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VIBRATOR FOR AN FELECTRICALLY ENER-
GIZED TIMEPIECE
Max Hetzel, Biel, Switzeriand, assignor to Bulova Watch
Company, Inc., Jackson Heights, N.Y,
Filed Oct. 11, 1956, Ser. No. 615,329
4 Claims, (Cl, 58—23)

‘The present invention relates to an electrically ener-
gized timepiece.

More particularly, the present invention relates to an
electrically energized timepiece wherein the oscillatory
movement of an electrically driven mechanical vibrator
is converted into rotary movement which drives the time-
piece mechanism. The timepiece may be of the type
disclosed in the copending patent applications, which are
now issued as Patents 2,888,582; 2,900,786; 2,929,196;
2,949,727; 2,960,817, and 2,971,323.

The above-mentioned patents concern themselves with
an clectric timepiece which incorporates snitable elec-
trical means for oscillating a mechanical vibrator, the
latter preferably being in the form of a tuning-fork type
vibrator. A reciprocatable drive element, such as a
pawl, is attached to one of the tines of the vibrator and
cooperates with a ratchet wheel so as to cause rotation
thereof during oscillation of the tines. The pawl re-
ciprocates with a stroke the length of which is dependent
upon the amplitude of oscillation of the tines, and the
electrical means for oscillating the tines are capable of
normally maintaining the amplitude of oscillation of the
tines within a range wherein the stroke or reciprocation
of the pawl, in a direction substantially tangent to the
ratchet wheel at the point of contact or engagement be-
tween the pawl and the ratchet wheel, is at least as great
as the pitch of the ratchet teeth but is not greater than
twice this pitch. In this way, each oscillation of the
tines causes the ratchet wheel to be rotated throughout
an angular distance which corresponds to the pitch of
the ratchet teeth. Thus, the rotational speed of the
ratchet wheel is exactly proportional to the frequency
of oscillation of the tines, and since the latter may be
maintained constant with an extremely high degree of
accuracy, the rotational speed of the ratchet wheel and
of the timepiece mechanism which it drives is similarly
maintained constant with the same high degree of ac-
curacy.

When the timepiece is first manufactured, the vibrator
is so comstructed that the natural frequency of the tines
is such as to cause the vibrator to drive the timepiece
mechanism with an accuracy of approximately plus or
minus three minutes per day, i.e., while the vibrator will
drive the timepiece mechanisms at a constant rate which
is exactly proportional to the natural frequency of the
tines, this natural frequency will probably be such that
the timepiece mechanism is driven either slightly too
fast or slightly too slow so that the timepiece will gain
or lose a certain constant amount each day.

It is therefore an object of the preseat invention to
overcome the above disadvantage by providing a very
fine adjustment whereby the natural frequency of the
tines, and comsequently the rate at which the vibrator
drives the timepiece mechanism, may be regulated to
extremely close limits.

It is another object of the present invention to provide
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an adjustment for a vibrator-driven timepiece whereby
the natural frequency of the vibrator and consequently
the rate at which the timepiece mechanism is driven
thereby may very easily be regulated after the timepiece
has been completely assembled.

With the above objects in view, the present invention
mainly resides in that improvement in a timepiece having
a timepiece mechanism which includes mechanical vi-
brator means operatively associated with the timepiece
mechanism for driving the same at a rate proportional
to the matural frequency of oscillation of the vibrator
means, and means operatively associated with the vibrator
means for varying the natural frequency thereof.

The novel features which are considered as character-
istic for the invention are set forth in particular in the
appended claims. The invention itself, however, both
as to its construction and its method of operation, to-
gether with additional objects and advantages thereof,
will be best understood from the following description
of specific embodiments when read in connection with
the accompanying drawings in which:

FIG. 1 is a diagrammatic representation of a vibrator
carrying an adjusting means according to a preferred
embodiment of the present invention; and

FIG. 2 is a diagrammatic representation of a modified
vibrator carrying an adjusting means according to an-
other embodiment of the present invention.

Referring now to FIG. 1, there is shown a tuning fork
102 having a pair of tines 163 and 164 each of which
carries a magnetic drum. These drums are associated
with drive and phase-sensing coils in a transistor circuit,
described for example in Patent 2,971,323, which serves
to excite and maintain the tuning fork in vibration.

The vibrator is adapted to be secured to the base plate
of a timepiece by means of a member 105, the latter
being screwed onto the base plate by means of screws
1054, and the tine 104 carries a pawl 120 which cooper-
ates with a ratchet wheel (not shown) whereby the oscil-
latory motion of the vibrator is transformed into rotation.

The arrangement of the parts is such that the center
of gravity G of each drum 196 is spaced a distance Dg
from the plane of symmetry X—X of the vibrator which
is substantially equal to the distance Dy which the axis of
oscillation of each respective tine is spaced from this
plane.

Each of the drums carries a deformable element which
may be in the form of an elongated wire 15¢ connected at
one of its ends to the drum. The wire is capable of as-
suming different configurations, two of which are shown
in dotted lines at 150a and 130b, wherein the center of
gravity of the combined mass consiituted by each drum
and wire is spaced different distances from the axis of os-
cillation T of the respective time. The wire may readily
be bent in such a manner that irrespective of its config-
uration, when the tines are at rest the center of gravity of
the oscillatable portion of the vibrator remains spaced
irom the plane X—X substantially the same distance Dg.

By virtue of the above arrangement wherein the nat-
ural frequency of each time may be adjusted individually,
it is possible to vary the natural frequency of the vibrator
while maintaining the natural frequencies of the two tines
equal to each other. In this way, no energy iransfer from
one tine to the other takes place during oscillation so that
the efficiency of the vibrator may be maintained exceed-
ingly high,
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Tn the embodiment illusirated in FIG. 2 the tines 203
and 204 of the tuning fork 282 are inclined toward each
other and converge toward each other as they approach
their free ends so that the tuning fork has a substantially
triangular configuration. A pair of magnetic drums 206
are fixed at their end faces to the outer faces of the free
ends of the tines, respectively, the arrangement of the parts
being such that the center of gravity G of each drum is
spaced a distance Dg from the plane of symmetry XX
of the vibrator, this distance being substantially equal to
the distance Dy which the axis of oscillation T of each
respective tine is spaced from this plane.

The vibrator is adapted to be secured to the base plate
of a timepiece by means of a member 203, the laiter being
fixedly secured to the base plate, as, for example, by means
of screws 2085g. The tine 204 carries a pawl 228 which co-
operates with a ratchet wheel (not shown) whereby the
oscillation of the vibrator is transformed into the rotary
movement of the timepiece mechanism.

Each drum carries a deformable element which may be
in the form of an elongated wire 250 which is connected
at one of its opposite ends to the drum and at the other
of its ends either to the drum or to the free end of the tine
itself. As in the embodiment illustrated in FIG. 1, the
wire is capable of assuming different configurations, two
of which are shown in dotted lines at 250z and 2500,
wherein the center of gravity of the combined mass con-
stituted by each drum and wire is spaced different dis-
tances from the axis of oscillation T of the respective tine.
The wire may readily be bent in such a manner that irre-
spective of its configuration, when the tines are at rest the
center of gravity of the oscillatable portion of the vi-
brator remains spaced from the plane X—X substantially
the same distance Dg.

1t will be understood that each of the elements described
above, or two or more together, may also find a useful
application in other types of vibrators differing from the
types described above.

While the invention has been illustrated and described
as embodied in an electric timepiece, it is not intended to
be limited to the details shown, since various modifica-
tions and structural changes may be made without de-
parting in any way from the spirit of the present inven-
tion. For example, the adjustment means shown in FIGS.
1 and 2 may be used in conjunction with a tuning-fork
type vibrator wherein one tine carries a balance weight as
in Patent 2,929,196. Also, the abutment means may be
constructed differently, for example, as disclosed in Pat-
ent 2,929,196.

Still further, it will be understcod that the wires or other
deformable elements shown in the embodiments of FIGS.
1 and 2 need not of necessity be secured to the magnetic
drums or balance weight carried by the tines. Instead,
these deformable elements may be attached directly to
any oscillatable portion of the tines, the term “oscillatable
portion” as used throughout the specification and claims
being deemed to include any portion of each tine which is
spaced from the axis of oscillation of that tine.

Without further analysis, the foregoing will so fully re-
veal the gist of the present invention that others can by
applving current knowledge readily adapt it for various
applications without omifting features that, from the
standpoint of prior art, fairly constitute essential charac-
teristics of the generic or specific aspects of this invention,
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 and
provided with a tuning-fork type vibrator having a pair of
tines each of which is capable of oscillating about its own
axis of oscillation, said vibrator being operatively associ-
ated with the timepiece mechanism for driving the same
at a rate proportional to the natural frequency of oscilla-
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tion of said vibrator and a pair of cscillating components
carried by said tines at the respective free ends thereof
and fixedly secured thereto; regulating means operatively
associated with at least one of said components for varying
the distance between the center of gravity thereof and
the axis of oscillation of the respective tine carrying said
one component, said regulating means including a de-
formable element attached to said one component and
forming part thereof, said element being capable of being
manually bent to assume different configurations wherein
the center of gravity of the combined mass constituted by
said one component and said element thereof is spaced dif-
ferent distances from said axis of oscillation of said re-
spective tine, whereby the natural frequency of said re-
spective tine and consequently the natural frequency of
said vibrator may be varied so that the rate at which the
timepiece mechanism is driven may be regulated.

2. In a timepiece having a timepiece mechanism and
provided with a tuning-fork type vibrator having a pair
of tines each of which is capable of oscillating about
its own axis of oscillation, said vibrator being operatively
associated with the timepiece mechanism for driving the
same at a rate proportional to the natural frequency of
oscillation of said vibrator and a pair of oscillating com-
ponents carried by said tines at the respective free ends
thereof and fixedly secured thereto; regulating means
operatively associated with at least one of said compo-
nents for varying the distance between the center of gravity
thereof and the axis of oscillation of the respective tine
carrying said one component, said regulating means in-
cluding an elongated deformable element attached at
one end thereof to said one component and forming part
thereof, said element being capable of being manually
bent into different configurations wherein the center of
gravity of the combined mass constituted by said one
component and said element thereof is spaced different
distances from said axis of oscillation of said respective
tine, whereby the natural frequency of said respective
tine and consequently the natural frequency of said vi-
brater may be varied so that the rate at which the time-
piece mechanism is driven may be regulated.

3. In a timepiece having a timepiece mechanism and
provided with a tuning-fork type vibrator having a pair
of tines each of which is capable of oscillating about its
own axis of oscillation, said vibrator being operatively
associated with the timepiece mechanism for driving the
same at a rate proportional to the natural frequency of
oscillation of said vibrator and a pair of oscillating com-
ponents carried by said tines at the respective free ends
thereof and fixedly secured thereto; regulating means op-
eratively associated with at least one of said components
for varying the distance between the center of gravity
thereof and the axis of oscillation of the respective tine
carrying said one component, said regulating means in-
cluding an elongated deformable element attached at its
ends to said one component and forming part therecf,
the mid-portion of said element being capable of being
manually bent into different configurations wherein the
center of gravity of the combined mass constituted by
szid one component and said element is spaced different
distances from said axis of oscillation of said respective
tine, whereby the natural frequency of said respective tine
and consequently the natural frequency of said vibrator
may be varied so that the rate at which the timepiece
mechanism is driven may be regulated.

4. In a timepiece having a timepiece mechanism and
provided with a tuning-fork type vibrator having a pair
of tines each of which is capable of oscillating about its
own axis of oscillation, said vibrator being operatively
associated with the timepiece mechanism for driving the
same at a rate proportional to the natural frequency of
oscillation of said vibrator and a pair of oscillating com-
ponents carried by said tines at the respective free ends
thereof and fixedly secured thereto; regulating means opar-
atively asscciated with said components for varving the
distanicé between the center of gravity of each and the
axis of oscillation of the respective tine, said regulating
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means including a pair of deformable elements attached
to said components, respectively, each of said elements
forming part of the respective component and being ca-
pable of being manually bent to assume different configura-
tions wherein the center of gravity of the combined mass
constituted by each respective component and element
thereof is spaced different distances from the axis of
oscillation of the respective tine, respectively, whereby
the natural frequency of said tines and consequently the
natural frequency of said vibrator may be varied so that
the rate at which the timepiece mechanism is driven may
be regulaied.
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