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Description
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to an
electronic watch which makes a smooth movement of
a second hand, and more particularly, to a structure
of a wheel train thereof.

A prior art electronic watch (e.g. Japanese Utility
Model Application No. 147940/1987 or PAJ, vol.
012359 [P-762], & JP-A-63-109389) is, as illustrated
in Fig. 3, composed of: an accumulating means con-
sisting of a hair wheel 9, a hair spring 10 and a hair
pinion 11; and a control means consisting of a viscous
rotor spindle 13, a viscous rotor 14, a viscous fluid 17
and a container 19, these means being constructed
separately. Based on the arrangement which is dis-
closed in Japanese Patent Publication No.
47512/1981, as depicted in Fig. 4, a second hand
spindle 3, a minute hand spindle 40 and an hour hand
spindle 47 are disposed about the center of a base
plate 21. Superposed on these spindles are a driving
magnet 43, a driven magnet 44 immersed in a viscous
fluid and a linkage magnet 45. With this arrangement,
the rotation of a fourth wheel 15 is smoothly transmit-
ted by the magnetic attraction.

The foregoing conventional electronic watch
presents the following problems. As shown in the ex-
ample of Fig. 3, the accumulating means and the con-
trol means are constructed separately from each
other, which requires intermediate wheels 12 and 48
for linking these two means. This kind of arrangement
entails a relatively large area and is unsuitable for
miniaturization. In the example depicted in Fig. 4,
when the hour hand is mounted, there are superposed
hour hand spindle 47, minute hand spindle 40 mount-
ed with the minute hand, the fourth wheel 15 for driv-
ing second hand spindle 3 and a third wheel 25 for
linking the fourth wheel to a second wheel 39. Added
to this configuration are driving magnet 43, driven
magnet 44, linkage magnet 45 and a second wheel
train receiver 46 for retaining these magnets, as a re-
sult of which it is difficult to decrease the thickness of
watch because of its thick movement.

It is a primary object of the present invention to
eliminate the above-described problems and to pro-
vide a wheel train structure suited to miniaturization
and also to thinning of a watch which makes a smooth
movement of its hand.

This object is achieved with an electronic watch
as claimed in claim 1.

According to one aspect of the invention, there is
provided an electronic watch which makes a smooth
movement of a hand, comprising: an accumulating
means for accumulating rotational energy of an actua-
tor which is intermittently driven; and a control means
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for continuously releasing the rotational energy accu-
mulated in the accumulating means, wherein the ac-
cumulating means and the control means are
coaxially constructed and disposed apart from the
central spindle mounted with a hand.

Specific embodiments of the
claimed in the dependent claims.

Other objects and advantages of the invention will
become apparent during the following discussion in
conjunction with the accompanying drawings, in
which:

Fig. 1 is a sectional view of a wheel train unit, il-

lustrating a first embodiment of an electronic

watch according to the present invention;

Fig. 2 is a sectional view showing a second em-

bodiment of the electronic watch of the invention;

Fig. 3 and 4 are sectional views each depicting a

conventional electronic watch;

Fig. 5 is a sectional view showing a third embodi-

ment of the electronic watch of the invention;

Fig. 6 is a sectional view depicting a fourth em-

bodiment of the electronic watch of the invention;

Fig. 7 is a conceptual diagram showing an em-

bodiment of an accumulating means incorporated

in the electronic watch of the invention;

Fig. 8 is a characteristic diagram of the accumu-

lating means depicted in Fig. 7;

Fig. 9 is a graphic chart showing an example of

characteristics in the case of employing a hair

spring as the accumulating means of the electron-
ic watch of the invention;

Fig. 10 is a sectional view showing a fifth embodi-

ment of the electronic watch of the invention;

Fig. 11 is a sectional view illustrating a sixth em-

bodiment of the electronic watch of the invention;

and

Fig. 12 is a plan view illustrating an electronic

watch according to the invention.

Turning first to Fig. 1, there is illustrated a sec-
tional view of a wheel train unit in a first embodiment
of an electronic watch according to the present inven-
tion. Fig. 12 is a plan view depicting the entire mech-
anism including the wheel train unit of Fig. 1. An
accumulating means functions to accumulate rota-
tional energy in the form of elastic deformation of a
hair spring 10 by elastically connecting a hair wheel
9 and a viscous rotor 14 through hair spring 10. A con-
trol means behaves to control a rotational velocity by
utilizing a viscous resistance of a viscous fluid 17 in
which the viscous rotor 14 is immersed within a fluid
container 19 mounted on a base plate 21. An actuator
involves a step motor composed of a coil 1, a magnet-
ic core 2, a stator 4 and arotor 5. Coil 1 causes amag-
netic field for driving rotor 5 through magnetic core 2
and stator 4. Rotor 5 drives hair wheel 9 through a
sixth pinion 6, a fifth wheel 7 and a fifth pinion 8. A hair
pinion 11 serves to drive a fourth wheel 15 through an
idler 12. Hair pinion 11 and viscous rotor 14 are fixed

invention are
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to a viscous spindle 13, while hair wheel 9 is rotatable
about viscous spindle 13. Fifth wheel 15 is fixed to a
second hand spindle 3 integral with a fourth pinion 41,
thereby driving a second hand 16. Fourth pinion 41 in
turn drives, through a third wheel 25, a minute hand
spindle 40 fitted with a minute hand 38 and a second
wheel 39. Minute hand spindle 40 is disposed at the
center of base plate 21, thus serving as a central spin-
dle. The reference numeral 22 designates a wheel
train receiver, disposed vis-a-vis with base plate 21,
for retaining the wheel train. The numeral 23 denotes
a minute wheel for driving an hour hand; 24 repre-
sents a small iron wheel meshing with a sliding pinion
37 by the action of a setting lever 31 and a gate bar
30 when operating a winding stem 32. The hour and
minute hands can thus be adjusted. The numeral 33
stands for an IC having a timer circuit; and 35 indi-
cates an oscillator quartz crystal. IC 33 and quartz
crystal 35 cooperate to supply coil 1 via a circuit sub-
strate 34 with driving signals for moving rotor 5 of the
step motor. The numeral 36 denotes a battery.

Fig. 2 is a sectional view showing a second em-
bodiment of the electronic watch in accordance with
the present invention. In this case container 19 is in-
tegrally formed with the base plate 21. Fifth wheel 7
serves to drive hair pinion 11, and viscous fluid 17 is
present between hair wheel 9 and the surrounding
walls of container 19, whereby hair wheel 9 is smooth-
ly moved. Second hand 16 is then driven through
fourth wheel 15. Note that hair pinion 11 is rotatable
about viscous spindle 13 fixed to hair wheel 9, and
hair pinion 11 is linked through hair spring 10 to hair
wheel 9. This structure permits the integrality of the
viscous rotor with the hair wheel, which, in turn, caus-
es a drop in cost.

Referring to Fig. 5, there is shown a sectional
view of a third embodiment of the electronic watch of
the invention. A hair spring 10 connected to hair pinion
11 is provided inwardly of hair wheel 9. Viscous fluid
17 is, after being supplied, sealed with a cap 18. Vis-
cous fluid 17 is stagnant in a gap defined by cap 18,
hair pinion 11 and hair wheel 9 by dint of the surface
tension. In this configuration, the force is imparted
from hair wheel 9 via hair spring 10 to hair pinion 11.
However, the deformation of hair spring 10 is so regu-
lated by the viscous resistance of viscous fluid 17 as
to provide a gradual deformation, and it follows that
the hair pinion continuously rotates. Based on this
kind of structure, the electric current consumed can
readily be reduced, because there is no loss of step
motor energy between the base plate and the motor
itself due to the viscous load.

Fig. 6 is a sectional view illustrating a fourth em-
bodiment of the electronic watch of the invention. Fifth
wheel 7 intermittently drives hair pinion 11, with the re-
sult that the hair wheel is smoothly driven through hair
spring 10 immersed in viscous fluid 17. In accordance
with such an arrangement only hair pinion 11 is inter-
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mittently rotated, and the inertia moment of the inter-
mittently movable member can be reduced, resulting
in a drop in consumption of electric currents.

Fig. 9 is a graphic chart showing an example of
characteristics of the restoring torque and the winding
angles of a hair spring. When the winding angle in-
creases due to angular deviation between hair pinion
11 and hair wheel 9, the restoring torque increments
almost proportionally. On the other hand, the viscous
load associated with the viscous fluid is proportional
to arotational velocity, and hence the rotation is given
in a state where the viscous load is equilibrated with
the restoring torque.

Fig. 7 is a conceptual diagram depicting another
example of the accumulating means incorporated in
the electronic watch of the invention, wherein the
magnetic attraction or repulsion of a pair of magnetic
elements is utilized. The symbol 10a represents a
driving magnet, and 10b denotes a driven magnet.
The symbols 10c and 10d indicate magnetizing boun-
daries between N and S pole. In this configuration,
when causing angular deviation ©, the restoring tor-
que, as illustrated in Fig. 8, varies in the form of a sine
wave. Hence, if the load torque of the control means
is set so that the angular deviation does not exceed
180°C, the same utilization as with the hair spring can
be attained.

Fig. 10 is a sectional view showing a fifth embodi-
ment of the electronic watch of the invention, wherein
driving magnet 10a and driven magnet 10b are provid-
ed instead of a hair spring employed in the example
of Fig. 1. With this arrangement, there is no necessity
for handling an easy-to-deform hair spring. Further-
more, the magnets can be magnetized after having
been assembled in the watch movement. This makes
the assembly of the watch movement substantially
easier since it is not influenced by magnetic forces.

Fig. 11 is a sectional view illustrating a sixth em-
bodiment of the electronic watch of the invention.
Driving magnet 10a and driven magnet 10b are dis-
posed in the axial direction, which arrangement pre-
vents a leakage of magnetic field by equalizing the
magnitudes of magnets. Consequently, bad influenc-
es on the step motor can be prevented.

Six kinds of embodiments of the electronic watch
according to the present invention have so far been
discussed in detail. The essential arrangement of the
present invention is that the accumulating means and
control means are coaxially constructed and dis-
posed apart from the center of the watch body. There-
fore, the present invention is not limited to those
examples. For instance, the actuator may be a piezo-
electric element which makes reciprocatory motions
or may be an ultrasonic motor. As a matter of course,
the control means not only involves the use of the vis-
cous fluid but includes a velocity adjusting unit such
as an electromagnetic brake or an escapement.

As discussed above, the present invention exhib-
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its remarkably significant and tremendous effects as
follows. The accumulating means and the control
means are coaxially constructed and disposed apart
from the center of watch body. This arrangement
leads to decreases in the number of components, in
size and in cost, and further facilitates the thinning of
the watch.

Although the illustrative embodiments of the pres-
ent invention have been described in greater detail
with reference to the accompanying drawings, it is to
be understood that the invention is not limited to those
precise embodiment. Various changes or modifica-
tions may be effected therein by one skilled in the art
without departing from the scope or spirit of the inven-
tion.

Claims

1. An electronic watch which makes a smooth

movement of a hand, comprising:

an accumulating means (10; 10a, 10b) for
accumulating rotational energy of an actuator (1,
2, 5) which is intermittently driven; and

a control means (14, 17) for continuously
releasing the rotational energy accumulated in
said accumulating means, characterized in that
said accumulating means and said control means
are coaxially constructed and disposed apart
from a central spindle (3) fitted with a hand.

2. The electronic watch as set forth in Claim 1,
wherein said control means is composed of a ro-
tor (14) immersed in a viscous fluid (17).

3. The electronic watch as set forth in Claim 1 or 2,
wherein said accumulating means is composed
of a hair spring (10).

4. The electronic watch as set forth in Claim 1 or 2,
wherein said accumulating means is composed
of a pair of permanent magnets (10a, 10b) ar-
ranged in a face-to-face manner.

5. The electronic watch as set forth in Claim 3,
wherein said hair spring (10) is immersed in said
viscous fluid (17).

6. The electronic watch as set forth in Claim 3,
wherein said hair spring (10) is connected to aro-
tor (14) immersed in said viscous fluid (17).

7. The electronic watch as set forth in Claim 4,
wherein one (10b) of said permanent magnets
(10a, 10b) is connected to a rotor (14) immersed
in said viscous fluid (17).
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Patentanspriiche

1. Elektronische Uhr mit einem stetig bewegten Zei-

ger, umfassend:

eine Speicheranordnung (10; 10a, 10b)
zur Speicherung der Rotationsenergie eines
Aktuators (1, 2, 5), der intermittierend angetri-
eben wird; und

Steuermittel (14, 17) zur kontinuierlichen
Freigabe der in der Speicheranordnung gespei-
cherten Rotationsenergie, dadurch gekenn-
zeichnet, dal® die Speicheranordnung und die
Steuermittel koaxial aufgebaut sind und entfernt
von einer mit einem Zeiger versehenen zenfralen
Welle (3) angeordnet sind.

2. Elektronische Uhr gemaR Anspruch 1, bei der die
Steuermittel einen in ein zahflissiges Fluid (17)
eintauchten Rotor (14) umfassen.

3. Elektronische Uhr gemaR Anspruch 1 oder 2, bei
der die Speicheranordnung eine Unruhfeder (10)
umfafdt.

4. Elektronische Uhr gemaR Anspruch 1 oder 2, bei
der die Speicheranordnung ein Paar von Dauer-
magneten (10a, 10b) umfalt, die einander ge-
geniiberliegend angeordnet sind.

5. Elektronische Uhr gemaR Anspruch 3, bei der die
Unruhfeder (I0) in das zahflissige Fluid (17) ein-
getaucht ist.

6. Elektronische Uhr gemaR Anspruch 3, bei der die
Unruhfeder (10) mit einem in das zahfliissige Flu-
id (17) eingetauchten Rotor (14) verbunden ist.

7. Elektronische Uhr gemaR Anspruch 4, bei der ei-
ner (10b) der Dauermagneten (10a, 10b) mit ei-
nem in das z&hfliissige Fluid (17) eingetauchten
Rotor (14) verbunden ist.

Revendications

1. Une montre électronique qui assure un mouve-
ment progressif d’'une aiguille, comprenant :
des moyens d’accumulation (10 ; 10a,
10b) destinés a accumuler de I'énergie de rota-
tion d’un actionneur (1, 2, 5) qui est entrainé de
fagon intermittente ; et
des moyens de commande (14, 17) desti-
nés a libérer de maniére continue I’énergie de ro-
tation qui est accumulée dans les moyens
d’accumulation, caractérisée en ce que les
moyens d’accumulation et les moyens de
commande sont réalisés de maniére coaxiale et
sont disposés a distance d’'un axe central (3) sur
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lequel est montée une aiguille.

La montre électronique selon la revendication 1,
dans laquelle les moyens de commande sont
constitués par un rotor (14) immergé dans un flui- 5
de visqueux (17).

La montre électronique selon la revendication 1
ou 2, dans laquelle les moyens d’accumulation
sont constitués par un ressort de balancier (10). 10

La montre électronique selon la revendication 1
ou 2, dans laquelle les moyens d’accumulation
sont constitués par une paire d’aimants perma-
nents (10a, 10b) placés face a face. 15

La montre électronique selon la revendication 3,
dans laquelle le ressort de balancier (10) est im-
mergé dans le fluide visqueux (17).

20
La montre électronique selon la revendication 3,
dans laquelle le ressort de balancier (10) est ac-
couplé a un rotor (14) qui estimmergé dans le flui-
de visqueux (17).
25
La montre électronique selon la revendication 4,
dans laquelle I'un (10b) des aimants permanents
(10a, 10b) est accouplé a un rotor (14) qui est im-
mergé dans le fluide visqueux (17).
30
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