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[57] ABSTRACT

An electronic timepiece having an intermittent driving
means for rotating the second hand step by step, In
which the second hand may be driven in two or more
ways, one of by a large step as driving the second hand
at the rate of one step per second and the other 1s by a
small step such as driving the second hand at the rate of
ten steps per second. There i1s provided a large step
driving pulse producing circuit, a small step driving
pulse producing circuit, a transducer for transducing
the pulse into the rotating motion, a large step transmit-
ting means, a small step transmitting means, 2 train for
transmitting the rotating motion to the second hand,
and means for changing the pulses apphied to the trans-
ducer and for changing the transmitting means.

7 Claims, 8 Drawing Figures
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ELECTRONIC TIMEPIECE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to an electronic time-
piece having an intermittent driving means for rotating
the second hand step by step.

In the electronic timepiece, an intermittent driving
means such as a step or pulse motor is preferably em-
ployed because such a motor may be operated with a
small power consumption and may securely drive the
second hand against the shock given thereto, although it
is desirable to drive the second hand continuously to
indicate the flow of time. In such an intermittent drive
electronic timepiece, the second hand is driven at the
rate of one step per second. However, in order to set
precisely the second hand to less than a time or to read
an error of the second at a time, the timepiece must be
constructed to indicate the time in an order below a
second such as the order of 1/10 second.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
electronic timepiece in which the second hand may be
driven with a step smaller than that of a second to indi-
cate the time with greater accuracy than second steps
wiil give.

Another object of the present invention is to provide
an electronic timepiece in which the use of a large step
of the second hand such as one step per second and the
use of a small step such as ten steps per second may be
selectively changed.

In accordance with the present invention there is
provided an electronic timepiece comprising a large
step driving pulse producting circuit, a small step driv-
ing pulse producing circuit, means for transducing said
driving pulse into the rotating motion, means for chang-
ing said driving pulses to be applied to said means for
transducing, means for transmitting the rotating motion
by said large step driving pulse, means for transmitting
the rotating motion by said small step driving pulse,
means for changing said means for transmitting the
rotating motion, a train for transmitting said rotating
motion to second, minute and hour hands, and means
for manipulating said means for changing said driving
pulses and means for changing said means for transmit-
ting the rotating motion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an embodiment of
the present invention,

FIG. 2 1s a waveform of a pulse for large step driving,

FIG. 3 1s a waveform of a pulse for small step driving,

FIG. 4 is a front view of a watch according to the
present invention,

FIGS. 5 and 6 are plan views showing a main portion
of the watch,

FIG. 7 is a sectional view showing the train of the
watch, and

FIG. 8 is a block diagram of means for generating
driving pulses.

Referring now to the drawings and more particularly
to FIG. 1, numeral 1 generally designates a main por-
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tion of the present invention. Numeral 2 is a time stan-
dard signal producing means in the form of a quartz
crystal oscilator of which time standard signal 1s di-
vided by the frequency divider 3 to a predetermined
frequency. The main portion 1 comprises a large step
driving pulse producing means 4, a small step driving
pulse producing means 5, a driving pulse change-over
means 6, a first manipulating member 7, an electro-
mechanical transducer 8, a transmisston change-over
means 9, a large step transmitting means 10, and a smail
step transmitting means 11. The large step driving pulse
producing means 4 produces an alternating pulse of 1
Hz as shown in FIG. 2 and s small step driving puise
producing means § produces an alternating pulse of 10
Hz as shown in FIG. 3. The driving pulse change-over
means 6 is actuated by the first manipulating member 7
to seiect the pulse for driving the electro-mechanical
transducer 8. The transmission change-over means 9 is
also operated by the first manipulating member 7 to
select the transmitting means. The large step transmit-
ting means 10 is constructed to transmit the output
power of the transducer 8 to the train to drive the sec-
ond hand (hereinafter described) at the rate of one step
per second and the small step transmitting means 11 1s
constructed to transmit the output power of the trans-
ducer 8 to the train to drive the second hand at the rate
of ten steps per second.

The train comprises a fourth gear 12, a third wheel
13, a center wheel 14 mounting a minute hand 13, a
minute wheel 16, and an hour wheel 17 carrying an
hour hand 18, as usual watch.

In this embodiment, a mechanism for a chronograph
is provided. The mechanism comprises a clutch means
19, a second manipulating member 20, a second arbor 21
carrying a second hand 22 also serving as a chrono-
graph second hand, an intermediate wheel 23, and a
chronograph minute wheel 24 carrying a chronograph
minute hand 25. The clutch means 19 is actuaied by the
second manipulating member 20 to transmit the rotation
of the fourth gear 12 to the second arbor 21. The inter-
mediate wheel 23 acts to transmit the rotation of the
center wheel 14 to the chronograph minute wheei 24
and has a slip mechanism which acts to slip when the
chronograph minute hand 25 is returned to zero. The
chronograph minute wheel 24 has a heart cam mecha-

nism not shown which is actuated by a third manipulat-
ing member 26 to return the chronograph minute hand

to zero. As hereinafter described in detail, the second
arber 21 has a heart cam mechanism.

Referring to FIG. 4, the watch according o the em-
bodiment has the chronograph minute hand 25, the
common second hand 22, the ordinary hour hand 18
and minute hand 15. The first manipulating member 7
may be shifted to three axial positions 7a, 7b, and 7c. In
the innermost position of 7a, the second hand 22 rotates
one step per second which is represented by a distance
between the indexes 29. The second hand 22 rotates ten
steps per second in the intermediate position 7b. When
the member 7 is pulled to the outermost position 7¢, the
second hand 22 stops and the hour hand 18 and minute
hand 15 may be rotated by manipulating the member 7
to correct the time display with the well known mecha-
nism. The second manipulating member 20 is manually
depressible and means is provided for alternatively ro-
tating and stopping the second hand 22 and mnute hand
25 at every depression of the member 20 as wili be
described hereinafter. The second hand 22 and minute
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hand 25 may be returned to zero by depressing the third
manipulating member 26.

Reterring to FIG. 5 which shows an ordinary operat-
11g state of the watch, the first manipulating member 7

s held in the innermost position 7a by engagement of 5

the well known setting lever 51 with setting lever spring
52. The divider 3, large and small step driving pulse
producing means 4 and 5, and driving pulse change-
over means 6 are constructed into an integrated circuit
63. A resilient switch blade 53 is provided to be insu-
lated and connected to the driving pulse change-over
means 6. The resilient switch blade is positioned adja-
cent the end portion 51a of the setting lever 51. The
driving pulse change-over means 6 is 5o arranged that,
when the end portion 51a contacts with the switch
blade 53, the driving pulse such as 10 Hz pulse shown in
FIG. 3. which is produced in the small step driving
pulse generator 5, is applied to the driving coil 54 of the
electro-mechanical transducer 8, and when the end
poriton 51a removes from the switch blade 53, the driv-
ing pulse such as 1 Hz pulse shown in FIG. 2, which is
produced in the large step driving pulse generator 4, is
applied thereto.

The electro-mechanical transducer 8 such as pulse
motor comprises a rotor 55 (FIG. 7) of permanent mag-
net and a pinion S5a integral with the rotor. The pinion
S3a has ten teeth and engages with a change gear 56
having twelve teeth. The change gear 56 is pivotally
mounted on a change lever §7 which is adapted to be
rocked about a pin 58 by actuation of the setting lever
51 with the cooperation of the pin 51b on the setting
lever with the cam groove 57a of the change lever §7. A
sixth whee! 59 engaging with an intermediate gear 70
constitutes a part of the small step transmitting means 11
and has sixty teeth. The sixth wheel is integral with a
sixth wheel pinion 59a having six teeth which engages
with a fifth wheel 60. The fifth wheel 60 constituting a
part of the large step transmitting means 10 has Sixty
teeth and is integral with a fifth wheel pinion 60a having
ten teeth. The fifth wheel pinion 60a engages with the
tourth gear 12 having fifty teeth which is integral with
a2 fourth pinion 12a as shown in FIG. 7. The fourth
piiton 12a is rotatably mounted on the second arbor 21
which is rotatably supported by not shown bearings.
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Secured to the second arbor 21 is a heart cam 21a to 45

which a star shaped spring washer 21d forming a part of

the clutch means 19 1s secured. The outer ends of legs of
the washer are secured to an engaging ring 21b which is
shidably provided on the fourth gear 12. The spring
washer 21d urges the engaging ring 21b toward the

fourth gear 12 transmit the rotation of the fourth gear to
the second arbor 21.

U-shaped disengaging lever 61 is secured to a not
shown base plate at the base portion 61a as shown in
F1G. 5. The disengaging lever has a pair of arms 61b
extending to radially opposite sides of the engaging ring
21b and a pair of projections 61c located at the radially
opposite sides of an indexing wheel 62. The indexing
wheel 62 is pivotally mounted on the base plate with a
shaft 66 and comprises a cam plate 62c engaging with
the projections 61c and a ratchet 62b engaging with an
indexing end 64d of a starting lever 64. The starting
lever 64 is secured to the base plate at an end 64a and
has a resilient portion 64b, a slot 64c¢ engaging with a pin
65 secured to the base plate and an end 64e engaging
with the inner end of the second manipulating member
20 (shown in FIG. 4). Depressing the second manipulat-
ing member 20, the end 64d indexes the ratchet 62b and

50

335

60

65

4

cam plate 62a one step. When the finger of the operator
removes from the member 20, the starting lever 64
returns to the position of FIG. § where the lower end of
the slot 64c engages with the pin 65. It will be seen that
the end 64d acts also as a locating member for the
ratchet 62b, which is advantageous to the manufacture
of the mechanism within a small space with a smali
number of parts.

When each of the projections 61c of the disengaging
lever 61 engages with the top 62c of the cam plate 62a
of the indexing wheel 62 as shown in FIG. 5, arms 61b
are removed from the engaging ring 21b as shown in
FIG. 7. When the projection 61c removes from the top
62c as shown in FIG. 6, arms 61b are biased to the
engaging ring 21b by the resilient force in the portions
61d, so that the arms engage with tapered surface 21c of
the engaging ring to take off the ring from the fourth
gear 12 resulting in the stop of rotation of the second
arbor 21.

A hammer 67 secured to the base plate at an end 67a
comprises a resilient portion 67b, a projection 67c en-
gaging with the end of the third manipulating member
26 (shown in FIG. 4), and an actuating slant 67d. When
the third manipulating member 26 is depressed, the
hammer 67 is biased so that the actuating slant 67d
engages with the heart cam 21 to rotate it and hence to
return the second hand to zero.

In operation, assume that the first manipulating mem-
ber 7 is positioned in the innermost position 7a in FIG.
4. With reference to FIG. 5, 1 Hz driving pulse is ap-
plied to the coil 54, so that the pinion 55a rotates one full
turn at the rate of two steps per 2 second. The rotational
speed of the pinion §5a is reduced by the train compris-
Ing the gear 56, fifth wheel 60 and fifth wheel pinion 60a
to rotate the fourth wheel 12 at the rate of 60 step per
minute. At this time, the sixth wheel pinion 59a and
sixth wheel §9 idle. Rotation of the fourth wheel 12 is
transmitted to the second arbor 21 and second hand 22
through the engaging ring 21b, spring washer 21d and
heart cam 21a, so that the second hand rotates at the
rate of one step per second.

Pulling out the first manipulating member 7 to the
Intermediate position 7b of FIG. 4, the setting lever 51
Is counterclockwisely rotated about the pin 51c, and the
pin 51d is moved from the notch 52a of the setting lever
spring 52 to the notch 52b as shown in FIG. 6. Rotation
of the setting lever causes the change lever 57 to rotate
clockwisely about the pin 58 to disengage the change
gear 56 from the fifth wheel 60 to engage it with the
gear 70. The end S1a of the setting lever 51 engages
with the switch blade 53 to apply the signal to the driv-
ing pulse change-over means 6, whereby 10 Hz pulse 1s
applied to the coil 54. Thus, the pinton 35a rotates at the
rate of 2 steps per 0.2 second. Rotation of the pinion 552
1S transmitted to the fourth gear 12 via the train com-
prising the gears 56, 70 sixth wheel 59, sixth wheel
pinion 59a, fifth wheel 60 and fifth wheel pinion 60a, so
that the second hand 22 may be rotated at the rate of ten
steps per second.

Pulling out the first manipulating lever 7 to the outer-
most position 7c (FIG. 4), the setting lever 51 is rotated
to the dotted line position 51g of which rotation does

not effect the rotation of the change lever 57 because
the cam groove 57a of the region has a circular cam face

with the pin S1c for its center. Supply of the pulse to the
coil 54 1s cut off by operation of a switch (not shown)
and the second hand 22 is stopped by operation of a
brake mechanism (not shown), of which detailed expla-
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nation is omitted since the mechanism i1s well known.
Under this condition, the hour hand 18 and minute hand
15 may be rotated to rotating the first manipulating
member 7 for the correction of the time display.

Now describing the chronograph operation, two
kinds of chronograph operations may be performed 1n
the illustrated watch, one of which is carried out with
the large step driving pulse and the other is carried out
with the small step driving pulse. Since both operations
are similar to each other, the latter case will be de-
scribed hereinafter. As mentioned above, when the first
manipulating member 7 is located in the iniermediate
position 7b, the change gear 56 engages with the sixth
wheel 59 as shown in FIG. 6 and the second arbor 21 1s
rotated at the rate of 600 steps per minute. Depressing
the second manipulating member 20, the starting lever
64 is biased in the direction of the arrow 64g to rotate
the ratchet 62b and cam plate 62a one step in the coun-
terclockwise direction. Thus, projection 61c removes
from the top 62c of the cam plate, so that the arms 61b
engage with the tapered portion 21c of the engaging
ring 21b resulting in removal of the engaging ring from
the fourth gear 12. Accordingly, the second arbor 21
and second hand 22 step upon the depression of the
second manipulating member 20. Thereafter, when the
third manipulating member 26 1s depressed, the slant
67d of the hammer 67 engages with the heart cam 21a to
rotate 1t together with the second hand 22 to the zero
position with sliding the tapered portion 21c of the
engaging ring 21b on the side of each arm 61b.

Depressing agaitn the second manipulating member
20, the starting lever 64 acts to rotate the ratchet 62b
and cam plate 62a one step, resulting in the engagement
of the projection 61c with the top 62c of the cam plate
62a. Thus, the arms 61b removes from the engaging ring
21c to engage the ring with the fourth gear 12 to rotate
the second hand. The minute wheel 24 may be returned
to zero by not shown mechanism stmilar to the above
described mechanism by depressing the third manipu-
lating member 26.

Whiie a single embodiment of the present invention
has been tllustrated and described, it will be apparent to
those skilled in the art that numerous variations and
modifications may be made. For example, change of the
steps of the second hand may be performed other mech-
anism than the axially moved manipulating member 7 as
rotational mechanism, the change gear may be axially
moved to change the engagement with axially arranged
fifth and sixth wheels and three or more kinds of driving
step may be employed to drive the second hand. It is
preferable to design the driving pulse change-over
means 6 to have time delay corresponding to the chang-
ing operation of the change lever 57 and change gear
56. The intermediate gear 70 may be omitted, if an elec-
tro-mechanical transducer 1s so arranged that the rotor

95 may be reversely rotated by a small step driving
pulse,

Referring to FIG. 8 showing an example of means for
generating large step and small step driving pulses and
means for changing the driving pulses, numeral 101
designates a quartz crystal oscilator producing the time
standard signal of 30720 Hz which may be advanta-
geously divided into 10 Hz and 1 Hz pulse signals. The
time standard signal i1s applied to a frequency divider
102, which includes a gate circuit 103 having 4 divi-
stonal rate. The gate circuit 103 produces 80 Hz pulse
signal by dividing the output of seventh flip-flop Q7 by
3. The 80 Hz pulse signal i1s applied to a second fre-
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quency divider 104 including a gate circuit 103. The
gate circuit has 1/10 divisional rate and hence the sec-
ond frequency divider 104 has 2-3x 10—! divisional
rate. Thus, the flip-flop Q12 produces 10 Hz pulse signal
for the small step driving and the gate circuit produces
! Hz pulse signal for the large step driving. Numeral 106
is a reset switch, 108 is a change-over switch for large
and small steps; 1687 1s a reset signal generating circuit
comprising a guard'circuit for opening operation of the
switch 106, and a date-mput flhip-flop for reading the
state of the switch using 40 Hz signal from the flip-flop
Q10 of the frequency divider 104 for clock pulse. The
guard circuit comprises a pullup resistor, an invester
and a transistor 109 is a change-over signal generating
circuit having similar construction as the circuit 107,

Numeral 110 is a gate circuit for producing the small
step driving pulse ¢10 of 10 Hz. When the first manipu-
lating member 7 is pulled out to the intermediate post-
tion 7a (FIG. 4), the switch 108 corresponding the driv-
ing pulse change-over means 6 is closed and the output
of the change-over signal generating circuit 109. 1s zero.
Accordingly, the output pulse is

$10=0Q0-Q11-Q2 -

which means that negative pulse of 10 Hz having the
width of 1/80 second is produced by the gate circuit
110. 111 is a gate circuit for producing the large step
driving pulse ¢1. The pulse 1s

d1=0Q10:Q11-Q12-Q13-Q14Q5Qis

That is the negative pulse of 1 Hz having the width of
1/80 second is produced. Both pulses $10 and 1 are
combined by an AND gate 112 to produce a signal ¢.
The signal ¢ acts to trigger a toggle flip-flop 113. The
signal ¢ and output Q and Q of the flip-flop 113 are
applied to a driving circuit 114, which in turn produces
alternative output pulse to drive the pulse motor 1135
corresponding the electro-mechanical transducer 8.
The reset signal from the reset signal generating circuit
107 is applied to the second frequency divider 104
through the gate 116 and inverter 117 to change the
output of Q11-Q16 to zero.

From the foregoing it will be understood that the
present invention provides an electronic timepiece In

which second hand may be driven step by step with a
small step on demand, whereby it is possible to set pre-

cisely the second hand to the time and to read accu-

- rately the time.

What is claimed 1s:
1. An electronic timepiece comprising: display means
having a plurality of hands for displaying time;

first means for producing a first pulse train of a first
predetermined frequency;

second means for producing a second pulse train of a
second predetermined frequency less than said first
predetermined frequency;

switch means for selecting one of said first or second
pulse trains and providing the selected pulse train
at its output;

an electro-mechanical transducer for converting said
selected pulse train into rotary motion;

transmission means for transmitting the rotary motion
of said electro-mechanical transducer to said hands
of said display means, said transmission means hav-
ing first and second drive ratios; and
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means for changing said drive ratio of said transmis-
sion means in response to the change in said se-
lected pulse train by said switch means.

2. The electric timepiece of claim 1

wherein said first means includes a quartz oscillator
for producing a high frequency time standard sig-
nal, and first divider means for reducing the fre-
quency produced by said quartz oscillator to said
first predetermined frequency:;

and wherein said second means includes second di-
vider means for reducing said first predetermined
frequency to said second predetermined frequency.

3. The electronic timepiece of claim 5 wherein said

display means includes:

an hour hand;

a minute hand; and

a second hand.

4. The electronic timepiece of claim 3 further com-

prising:

clutch means connected between said transmission
means and said second hand to disconnect said
second hand from said transmission means:

8

means for controlling the engagement of said clutch
means to selectively disconnect said second hand
from said transmission means in response to user
command; and
5 means for resetting said second hand in response to a
user command.
3. The electronic timepiece of claim 4 wherein said
second hand is used as both an actual time second hand
and as an elapsed time second hand:
wherein said means for resetting is actuated to reset
said second hand after said clutch means is disen-
gaged by said means for controlling, to disconnect
said second hand from said transmitting means; and

wherein said clutch means is engaged by said means
for controlling after said second hand is reset to
being the elapsed time function.

6. The electronic timepiece of claim 4 wherein said
means for resetting includes a heart cam and a user
activated hammer for rotating said heart cam to move
20 said second hand to the zero position.

7. The electronic timepiece of claim 4 wherein said
electro-mechanical transducer converts said selected

pulse train into intermittent rotary motion.
" % W * x
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