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QUARTZ CONTROLLED CHRONOMETER

BACKGROUND OF THE INVENTION

The present invention relates to timekeeping devices
and more particularly to a quartz controlled chronome-
ter.

The present quartz controlled chronometers mainly
comprise indicating systems driven by mechanical os-
cillators which are synchronized by the frequency of a
quartz controlled oscillator. One of the problems en-
countered by synchronization systems of this type is
that the low frequency mechanical oscillator tends to
fall out of synchronization when the wrist movement
affects the amplitude. On the other hand, quartz con-
trolled chronometers which include indicating systems
for directly indicating the divided quartz frequency, for
example one cycle per second or one half cycle per sec-
ond without synchronization have other disadvantages.
These later systems generally have a relatively high
power consumption and a blocking arrangement of low
efficiency when the motor is not operating.

The following patents represent some of the prior art
pertinent to the field of the present invention: U.S. Pat.
Nos. 2,546,371; 3,163,808; 3,212,252 and 3,435,311.
Other patents may, of course, exist and be relevant to
the present invention. Briefly, U.S. Pat. No. 3,212,252
to A. Nakai shows the use of a quartz oscillator with a
divider while U.S. Pat. No. 2,546,371 to E. Peterson
shows the generation of pulses of alternately opposite
polarities and Matsuzawa U.S. Pat. No. 3,435,311 dis-
closes an oscillator drive energized by pulses of oppo-
site polarity. In U.S: Pat. No. 3,163,808, a polarized
motor includes a pair of coils mounted thereon and a
ﬂxp-flop for polarizing the armature in opposite direc-
tions.

SUMMARY OF THE lNVENTION

The present invention' relates to a highly accurate
timekeeping device including a high frequency time
base such as a quartz oscillator which is coupled to a
frequency divider which reduces the guartz frequency
to one or one half hertz. The divider output is con-
nected to a polarity changing driver which energizes a
polarized motor. A system is thus.provided which indi-
cates directly the divided quartz frequency with quartz
accuracy. Furthermore, the use :of driving pulses of
changing polarity results in low power consumption.

The driving' circuit is' a new arrangement for small
timepieces which changes the polarity of the driving
current after each driving impulse. The motor which is
activated by the driving current comprises one or more
symmetrically mounted rotor coils mounted on the
index lever staff. The rotor coil is driven back and forth
by the alternating pulses while the lever drives an index

wheel. A magnetic blocking system is also provided to.

block the indexing system when the motor is not driv-
ing. The polarized motor has the added advantage of
being self-correcting since, if the timepiece receives a
hard shock, the rotor may be tossed to its opposite rest
position due to torsional acceleration and advance the
index wheel ahead of its pulse. The pulse following will
not advance the index wheel again since the polarity of
the driving current for that pulse and the polarity of the
magnet in that rest position are attractive. Synchroniza-
tion between pulse and mechanical sthchmg up to one
step out of phase is thereby assured.
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Accordingly, it is an object of this invention to pro-
vide a new and improved timepiece.

Another object of this invention is to provide a new
and improved quartz controlled timepiece having a low
power consumption and indicating means being di-
rectly driven by the divided quartz frequency.

A further object of this invention is to provide a
quartz controlled timepiece which is self correcting and
includes a unique magnetic blocking system in combi-
nation with a polarized motor.

Other objects and advantages of the present inven-
tion will be more clearly seen when viewed in conjunc-
tion with the accompanying drawings wherein:

FIG. 1 is a block diagram of the circuit of the present
invention;

FIG. 2 is a circuit diagram of the polarity changing
driver of FIG. 1;

FIGS. 3a, 3b, and 3¢ show the relationship between
the driver input and output pulses;

FIGS. 4a, 4b, 4c, 4d and 4e show various coil configu-
rations which may be used in the rotor of the timepiece
motor;

FIGS. 5a, and 5b illustrate the blockmg system of the
present invention;

FIGS. 6a, and 6b show schematlca]ly the motor and
the operation thereof.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1 of the drawings, ‘the time-
piece of the present invention comprises a quartz oscil-
lator 10 which supplies a high frequency output 11 to
the divider 12. The divider 12 reduces the quartz fre-
quency to one or one half hertz on outputs 13 and 14.
As shown in FIGS. 3a—, the driver 16 changes the po-
larity of the driving current 17 to the motor 18 after
each impulse 13 and 14. The motor 18 is directly
driven by the divided quartz frequency thereby provid-
ing highly accurate timekeeping without the disadvan-
tages present in quartz synchronized systems. One im-
portant drawback, which is avoided, is the tendency of
the mechanical vibrator to fall out of synchronization
when wrist movement affects the amplitude.

The quartz oscillator 10 comprises a conventional
quartz crystal which is activated to oscillate at its reso-
nant frequency. The quartz frequency, which is then
fed to the divider 12 as oscillator output 11, generally
ranges from approximately 8,000 Hz to 5,000,000 Hz
depending upon crystal selection. The divider 12 is a
conventional multi-stage frequency -divider which re-
duces the quartz output to 1 Hz or one-half Hz on' di-
vider outputs 13 and 14. ‘

The driver 16 comprises a current polarity changing
unit which functions as shown in FIG. 3c. The polarity
of the driving current 17 is changed by the driver 16
after each pulse 13 and 14 thereby making it possible
to energize a polarized electric motor 18. Referring to
FIG. 2, the driver 16 operates in the following manner.
A rising potential on input 13 saturates trarnsistors 19,
21 and 22, At the same time ground potential on input
14 to the base 23 cuts off transistors 24, 26, and 27
driving the current flow in one direction. After the time
interval ¢, capacitor 28 is discharged by resistor 29 and
transistors 19, 21 and 22 are driven to cut off. The cir-
cuit is then in a neutral position.

At this point, rising potential on input 14 saturates
transistors 24, 26 and 27 driving current flow in the op-
posite direction. After the time interval t,, capacitor 31
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is discharged by resistor 32 and transistors 24, 26 and
27 are driven to cut off. The circuit now is in the neu-
tral position once again. The length of the driving im-
pulses 17 can be adjusted with resistors 29 or 32 or ca-
pacitors 28 and 31. It is to be noted, however, that ¢,

.= t, = length of the driving impulse.

‘The motor 18 which is shown in FIGS. 6a and 6b
includes a rotor 33 which may comprise a single coil or
a plurality of symmetrically mounted individual coils.
Various suitable coil arrangements are illustrated in
FIGS. 4a - 4e with the embodiment of FIG. 4d selected

10

for further discussion as the rotor 33 in FIGS. 6a and

6b.

The center portion of the coil system or rotor 33 is
mounted on the index lever staff 34. The coil rotor con-
tinuously switches back and forth between two station-
ary systems of permanent magnets 36 and 37. An alter-
native approach (not shown) would be to use a single
magnet system with a shunt. The staff 34 also includes
an index lever 38 mounted thereto with arms 39 and 41
for engaging the teeth 42 of an index wheel 43. As the
rotor 33 switches back and forth in accordance with
the ‘drive pulses 17, the lever 38 drives the wheel 43
which is coupled to the indicating means in.a conven-
tional manner. Preferably the wheel 43 includes 30 or
60 circumferentially arranged teeth to be compatible
with one or one half hertz driver output frequency.

The motor 18 is driven by the driving impulses 17 of
opposite polarity such that the first impulse turns the
rotor 33 from position A to position B. One second
later a second impulse turns the rotor coil 33 back from
position B to position A. The motor 18 functions con-
tinuously in'this manner with quartz accuracy since the

- driving pulses come directly from the quartz oscillator
via the divider 12 and driving unit 16.

When the motor 18 is at rest after a driving impulse
17, the entire indexing system is blocked by an iron or
ferrite core 44 which is positioned at one or several
ends of the coil as shown more particularly in FIGS. 5a
and 5b. The iton core 44 positioned in the coil 33 be-
comes an electromagnet when a driving pulse 17 is re-
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ceived. The polarity - of this electromagnet is deter- -

mined by the current direction of the pulse 17.

- The.iron core 44 cooperates: with two permanent
magnets 46 and 47. With the core 44.initially held by
magnet 46, a driving’ lmpulse 17, with the current Iin

the. indicated direction, changes the core 44 into an.

electromagnet with the same polarity as the permanent
holding magnet 46. A repelling force is. thereby created
between the electromagnet 44 and the magnet 46 caus-
ing separation thereof. Unlike spring blocking or pres-
ent magnetic blocking systems, little power is required

to overcome thé blocking. The system functions simi-

{arly but in the other direction with magnet. 47 as a
pulse 17 of opposite polarity is received. :

In instances where a severe shock is received, the
rotor could be thrown out of position, for example
from posmon A to position B. The watch would, in ef-
fect, be gaining one second but through polanzatlon of
the driving current, the rotor 33 misses the next drlvmg
lmpulse and is correct once again. The motor 18 is
therefore, self-correcting. .~

The invention as described above has many advan-
tages such as providing a direct indication of the di-
vided quartz frequency with quartz accuracy in a low
cost design. A low power consumption results from
using driving impulses of changing polarity and very lit-
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tle power is needed for blocking or releasing of the in- .
dicating system. No hairsprings are necessary for elec-
trical motor connections but however, if used, they
serve to store potential energy and further reduce
power consumption. Furthermore no mechanical click,
blocking or return springs are required. The subject
timepiece also readily provides a jump second indica-
tion.

It is understood that the above-described arrange-
ments are merely illustrative examples of the applica-
tion of the principles of the invention. Numerous other
arrangements may be readily devised by those skilled
in the art which will embody the principles of the inven-
tion and fall within the spirit and scope thereof.

I claim:

1. A timepiece having time indicating means com-
prising:

a quartz crystal oscillator having a high frequency

output, ‘

a frequency divider for reducing the output of the
quartz oscillator to a low frequency,

a polarity changing driver connected to the divider
for changing the polarity of the driving-current
after each driving impulse, the polarity changing
driver comprising a first-input line and a second
input line, a first plurality of transistors coupled to
‘the first input line such that rising potential on said

. first input line saturates said first plurality of tran-
sistors, a second plurality of transistors coupled to
said second input line such that ground potential '
on the second input line cuts off said second plural-
ity of transistors while the first plurality of transis-
tors are saturated, and means coupled to each
‘input line for producing a predetermined output
pulse upon receipt of an input from the divider, and
wherein,

the means for producing a predetermined out-put
pulse comprises a resistor-capacitor network con-
nected across the first. and second mput hnes, and,

each plurality of transistors comprises a first transis-
tor having its base connected to a particular input
line and second and third transistors, the base of
the second transistor being connected to the col-
lector of the first transistor and the base of the third
trangistor being connected to the emitter . of the
first transistor.

2. A tlmeplece having time mdlcatmg means com-

prising:

-a quartz crystal oscnllator havmg a hlgh frequency
output,

"a frequency: divider for reducmg the output ot' the
quartz oscillator to a low frequency,

a polarity changing driver connected to the dwlder
for changing the polarity. of the dnvmg current
after each driving impulse and, :

a polarized oscillatory motor energized by the dnver
output such that out-of-phase driving pulses fail to
drive the motor and said motor is thereby self-
correcting, the motor including an index lever staff,
a rotor coil mounted thereon and a pair of station-
ary magnet systems between which the rotor coil is
oscillated by the polarized driving pulses when the
pulses are in phase, and,

indexing means directly coupled to ‘the motor and
driven thereby to operate time indicating means.

3. A timepiece in accordance with clalm 2 wherein:
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the motor further includes an oscillatory coil and a
blocking system for maintaining the indexing
means in position when the motor is not driving,
said system comprising a magnetizable core
mounted in a predetermined position within the
coil and a pair of spaced apart magnets located at
the limits of oscillation and cooperating therewith
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6
to hold the indexing means after each driving im-
pulse.
4. A timepiece in accordance with claim 2 wherein:
the rotor coil comprises a plurality of coils symmetri-

cally mounted about the staff.
* * * * *



