 3 and 4 may oscillate at
a maximum amplitude which corresponds to reciproca-
tion of the tooth 20q, in the direction T, with a stroke
length less than 2P. In this way, the tooth 28a cannot,
during - oscillation of: the tuning fork, skip any of the
teeth 214 of the ratchet wheel 21. Consequently, each
oscillation of the tuning fork and consequently each re-
ciprocation of the pawl 20 brings about an angular move-
ment of the ratchet wheel 21 which corresponds to the
pitch P of the ratchet teeth 2ia..

In practice, the electrical means for oscillating the tun-
ing fork are so constructed and arranged that the tines
are oscillated at such amplitude as will bring about re-
ciprocation of the tooth 20g in the direction T with a
stroke ‘length equal to approximately 1.5P. Thus, in
Fig. 8 the forwardmost position of the tooth 28a is shown
in solid lines whereas the normal backwardmost. positicn
is shown in dotted lines.’

In the embodiment illustrated in Fig. 9, the tuning fork
102 having tines 103 and 164 is adapted to be mounted
on the base-plate of the timepiece mechanism by means
of the member 105, the latter being screwed onto the
base plate by means of screws 1654. ~The tines 183 and
104 respectively carry a permanent magnet 186 and a
balance weight 107, the respective centers of gravity of
these members. being in registration with the respective
tines. The tine 104 carries a pawl 120 having a tooth
1204, as described above. The instant embodiment dif-
fers from the above described one in that the abutment
element 107b instead of being carried by the balance
weight 187 is carried by the permanent magnet 186.
As described above, the element 16756 may be made of
non-magnetic material, such as brass. If desired, how-
ever, the element 1075 may be made of magnetic mate-
rial but be magnetically insulated from the permanent
magnet 106 by means of a partition element 1875’ which
is made of non-magnetic material. The right free end of
the element 1975, as viewed in Fig. 9, is spaced a distance
s from the balance weight 107, and the function and
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mode of operation of the device is identical to that of
the above described embodiment.

In the embodiment illustrated in Fig. 10, the tuning
fork 202 having tines 203 and 204 is adapted to be se-
cured. to the base plate of a timepiece by means of a
member 265, the latter being screwed onto the base plate
by means of screws 205a. The tine 284 carries a pawl
228 having a tooth 228q adapted to cooperate with the
ratchet wheel in the manner described above. ‘The tines
203 and 204 each carry a permanent magnet 26§, the
respective’ centers of gravity of which are in alignment
or registration with the respective tines, so that the in-
stant. embodiment differs from the  above described one
in that two permanent magnets are provided, there being
no . balance weight corresponding to the element 7 of
Fig."1.  In the instant embodiment the electrical means
for oscillating the tuning fork may be of the construction
more fully described in the above mentioned copending
application Serial No. 436,949 filed June 15, 1954 and
entitled “Electronic Device for the Operation of a Time-
piece Movement,” now abandoned. The electrical ar-
rangement as shown in Fig. 14 is essentially the same as
that in Fig. 7, save that coils 11 and 12 cooperate with
separate permanent magnets 286 rather than with a com-
mon magnet. One of the permanent magnets 206 car-
ries an‘abutment element 2075 which is spaced from the

- other permanent magnet a distance 5, the function and
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operation. of the device being identical to tue above de-
scribed ones.

In the embodiment 111ustramed in Fig. 11, the tunmg
fork 302 includes a pair of tines 383 and 304, the axis
of symmetry of the-tuning fork being indicated by the
line X—X. As in the above described embodiments, a
member 305 serves to mount the tuning fork onto the

. base plate of a timepiece, as, for example, by means of

screws 305a.

The tines of the tuning fork are inclined toward each
other and converge toward each other as they approach
their free ends so that the tuning fork 302 has the sub-
stantially triangular configuration indicated in Fig. 11.- A
pair of permanent magnetic drums 386 are fixed at their
end faces respectively to the outer faces of the free ends
of the tines, it being understood that one of the drums
306 may be replaced by a suitable balance weight of the
type described in connection with the embodiments illns-
trated in Figs. 1 and 9. - The afrangement of the parts
is such that the center of gravity of each magnet is spaced
a distance Dg from the axis of symmetry X—X. This
distance is so selected as to be substantially equal to the
distance Dy which is the distance that each point T is
spaced from the axis of symmetry X-—X. The point T

- of each tine represents that axis about which the point

of gravity of the permanent magnetlc drum or bal:mc\,
weight oscillates or vaots In practice, the axis T of
each tine will be located in the lowermost-third of the
tine.

_As a result, the frequencv of oscillation. of the tuning
fork is mamtamed constant at a desired valde and only
a minimum amount of energy is required to maintain the
vibrations or oscillations, this as set forth in full in co-
pending application Serial No. 565,451 filed February 14,
1956 and entitled “Tuning Fork Oscillator.”

The tine 304 cairies a paw! 328 having a tooth 3204
which is adapted to cooperate with a ratchet wheel, in

-the manner described above, and one of the tines carries

the abutment element 387bh which is fixed to the inner
face of the free end portion of the tine. As is clearly
shown in Fig. 11, the free end of the abutment element
307b is spaced a distance s from the inner face of the
free end portion of the other tine s0 as to limit the maxi-
mum amplitude of oscillation of the tuning fork.

In the embodiment illustrated in Fig. 12, each of the
tines 403 and 464 carries a permanent magnet 464, it be-

ing understobd that one of the permanent magnets may

be replaced by a suitable balance. weight, ~ The. instant
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-embodiment differs- from the above described ‘ones in
that each of the permanent magnets 406 carries an abut-
ment element 407b, these elements. being spaced from
each other a distance s and cooperating with each other
in such a manner that when the amplitude of oscillation
of the tines is equal to the maximum permissible ampli-
tude, the abutment elements will engage each other there-
by preventing the tines from oscillating at an amplitude
greater than this maximum amplitude.

In the embodiment illustrated in Fig, 13, the tines 503
and 504 each carry a permanent magnet 506, it being
understood that one of the permanent magnets may be
replaced by a suitable balance weight. In the instant
embodiment, each of the permanent magnets 506 either
carries or is formed with an abutment portion 5075 which
may be substantially frusto-conical or dome-shaped as
shown in Fig. 13, The respective inwardmost parts of
the portion 507b are spaced from each other a distance s,
thereby limiting the maximum amplitude of oscillation
of the tines, : :

Additionally, it will be understood that any suitably
shaped abutment means may be provided for limiting the
maximum amplitude of oscillation of the tines. For ex-
ample, the abutment means may be connected to or be
integral with the tines proper. Also, it is not essential
that the abutment means be located between the free
end portions of the tines, and they may be so arranged
as to be located physically exteriorly of the space be-
tween the tines.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find a
useful application in other types of electric timepieces
differing from the types described above,

While the invention has been illustrated and described
as embodied in an electric timepiece - incorporating a
tuning fork type vibrator, it is not intended to be limited
to the details shown, since various modifications and
structural changes may- be. made without departing in
any way from the spirit of the present invention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can
by applying current knowledge readily adapt it for various
applications without omitting features that, from the
standpoint of prior art, fairly constitute essential char-
acteristics of the generic or specific aspects of this inven-
tion -and, therefore, such adaptations should and are
intended to be comprehended within the meaning and
range of equivalence of the following claims.

What is claimed as new and desired to be secured by
Letters Patent is:

1. In a timepiece having a timepiece mechanism, in
combination, a tuning-fork type vibrator having a pair
of oscillatable tines; reciprocating driving means for
driving said timepiece mechanism and being operatively
associated therewith in such a manner that said time-
piece mechanism is driven by said driving means when
the length of the stroke of reciprocation thereof is be-
tween a predetermined minimum stroke length and a
predetermined maximum stroke length, said driving means
being connected to one.of said tines for being recipro-
cated by the same with a stroke the length of which is
a function of the amplitude of oscillation of said tines;
electrical means for oscillating said tines of said vibrator
at an amplitude at which the stroke length of said driv-
ing means is equal to at least said predetermined mini-

10
ing said timepiece mechanism and being operatively asso-
ciated therewith in such a manner that said timepiece
mechanism is driven by said driving means when the
length of the stroke of reciprocation thereof is between
a predetermined minimum stroke length and a prede-
termined maximum stroke length, said driving means
being connected to one of said tines for being recipro-
cated by the same with a stroke the length of which is a

- function of the amplitude of oscillation of said tines:
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mum stroke length; and abutment means arranged be-

tween said tines and carried by at least one of said
tines for limiting the amplitude of oscillation of said
tines to a maximum amplitude of oscillation at which
the stroke length. of said driving means equals said pre-
determined maximum stroke length, whereby said driv-
ing means may drive said timepiece mechanism.

2. In a timepiece having a timepiece mechanism, in
combination, a tuning-fork type vibrator having a pair
of oscillatable tines; reciprocating driving means for driv-

70

%5

electrical means for oscillating said tines of said vibrator
at an amplitude at which the stroke length of said driv-
ing means is equal to at least said predetermined mini-
mum stroke length; and an abutment element for limit-
ing the amplitude of oscillation of said tines to a maxi-
mum amplitude of oscillation at which the stroke length
of said driving means equals said predetermined maxi-
mum stroke length, said abutment element being arranged
between said tines, carried by one of said tines and being
adapted to engage the other of said tines, whereby said
driving means may drive said timepiece mechanism.

3. The combination defined in claim 2 wherein said
abutment element is made of non-magnetic material. °

4. In a timepiece having a timepiece mechanism, in
combination, a tuning-fork type vibrator having a pair
of oscillatable tines; reciprocating driving means for
driving said timepiece mechanism and being operatively
associated therewith in such a manner that said time-
piece mechanism is driven by said driving means when
the length of the siroke of reciprocation therewith is
between a predetermined minimum stroke lemgth and a
predetermined maximum stroke length, said driving means
being connected to one of said tines for being recipro-
cated by the same with a stroke the length of which is
a function of the amplitude of oscillation of said tines;
electrical means for oscillating said tines of said vibra-
tor at an amplitude at which the stroke length of said
driving means is equal to at least said predetermined
minimum stroke length; and abutment means for limit-
ing the amplitude of oscillation of said tines to a maxi-
mum amplitude of oscillation at which the stroke length
of said driving means equals said predetermined maxi-
mum stroke length, said abutment means including a
pair of cooperating abutment elements arranged between
said tines and carried by said tines, respectively, where-
by said driving means may drive said timepiece mech-
anism.

5. In a timepiece having a timepiece mechanism, in
combination, a tuning-fork type vibrator having a pair
of oscillatable tines; reciprocating driving means for driv-
ing said timepiece mechanism and being operatively asso-
ciated therewith in such a manner that said timepiece
mechanism is driven by said driving means when the
length of the stroke of reciprocation thereof is between
a predetermined minimum stroke length and a prede-
termined maximum stroke length, said driving means
being connected to one of said tines for being recipro-
cated by the same with a stroke the length of which is a
function of the amplitude of oscillation of said tines;
electrical means for oscillating said tines of said vibra-
tor at an amplitude at which the stroke length of said
driving means is equal to at least said predetermined
minimum stroke length, said electrical means including
a pair of electrical components carried by said tines,
respectively, in the regions of their respective free ends,
each of said components being so constructed and ar-
ranged that its center of gravity, when each respective
tine is in its rest position, is spaced from the axis of
symmetry of said vibrator a distance which is substan-
tially equal to the distance which the pivot axis about
which each tine pivots during oscillation is spaced from
said axis of symmetry; and abutment means for limiting
the amplitude of oscillation of said tines to a maximum
amplitude of oscillation at which the stroke length of
said driving means equals said predetermined maximum
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stroke length, whereby said driving méans may drive
said timepiece mechanism. :

6. The combination defined in claim 5 wherein said
tines, when they are in rest position, extend substantially
parallel to each other throughout their entire lengths
and wherein the centers of gravity of. the respective
components are in alignment with the respective tines.

7. In a timepiece having a timepiece mechanism, in

combination, a tuning-fork type vibrator having a pair -

of ostillatable tines; reciprocating driving means for driv-
ing said timepiece mechanism and being operatively as-
sociated therewith in such a manner that said timepiece
‘mechanism is driven by said driving means when the
length of the stroke of reciprocation thereof is between

a predetermined minimum stroke length and a predeter-

mined maximum stroke length, said driving means being
connected to one of said tines for being reciprocated by
the same with a stroke the length of which is a function
of the amplitude of oscillation of said tiaes; electrical
means for oscillating said tines of said vibrator at an am-
plitude at which the stroke length of said driving means
is equal to at least said predetermined minimum stroke
fength, said electrical means including an electrical com-
ponent carried by one of said tines in the region of its
free end and a balance weight component carried by the
other of said tines in the region of its free end, each of
said components being so constructed and arranged that its
center of gravity, when each respective tine is in its rest
position, is ‘spaced from the axis of symmetry of said
vibrator a-distance which is substantially equal to the dis-
tance which the pivot axis about which each tine pivots
during oscillation is spaced from said axis of symmetry;
and a pair of abutments carried by said components and
adapted to engage one another for limiting the amplitude
of oscillation of said tines to a maximum amplitude of
oscillation at which the stroke length of said driving
means - equais. said predetermined maximum stroke
Iength, whereby said driving means may drive-said time-
piece mechanism.

8. The combination defined in claim 7 wherein said
tines, when they are'in rest position, extend substantially
parallel to each other throughout their entire lengths and
wherein the centers of gravity of the respective compo-
nents are in alignment with the respective tines.

9. In a timepiece having a timepiece mechanism, in
combination, a tuning-fork type vibrator having a pair
of oscillatable . tines; reciprocating driving means for
driving said timepiece ‘mechanism ‘and being operatively

associated therewith in such a manner that said time-

piece mechanism is driven by said driving means when
the length of the stroke of reciprocation thereof is be-
tween @ predetermined minimum stroke length and a
predetermined maximum stroke length, said driving means
being connected to one of said tines for being recipro-
cated by the same with a stroke the length of which is
a function of the amplitude of oscillation of said tines;
electrical means for oscillating said tines of said vibrator
at an amplitude at which the stroke length of said driv-
ing means is equal to at least said predetermined mini-
mum stroke length, said electrical means including a pair
of electrical components ‘carried by said tines, respec-
tively, in the regions of their respective free ends; and
abuitment means for limiting the amplitude of oscillation
of said tines to a maximum amplitude of oscillation at
which the stroke length of said driving means equals said
predetermined maximum. stroke length, said abutment
eans inciuding at least one abutment element carried
by one of said components and adapted to engage the
other of said components when said tines oscillate at said
maximum amplitude, whereby said driving means may
drive said timepiece mechanism, .
10: In a timepiece having a timepiece mechanism, in
combination, a tuning-fork type vibrator having a pair
of oscillatable tines; reciprocating driving means for driv-
ing 'said timepitce mechanism and being operatively as-
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sociated therewith in such a manner that said timepiece
mechanism is driven by said driving means when the
length of the stroke of reciprocation thereof is between a
predetermined minimum stroke length and a predeter-
mined maximum stroke length, said driving means being
connected to one of said tines for being reciprocated by
the same with a stroke the leéngth of which-is a function
of the amplitude of oscillation of said “tines; electrical
means for oscillating said tines of said vibrator at an
amplitude at which the stroke length of said driving
means Is equal to at least said predetermined minimum
stroke length, said electrical ‘means including an electri-
cal component carried by one of said tines in the region
of its free end and a balance weight component carried
by the other of said tides in the region of its free end:
and abutment means for limiting the amplitude of oscil-
lation of said tines to a maximum amplitude of oscilla-
tion at which the stroke length of said driving means
equals said predetermined maximum stroke length, said
abutment means including at least one abutmeént element
carried by one of said components and adapted to engage
the other of said components whén said tines oscillate at

- said maximum amplitude, whereby said driving means
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may drive said timepiece mechanism.

11. The combination defined in claim 10 wherein said
abutment element is carried by said balance weight com-
ponent. o )

12. The combination defined in claim 10 wherein said
abutment element is carried by said electrical component.

13. The combination defined in claim 12 wherein said
abutment element is made of non-magnetic material.

14. The combination defined in claim 12 wherein said
abutment element includes an engaging portion adapted
to engage said balance weight component and an insulat-
ing portion interposed between said engaging portion and
said electrical component, said- insulating portion beirig
made of non-magnetic material and magnetically insulat-
ing said engaging portion froin said electrical component.

15. In.a timepiece having a timepiece mechanism, in
combination, a tuning-fork type vibrator having a pair of
oscillatable tines; reciprocating driving means. for driving
said timepiece mechanism and being operatively associated
therewith in such a manner that said timepiece mechanism
is driven by said driving means when the length of the
stroke of reciprocation thereof is between a predetermined
minimum stroke length and a predetermined maximum
stroke length, said driving means being connected to one
of said tines for being reciprocated by the same with a
stroke the length of which is a function of the amplitude
of oscillation of said tines; electrical means for oscil-
lating said tines of said vibrator at an amplitude at which
the stroke length of said driving means is equal to at least
said predetermined minimum stroke length; said electrical
means including a pair of electrical components carried
by said tines, respectively, in the regions of their respec-
tive free ends; and abutment means for limiting the am-
plitude of oscillation of said tines to a maximum ampli-
tude of oscillation at which the stroke length of said driv-
ing means équals said predetermined ‘maximum stroke
length, said abutment means including a pair of abutment
elements carried by said components, respectively, and
adapted to engage each other when said tines oscillate at
said maximum amplitude, whereby said driving ‘means
may drive said timepiece mechanism. : '

16. The combination defined in claim 15 wherein each
of said abutment elements is integral with-the respective
component carrying it. ’

17. In a timepiece having a timepiece meéchanism, in
combination, a tuning-fork type vibrator having a base
portion carrying a pair of oscillatable tines, said tines
converging toward each other in such. a manner that their
free ends are closer to each other than those ends thereof
at which said tines join said base portion, said tines hav-
ing at their free ends end portions which extend sub-
stantially parallel to ¢ach other and each of which end
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portions has an inner face directed toward the other tine
and an outer face opposite its inner face; reciprocating
driving means for driving said timepiece mechanism and
being operatively associated therewith in such a manner
that said timepiece mechanism is driven by said driving
means when the length of the stroke of reciprocation
thereot is between a predetermined minimum stroke
length and a predetermined maximum stroke length, said
driving means being connected to one of said tines for
being reciprocated by the same with a stroke the length
of which is a function of the amplitude of oscillation of
said tines; electrical means for oscillating said tines of
said vibrator at an amplitude at which the stroke length
of said driving means is equal to at least said predeter-
mined minimum stroke length, said electrical means in-
cluding a pair of elecirical components carried by said
tines, respectively, at their respective free. end portions
with each component being on the respective outer face
of each respective free end portion; and abutment means

for limiting the amplitude of oscillation of said tines to 2g

a maximum amplitude of oscillation at which the stroke
length of said driving means equals said predetermined
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maximum stroke length, said abutment means including at
least one abutment element carried by one of said tines
at its free end portion and projecting from said inner face
thereof toward the inner face of the end portion of the
other of said tines, said abutment element being adapted
to engage the last-mentioned inner face when said tines
oscillate at said maximum amplitude, whereby said driv-
ing means may drive said timepiece mechanism.

18. The combination as defined in claim 17 wherein
each of said components is so constructed and arranged
that its center of gravity, when each respective tine is in
its rest position, is spaced from the axis of symmetry
of said vibrator a distance which is substantially equal to
the distance which the pivot axis about which each tine
pivots during oscillation is spaced from said axis of
symmetry.
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