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-1 DRIVE UNIT FOR A ROTARY DECORATI ON The present invention rel at4%5%p 3&s
drive unit for a rotary decoration applied, for exanple, to a table clock
with a rotary decoration. Atable clock with a rotary decoration is popul ar
‘as.-a highly decorative high-grade table clock. A rotary decoration
constituting a main conponent of the tabje clock with a rotary decoration
is usually nounted rotatably on a vertical shaft, so as to cause a swi ng
novenment around this vertical shaft in a hori zontal direction. A hair
spring or notor is used as a nechanismfor causing a reciprocative sw ng
nmovenent of the rotary decoration. A first exanple adopting a hair spri ng
is, for exanple, constituted in such a manner that a rotary decoration is
given t he PBEVEr UNATI FORSA ROTARY CHECORRYTORE appl i cation of_the_
bal ance-wheel” nmotor principle used rn a transistor clock, while its
rotational shafThesppesendednverid ol i yebatea tboe dhadrieer umgdt ofause a
noderate sine curve, thus inparting an

rotary decoration applied, for example, to a table clock with

a rotary decoration.

A table clock with é rotary decoration is popular as a
highly decorative high-grade table clock. A rotary
decoration constituting a main component of the table clock
with a'rotary decoration is usually mounted rotatably on a
vertical shaft, so és to cause a swing movement around this
vertical shaft in a horizontal direction. A hair sPring or
motor is used as a mechanism for causing a reciprocative
swing movement of the rotary decoration.

A first example adoptlng a hair spring is, for example,
constltuted in such a manner that a rotary decoration is
given the rec;procat1ve_sw1ng movement by the application of
the balance-wheel motor principle used in a transistor clock,
while its rotational shaft is provided to be driven via the
hair spring to cause a moderate sine curve, thus imparting an
elegant motion to the rotary decoration. (Fbr example, refer
to the Japanese Utility Model Publication No. 21821 of 1985)

However, this hair spring type rotary decoration is

disadvantageous in that it is accompanied with a complicated



elegént notion to the rotary decoration. (For exanmple, refer to the .
Japanese Utility Mdel Publication No. 21821 of 1985) However, this hair
spring type rotary decoration is disadvantageous in that it is acconpanied
with a conplicated -2- design and manufacturing process and therefore it
I's not suited for mass production, and fyurthernore has a high parts cost,
and is troublesone to instal|l since careful attention is required in
installing the hair spring. The applicant of this application has proposed
a second exanpl e of a stepplng not or equi pped type in the Japanese Patent
Application No. 43718 of 1991, wherein a stepping notor capable of rotating
in both th&8eSdGRal 2B dTeEVEASEUTLRGCBINNESS aBdpitderafinre hit disvaat ni ng

of this stepple%bgptor is controlled in such ah%anner that a raotary
decor at i on S&t maSS Brodurtiqnn?Rg FBtEherrore has a high pdrts

cost, and is troublesome té install 'since careful attention
is required in installing the hair spring.

The applicant of this application has proposed a second
example of a stepping motor equipped type in the Japanese
Patent Application No. 43718 of 1991, wherein a stepping
motor capable of rotating in both the normal and reverse
directions is adopted, and the drive timing of this stepping -
motor is controlled in such a manner that a rotary

decoration can have a reciprocal swinging movement
following substantlally the same sine curve as arises when
using a hair-spring. ’

The drive unit using the reciprocating motor described
in the second example which controls a decoration so as to
move it along a sine curve similar to the case where a hair
spring is used is constituted by using a damper such as a
coil spring in the transmission gear train so that a smooth

rotational motion can be obtained in thé decoration
regardless of the stepping motor. However, this arrangement
has ;be'follgwing tbfee.problems to be solved.

(1) In order to speed up a rotation perioci without
varying the maximum swing ahgle 61, it is normally required
to reduce the interval d of an output'pulse for driving a

step motor. In other words, it is required that the pulse

-



follow ng substantially the same sine curve as arises when using a
hair-spring. The drive unit using the reciprocating notor described in the
second exanpl e mhlch controls a decoration so as to nove it along a sine
curve simlar to the case where a hair spring is used is constituted by
usi ng a danper such as a.coil spring in the transm ssion gear train so that
a snmooth rotational notion can be obtainéd in the decoration regardl ess of
the stepping nmotor. However, this arrangenent has the following three

“problens toghesyved ¥d) s'h%rftréill‘:érd 8o SRRt URufekSLat IANAEE T dnni phout

varying the maxi numswi ng angle [err], it 1s normally required to reduce
the intervajerbeftad wikpih HWwert %eﬁiédlm ®igd ep notor. I n other

words, it is required that the pul se -3- interval d be shortened so that
nunerous pul ses ranviiew of the performance of the stepping motor, the

minimum pulse interval d,, is restricted to a predetermined
value. Therefore, the maximum pulse interval d,,, must be made
smaller. |

If the maximum pulse interval d,, is reduced to a
smaller \_ralue, the difference between the maximum pulse
interval d,,, and the minimum pulse interval d,, becomes
small. Hence, the difference between the angular velocity
Wmx Of the rotary decoration during low-speed rotation and
the angular ve;Lor;:ity @nj, Of the rotary decoration 'during
high-speed rotation likewise becomes sméll. Thus, there is
no crispness in the iotation of the rotary decoration.

Fu;thermoré, if the maximum pulse _interval dpx is
reduced to a smaller value, the angular velocity © cannot be
sufficiently reduced when the rotary decoration changes its
rotational direction. Namely, the rotary decoration starts
to move fast from the beginning. As a result, the behavior
of the rotary decoration looks awkward. And, therefore,
there was a problem-such that the elegant swing'movement
desired could not be given to the rotary decoration.

Moreover, .if numerous pulses are generated within a

limited short period of time, electric power consumption



generated within a short period of tine. In view of the performance of the
st epping notor, the mninmum pul'se interval [err] is restricted to a
predeterm ned val ue. Therefore, the maxi num pulse interval [err] nust be
made smaller. If the maxi mum pul se interval [err] is reduced to a smaller
val ue, the difference between the maxi num pul se interval [err] and the

m ni mum pul se interval [err] becones small. Hence, the difference between
the angul ar velocity [err] of the rotary decoration during | ow speed
rotation and the angular velocity [err] of the rotary decoration during
hi-gh-speed rotation |ikew se becones sfmall. Thus, there is no crispness in
the rotation of the rotary decoration. Furthernore, if the nmaxi mum pul se
interval [err] is reduced to a smaller value, the angular velocity [err]
cannot be snéfdadezntang tadutete WWEntHd®dutedlyy ideghbatbfbd changes its

rotational direction. Nanely, the rotary decoration starts to nove fast
from t he begi nni3lg.Whess ther exitlairy deeolbehavnochafgédeitot avyatibaoaht i on
| ooks a“kwgiﬁkctiéﬁuja.22%3?2%&?hg is wound up. At thé beginni £
n, ginning o
this winding up operation, the rotary decoration is stopped
for a while, due to the fact that this coil spring is once
loosened to a unwound-up condition, and wound up again.
Accordingly, it was not possible to give the elegant swing
movement desired to the rotary decoration.
| (3) Even if the driving pulée for the stepping motor is
suddenly stoppéd, the wound-up coil spring is gradually
loosened. Therefore, the spring force stored in the coil
spring is gradually given to the rotary decoration. Thus,
the rotary decoration continues to rotate for a while due to
its inertia.
Accordingly, even if a pulse for causing the stepping motoi
to rotate in the reverse direction is sﬁddenly outputted so
as to reverse the rotational direction of the rotary.
decoration, the rotary decoration maintains its rota'ational
direction for a while by virtue of its inertia. As‘'a result,
the rotational driving force of the stepping motor and the
inertia derived frbm the coil spring ac;ing.in the reverse
direction interfere with each other. . Thus, irregularities

arise in the motion of the rotary decoration.

Consequently, the present invention seeks to provide a



s

t here was a probl em such that the el egant swi ng novenent desired coul d not
be given to the rotary decoration. Mreover, if nunerous pul ses are :
generated within a limted short period of t[ne el ectric power consunptlon
-4- increases and the life of the battery is shortened. (2) Wen the rotary
decoration changes its rotational direction, a coil spring is wound up. At
t he beginning of this wi nding up operatibﬁ‘ t he rotary decoration S
stopped for a while; due to the fact th hIS coi l r|n 0 | oosened
to a unwound- BF EEdR onOn S ¥ Tt ’ﬁ:’bd’f I’ys cf? %@2 not
possible to gicyf: g i e egedte lagart rmmmganﬁowtemmecaém:téﬁe retexiyif a

suddenl y. st oprRHETh e st a £ udy T G R A ©
Therefore, t hetlssprtrglépmwm @eafr itraire coil
5 Accordingly the present invention provides a drive
unit for a rotary decoration, which drive unit causes h
the rotary decoration to rotate alternately in a
forward and a reverse direction in a substantially
sinusoidal manner, having a stépping motor coupled to

10 the rotary decoration through a damping circuit, a
control circuit to control the movement of.the stepping
motor, and a memory circuit containing drive timing
data relating to the time interval between successive
movement steps of the stepping motér, wherein the

15 control circuit controls the movement of the stepping
motor in accordance with the drive timing data in the
memory circuit, and wherein the drive timing data is
such that the magnitude of said time intervals varies
in a non-sinusoidal manner.

20 For a better understanding of the present
invention, and to show how it may be brought into
effect, reference will now be made, by way of example,
to the following drawings, in which: -

Figure 1 shows diagrammatically the relationship

25  between a rotary decoration and its rotational angle.

Figure 2 is a wave form chart for operation pulses
of a known rotary decoration drive unit.

Figure 3 is a wave form chart showing operation
pulses for a first embodiment of the present invention.

30 Figure 4 shows the relationship between the rotary

 decoration member and its rotational angle during
operation of the first embodiment of the invention.
Figure 5 is a wave form chart showing operation -
pulses for a second embodiment of the present
35 invention. '

Figure 6 shows the relationship between the rotary



spring is gradually given to the rotary decoration. Thus, the rotary
decoration continues to rotate for a while due to its inertia. Accordingly,
even if a pulse for causing the stepping notor to rotate in the reverse
direction is suddenly outputted so as to reverse the rotational direction
of the rotary decoration, the rotary decoration nmaintains its rotational
direction for a while by virtue of its intrtia. As a result, the rot ati onal
driving force of the stepping notor and the inertia derived fromthe coi

spring acting 98FAIREHR &b 1S ST e AN YL RAPPREREIOD TFhus,
irregulariti e aHixl igmddeimerit af afhd himvenitaron decor ati on. Consequently,

decor at i on whi ch | S 33%I 5 B ST T ST R Best r od
even i f a pulses in accordance with the third embodiment of the
5 present invention. '
Figure 8 is a block diagram showing a circuit
configuration.
Figure 9 is a partially cross-sectioned side view
showing the specific configuration of the apparatus of
10 an embodiment of the invention. ‘
Figure 10 is a cross-sectioned plan view showing
the specific configuration of the apparatus of an

embodiment of the invention.



danper menber such as a coil spring is configured in the transm ssion gear
ttain. 5 Accordingly the present invention provides a drive unit for
a rotary decoration, which drive unit causes the rotary decoration to
rotate alternately in a forward and a reverse direction in a substantially
si nusoi dal manner, having a stepping notor coupled to 10 the rotary
decoration through a danping circuit, a control circuit to control the
nmovenent of the stepping notor, and a menory circuit containing drive
timng data relating to the time interval between successive novenment steps
of the stepping notor, wherein the 157Control circuit controls the novenent
of the stepping notor in accordance with the drive timng data in the
menory circuit, and wherein the drive timng data is such that the

magni tude of said tine intervals varies in a non-sinusoidal manner. 20

For a better understanding of the present invention, and to show how it may
be brought into

The present invention basically aims to simulate the.
operation timing of the stepping motor driving the rotary
decoration in oxderx ﬁo cause the output shaft to realize a
moderate speed éhange as if_ the rotary decoration were
swinging by use of a hair spring. The moderate speed change’
of the rotary decoration wili be explained with reference:tb

Fig. 1.

In Fig. 1, a rotary decoration 5 is shown with the centre of

its front surface aligned with a point P. The rotary decoration 5 rotates in a

clockwise direction by an angle of +01 until it reaches a
point P1l, and then reverses its rotational direction (rotates
in a counterclockwise direction) to retufn from the point P1
to the point P. Subsequently, this rotary decoration 5
rotates further in a counter direction by an angle of -él
until it reaches a point P2.

In this manner, the rotary decoration 5 causés a
reciprocative swing motion having a cycle reciprocating

between these three points Pl, P, and P2 in an order of P -



effect, reference will now be nmade, by way of exanple, to the foll ow ng
drawi ngs, in which: Figure 1 shows diagrammatically the relationship 25
between a rotary decoration and its rotational angle. Figure 2 is a wave
formchart for operation pul ses.of a known rotary decoration drive unit.
Figure: 3 is a wave formchart show ng operation pulses for a first

enbodi nent of the present invention. 30 Figure 4 shows the

rel ati onshi p between the rotary decoration nmenber and its rotational angle
during operation of the first enbodiment of the invention. Figure 5is a
wave form chart show ng operation pulses for a second enbodi nent of the
present 35 invention. Figure 6 shows the8rel ationship between.the rotary

-6-
Pl - P - P2 -~ P ————,

By causing the stepping motor to change its sbeed like a
cbsine curve having a predetermined period, it is possible to
change the speed of the rotary decoration by the stepping motor
in-'such a manner that the rotary décoration changes its speed
like a sine curve.

As means for causing such a speed change, the operation

_ pulse interval d is reduced for the s;eéping motox, as the
.angular velocity v of the rotary decoration becomes large.
Conversgly, when the angular velocity © of the  rotary
decoration is small, the operation. pulse interval d is
increased to a large value. (See, Fig. 2)

However, in a case where the rotary decoration 5 is
controlled to swing like a sine curve, its transmission gear
train is configured to include a daméer member such as a coil
spring which will be described 1atér, in order to realize the
smooth swing motion of the rotarxry decoration even if it is
driven by a stepping motor. |

| In such a case, in order to speed up the rotation period
without varying the maximum swing angle 61, it is normally
necessary to reduce the interval d of an output pulse for
driving the stepping motor. In other words, it is necessary to
shorfen the pulse interval d so that numerous pulses can be
generated within a limited period of time. |

In view of the performance of the stepping motor, the



decoration and its rotational angle during operation of a third enbodi nent
of the invention. Figure 7 is a wave formchart show ng operation pulses in
accordance with the third enbodi ment of the 5 present invention. Figure 8
is a block diagramshowing a circuit configuration. Figure 9 is a partially
cross-sectioned side view showi ng the specific configuration of the
apparatus of 10 an enbodi nent of the in%ention. Figure 10 is a
cross-sectioned plan view showi ng the specific configuration of the

.ggg?ggf :JS n@nﬁxﬂfn?’@Hﬂ{e{ﬁt%véfe%,;ig"leé“h?é‘tricté% '-'%%hg ﬁES&é’E&r{nE ggtion

y arns tosinulate e op ttontimng o e steppl ng notor

driving thg fl arYeherefore, the maximum pulse interval d. must be
made smaller.

If the maximum pulse interval d.,, is reduced to a
smaller value, a difference between the maximum pulse
interval d_ ,, and the minimum puise interval d,, becomes
small. Hénce, the difference between the angular velocity |
Wgx Of the rotary decoration during low-speed rotation and an
angular velocity .., of the rotary decoration auring high-
speed rotation likewise becomes small. Thus, variance in the
rotation of the rotary decoration disappears.

Furthermore, if the maximum pulse intexrval d,, is
reduced to a smallef value, the angular velocity e cannot be .
sufficiently reduced when the rotary decoration changes its
rotational direction. Namely, the rotary decoration begins
to move fast from the beginning. As a result, the behavior
of the rotary decération looks awkward. And, therefore,
there was a problem such that the elegant swing movement
desired could not be given to the rotary decoratién.

Moreo&er, if numerous pulses are generated within a
 short period qf time, electric power consumption inéreases
énd the life of the battery is shortened.

in order to solve such a p?oblem, the angular velociﬁy

should be accelerated and decelerated before and after the



decoration in order to cause the output shaft to realize a noderate speed
thange as if the rotary decoration were swingi-ng by use of a hair spring.
The noderate speed change of the rotary decoration will be explained with
reference to Fig. 1. In Fig. 1, a rotary decoration 5 is shown with the
centre of its front surface allgned with a point P. The rotary decoration 5
rotates in a clockwise direction by an-dfigi e of [err] until it reaches a
point Pl, and then reverses its rotational dlrectlon (rotates in a

count er ol ock 3%, AULECHLEN! 3 TS ILOTLEDS BELIL ORI Gl Nin

Subsequent Iy, IS TO I On I N a coun

foclon Shananeagtelots) 1ALy L%%%%fﬁﬁ&;% Sokph, 2 {eibiomamnner

reci procat ifig, et d MBS d HHRE re@iayS dBeorBtidRdab2ai fordtoheespsdd P -
at the section where the rotary decoration rotates at its
maximum speed; i.e. when it passes the middle section of its
swing movement in one rotational direction..

In accordance with the first embodiment of the present
invention, as shown in Fig. 3, pulse iptervals are set to be
the small, equal intervals within a predetermined section C
in the middle section in the swing movement of the rotary
decoration in one direction.

By adopting the pulse waveform shown in Fig. 3, the
rotary decoration 5 is gradually accelerated in the direction
of its normal rotation, and is driven at a constant speed in
the middle section (i.e. a section between points P3 and

P4 in Fig. 4), and is.gréduélly decelerated after
passing this middle section. | |

Then, the puises for driving the stepping motor in the
reverse direction are outputted and reversal begins.
Therefore, the rotary decoration 5 is.grédually acceleratéd
in .a direction of'its reverse rotation, and is driven at a
constant speed in the middle section (i.e. the section

.between the points P3 and P4 in Fig.l ), and then
gradually decelerated after passing this middle section.

This behavior repeats from this point -on.



-8- P1 P - P2 - P By causing-the stepping notor to change its speed |ike
a cosine curve having a predeternined period, it is possi bl e to change the
speed of the rotary decoration by the stepping notor in such a manner that
the rotary decoration changes its speed |like' a sine curve. As neans for
causi ng such a speed change, the operation pulse interval d is reduced for
the stepping notor, as the angular velocity [err] of the rotary decoration
beconmes | arge. Conversely, when the angular velocity [err] of the rotary
decoration is small, the operation pulse interval d is increased to a |large
value. (See, Fig. 2) However, in @aicase where the rotary decoration 5 is
controlled to swing like a sine curve, its transmssion gear trainis
configured to include a danper nenber such as a coil spring which will be

described | at gfy dlchPIISL%r gBBvée I 28 chbE O AR W?GSSMA&%QL the rotary

decoration even if it is driven by a stepping not
: shown in Fig. 2 is adopted, the rotary decoration 5 is

gradually accelerated at the beginning of its swing motion in
the normal direction and gradually decelerated once past a
central point (i.e. the point P in Fig. 1).

HQwever, in a case where the pulse waveform shown in
Fig. 3 is adopted, the rotary decofation 5 can be decelerated
.within a smaller section; i.e. from the point where the
rotary decoration has just passed thé middle section to the
apogee of' rotation (i.e. a section from the point Pé to the
point Pl., or a section from the point P4 to the point P2).

Therefore, it becomes possiblé to complete the
-deceleration within a short period of time and therefore the

rotary decoration 5 can have an elegant swing motion.

Next, a second embodiment of the pres'ent invention is
explained with reference to accompanying drawings.
The coil spring is wound up when the rotary decoration
5 changes its rotational direction, that is, in Fig.4, Qhen the rotary
‘decoration 5 rotates in a clockwise direction by an angle of
+81 until it reaches the point Pl and then reverses its
rotational direction (i.e. rotates in a counterclockwise
~ direction) to return from the point Pl to the point P. The
rotary - -decoration 5 stops its rotational motion during the.

period of time required for loosening the wound coil spring



In such a case, in order to speed up the rotation period wthout varying

t he maxi mum swing angle 01, it is normally necessary to reduce the interval
d of an output pulse for driving the stepping notor. In other words, it is_
necessary to shorten the pulse interval d so that numerous pul ses can be
generated within a limted period of tine. In view of the performance of
the stepping notor, the -9- mninmumpulse interval [err] is restricted
to a predeterm ned value. Therefore, the maxi mum pulse interval [err] must
be nmade smaller. If the maxi mum pul se interval [err] is reduced to a
smal l er value, a difference between-the maxi mum pul'se interval [err] and
the m ni mum pulse interval [err], becones snmall. Hence, the difference

bet ween t he angul ar yelpcit¥l[ern of the rotary decoration during
IO\/\/-speecP-"rdotf&Fi BEe-%inding the coil spring. As a result, it becomes

- impossible to impart an elegant swing motion to the rotary
decoration 5.
In oxdexr to solve such a problem, in accordance with the
seéond embodiment of the present invention, as shown in Fig. 5,
the pulse interval becomes close in a predeterﬁined
section A immediately éfter the rotary decoration has changed
its rotational direction. That is to say, by outputting
driving pulses in a short period of time in the amount
required to loosen the wound coil spring and then re-wind it,
it becomes possiﬁle to promptly wind up the coil. As a
result, the rotary decoration 5 is prevented from stopping at
the time when the rotational direction of the rotary

decoration 5 is changed. Thus, an elegant swing movement can

be realized.-

Next, a third embodiment of the bresent invention is
explained with reference to the accompanying drawings.

Even if the driving pulse for the stepping motor is suddenly
stopped, the wound-up coil spring is gradually loosened.
Therefore, & spring force stored in the coil spring is
gradually transmitted to the rotary decoration 5 and the
decoration ;otétes for a while due to inertia.

Therefore, even if a pulse for rotating

in the reverse direction is suddenly outputted so as to



angul ar velocity [err] of the rotary decoration during high- speed rotation
I"i kewi se becones snmall. Thus, variance in the rotation of the rotary
decoration di sappears. Furthernore, if the maxi numpulse interval [err] is
reduced to a snmaller value, the angular velocity [err] cannot be
sufficiently reduced when the rotary decoration changes its rotati onal
direction. Nanely, the rotary decoration begins to nove fast fromthe

begi nning. As a result, the behavior of the rotary decoration | ooks

awkwar d. And, therefore, there was a problem such that the el egant sw ng
novenent desired coul d not be given 4134 he rotary decoration. Mreover, 'if
numer ous pul ses are generated within a short period of tine, electric power
consunption increases and.the life of the battery is shortened. In order to

ZgL\éle ef g_f gﬁaﬁg%% ﬁ%]nlatgtgq‘%@%ﬁh ?‘1 r\éect(}.%lnt ofS q: ueI dro ar‘?}rC %eelc%Er%tt?gn?nd
the rotary decoration malntalns its rotational direction for
a while by virtue of its inertia. Therefofe, the rotational
driving force of the stepping motor and the inertia force derived
from the coil spring acting in the reverse direction
interfere with each other, thus, producing an awkward swing
movement in the decoration.

In orxrder to solve such a problem, in the third
embodiment of the present invention, as shown in Fig. 7, a
pulse is not outputted in a predetermined section B
immediately before the rotary decoration 5 changes its
rotational diréction. That is, there 1is a no-pulse
generating sectién-prior to the rotary decoration 5 changing
its.rotational direction.

Accordingly, just before the rotary decoration 5 reaches
this no-pulse generating section (i.e. the position P3 or P4
in Fig. 6), the wound up coil spring is gradually loosened
and the rotary decoration rotates by virtue of its inertia.
This loosened cecil spring is wound up again in accordance
with this inertial rotétion. At the end of this rewinding-up

'operation, a pﬁlse is inputted into the stepping motor.

Hence, there is no interference between the rotational
driving force of the step motor and the inertia derived from
the coil spring acting in the reverse direction.

Furthermore, when the rotary decoration initiates its swing



-10- rotary decoration 5 initiates its rotational novenent and before and
after the rotary decoration 5 stops its rotational novenent, to drive the
rotary decoration at a constant speed at the section where the rotary
decoration rotates at its maxi mum speed; i.e. when it passes the mddle
section of its swing novenent in one rqtational direction. In accordance
with the first enbodi nent of the preséﬂﬁ'invention, as shown in Fig. 3,
pul se intervals are set to be the small, equal intervals within a
predeterm ned section Cin the mddle section in the sw ng novenent of the

rotary degRadndeit iih ANeedier@el HtecBY RAAORHN GRS yPHESS YR 8hoEMhaRown in
Fig. .3, the rotary decoration.5 is gradually accelefated in the direction

of its nordfble redaait WwimdudtSish | ¥Eilcdt tRe COOS1 as8hrspgedsi Bohpeetdgl €
section (i.e. a section between points P3 and P4 in Fig. 4 ), and is
gradual | y wieael afppt ed after passing this mddle section. Then, the pul ses
for driving the stepping notor in the
Fig. 8 is a biock diagram showing a <circuit
configuration of the present invention. A:memory circuit 31
~stores data used for generating the above-described operation
pulses, and is connected to a control circuit 32. The
control circuit 32 can specify an address in the memory
circuit 31 and read = a numerical value corresponding to the
pulse interval via a data bus from this specified address.-
Furthermore the contrxol circuit 32 is connected with a clock
circuit 32a for converting a pulse interval into a
chronological element, and with a reset switch 32b forxr
resetting the central _processing unit 32. The control
circuit 32 has two separate outputs, one (01) for rotating
the motor in the normal direction, and the other (02) for
rotating the motor in the reverse direction. They are each
connected to a motor driving circuit 33 that contains
respective output buffers. The motor driving circuit 33 is
constituted in such a manner that a pulse interval is
outputted to the stepping motor 9 in accordance with the pulse
interval outputted from the control circuit 32.

When the rotary decoration 5 is actuated, the control

circuit 32 specifies an address in the memory circuit 31,



reverse direction are outputted and reversal begins. Therefore, the rotary
decoration 5 is gradually accelerated in a direction of its reverse
rotation, and is driven at a constant speed in the mddle section (i.e. the:
section between the points P3 and P4 in Fig.l ), and then gradually

decel erated after passing this mddle section. This behavior repeats from
this point on. As descri bed above, 4li5-a case where the pul se waveform
shown i'n Fig. 2 is adopted, the rotary decoration 5 is gradually
accelerated at the beginning of its swing notion in the normal direction
and gradual |y .decel erated once past_ a central point (i.e. the p0|nt Pin
Fig. gl) %Wé}bra dness E&é—”é%ﬁ’éﬁ"ést ke Hhe Farhd %r‘?ﬂ%‘?ﬂfv&ﬁ"} @ FFB axYj s

i on can be celerated wi.t

dopted, t t
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the ”‘ddlﬁﬁ%%§45¥]£§'£g£d in via the data bus, and then ‘an operation

pulse causing rotational motion in the normal direction is
‘supplied from the control circuit 32 to the motor driving
circuit 33. The stepping motor 9 steps in accordance with an
operation pulsé for normal rotation sent bj the drive timing.
The rotational movement of the stepping.motor 9 is transmitted
from a rotor 12 to the gears 14, 15. A coil spring 18 (Fig. 9) is
charged with spring force by the rotation of the gear 15.
Then, by the spriné force sﬁored in the coil spring 18, a
disk 17 is tufnéd and a rotary shaft 3 is driven in the
direction of a normél rotation through a transmission shaft

16 and a driving gear 8. As the rotational force is
transmitted through the coil spring 18 in this manner, the
rotatiocnal torque is sméothly transmitted to thé disk 17, the
driving gear 8, and the rotary shaft 3, even if the gear 15

is intermittently rotated to cause step motion. Thus, the
rotary decoration 5 can be driven smoothly in a direction of
normal rotatidn.

In thié manner, the pulse signal is read out
sucéessively so as to have a drive timing corresponding to
the rotational angle of the rotary decoration 5, so that the
motor rotates to cause £he rotary decoration 5 to swing in a

normal swing direction. When, the rotary decoration 5 has



abogee of rotation (i.e. a section fromthe point P3 to the point P1, or a
section fromthe point P4 to the point P2). Therefore, it becones possible
to conmplete the deceleration within a short period of tinme and therefore
the rotary decoration 5 can have an el egant swing notion. Next, a second
enbodi ment- of the present invention is explained with reference to
acconpanyi ng drawi ngs. The coil spring-il®wound up when the rotary
decoration 5 changes its rotational direction, that is, in Fig.4, when the
rotary decahan onoftatedatlss ian aambdeskwick di/Recit®nmoxizmmanghglef dirr]
until it reaches the point Pl and then reverses its rotational direction
(i.e. rotametation ,chhsa ecrenivekd sbranibcBiZodegiasr suppd yin@nmieregrent Pl
to the point P. The rotary decoration 5 stops its rotational nption during
the peri od T&tatiied cpgretdens sulsess&ri e RELREUABLELRY Shrwit 33 -amp.
the basis of subsequently inputted data so that the motor
rotates in . the reverse direction. Then, the rotary
decoration 5 is swung in the opposite direction again by‘an
amount corresponding to the maximum angle-of rotation, and in
turn, the rotary decoration 5 is swung in the normal
direction by an amount corresponding to the maximum angle of
- rotation. This cycle is reiterated and the rotary decoration

5 is driven in a reciprocative rotation.

Now, a driving device for the rotary decoration, that
embodies the present invention, is explained.

As shown in Figs. 9 and 10, the rotary shaft 3 is
rotatably supported vertically in the direction of gravity by
an upper case 1 and a lower case 2 and further pivotally
supported at bearing portions la and 2a thereof. The rotary
shaft 3 extends through a center of a protrusion 4a of a
middle plate 4. lThe rotary decoration 5 is secured on a
protruding edge of the rotary shaft 3, which extends upward
out of the upper case 1. éurthermore, a bush 3a is secured
on the rotary shaft 3 between the upper case and the middle

plate 4. A movable permanent magnet 6 is secured on this

bush 3a. A stationary permanent magnet 7 is secured on the



and for re-winding the coil spring. As a result, it becones inpossible to
impart an el egant swing notion to the rotary decoration 5. In order to

sol ve such a problem in accordance with the second enbodi nent of the
present invention, as shown in Fig. 5, the pulse interval becones close in
a predeterm ned section A immediately after the rotary decoration has
changed its rotational direction. That-is to say, by outputting driving
pul ses in a short period of tine in the amount required to | cosen the wound
coil spring and then re-wind it, it becomes possible to pronptly wind up
the coil. As esult, the rotary decoration 5 is prevented from stoppi ng

at the ti mepﬁﬂﬁﬁuﬁhenr deatfonthe grigddeoPIdta Her r §PadF e oPRPPSR Shes
Chbod: ment S ehe SAEEeh sﬁ“&%ﬁer?%%%%@. fod ibREFeieionEETRANERE
Z‘SSSZEF‘SVL%p%ﬁ%%”Eé Gotif-HpoRaEs “Efir FROmRE v Au EPPY L SoEBneaer € ' °
their confronting surfaces. Their magnetic forces are
constructed to set up a magnetic floating mechanism between
the two permanent magnets 6, 7 in such a manner that both
permanent magnets 6} 7 oppose each other through a
predeterminea gap in a non-contact condition when the rotary
decoration 5 is mounted on the rotary shaft 3.

The drive gear 8 is connected downward from middle plate
4 with the protruding portion of the rotary shaft 3, so_és to
be slidable in an axial direction of the rotary shaft 3 but
not to rotate with respect to the fotary shaft 3. A
rotational force of the stepping motor 9, which serves as a
driving source,.is transmitted to the drive gear 8. That is
to’'say, a drive coil 11 is wound around one leg piece of thé
stator 10, which is substantially formed in a U-shape. The
rotor 12 is rotatably supported between the lower case 2 and
the middle plate 4 in a gap provided at a front edge of the
stator 10. A permanent magnet 13 secured on the rotor 12
functions to receive a rotational force by being magnetically
coupled with the stator 10.

A rotor pinion 12a is meshed with the gear 14. A pinion
l4a of this gear 14 is meshed with a gear 15. The gear 15 is

rotatably engaged with the transmission shaft 16. Also, a



Therefore, a spring force stored in the coil spring is gradually
transmtted to the rotary decoration 5 and the decoration rotates for a

. while due to inertia. Therefore, even if a pulse for rotating in the
reverse direction is suddenly outputted so as to -13- reverse the
rotational direction of the rotary decoration, the rotary decoration
maintains its rotational direction for a while by virtue of its inertia.
Therefore, the rotational driving force of the stepping notor and the
inertia force derived fromthe coil _spring, acting in the reverse direction
interfere wwth each other, thus, progﬁcing an awkward swi ng novenent in the
decoration. In order to solve such a problem in the third enbodi nent of
the present invention, as shown in Fig. 7, a pulse is not outputted in a

pr edet er mpiAfloAeréa dmtBgrally formed with this transmission shaft 16

is meshed with the diive’gear 8. With this arrangement, the
transmission gear train is configured to start from the stepping
motor 9 and reach the drive gear 8. The geafs 15 and 16'a£e
both rotatably supéorted.between the lower case 2 and the
middle plate 4.

Though the gear 15 is rotatably supported by the
transmission shaft 16, the lower end porfion of the
transmiséion shaft 16 is press-fitted into a through-hole on
the disk 17 so that this gear 15 is retained sé as not to be
removed frqm the transmission shaft 16. The coil spring 18

. is interposed between the gear 15 and the disk 17, and an
upper end of the coil spring 18 is fixed to the gear 15 and
a lower end of the coil spring 18 is fixed to the disk 17.

- On the lower surface of the gear 15, a protrusion 15a is
integrally formed fo extend downward to closely approach the
outer peripheral portion of the disk 17. On the outer
peripheral portion of the disk 17, a protrusion 17a is
provided to partly protrude in a radial direction. When the
coil spring 18 is in a free condition (neutral condition),
the protrusion 15a and the protrusion 17a are positioned so
as to oppose each other. The protrusion 15a and the
protrusion 17a do not engage each other during & normal
operation. Only when the coil spring 18 is excessively wound:

up, or when the coil spring 18 is excessively loosened, do



I mmedi ately before the rotary decoration 5 changes its rotational

direction. That is, there is a no-pulse generating. section prior to
the rotary decoration 5 changing its rotational direction. Accordingly,
just before the rotary decoration 5 reaches this no-pul se generating
section (i.e. the position P3 or P4 in Fig. 6), the wound up coil spring is
gradual ly | oosened and the rotary decoration rotates by virtue of its
inertia. This |oosened coil spring is wound up again in accordance with
this inertial rotation. At the end of this rew ndi ng-up operation, a pulse
is inputted into the stepping notor. Hénce, there is no interference ‘
between the rotational driving force of the step notor and the inertia
derived fromthe <coil spring acting in the- reverse direction.

Furt her morgney\beit tBepkevahl €€ il Wprdifigt 18t @it Se ¥ Bamagedh4~ -

. A lock lever 20 is rotatably supported on the protrusion
2b, which is protrusively formed from the lower case 2
adjacent to the permanent magnets 6, 7. Moreover, a click
arm 20a formed in a coaxial arc-shape, a locking arm 20b
formed in a slant surface and extending in a radial
direction, and a protrusion 20c prot;uding on the .upper
sﬁrface of the locking arm extending outwardly are integrally
formed together with this locking lever 20. The locking arm.
20b is capable of entering between the permanent magnets 6
and 7 and lifting the permanent magnet 6 upward by its slant
surface.

Beneath the reset arm 20d, there is provided a printed
circuit board 21 and both ends of the drive coil 11 are
connected to the predetermined positions thereon.
Furthermore, a spring plate 22, that constitutes the reset
switch 32b for resetting the control circuit 32 as explained
with reference to Fig. 8, is disposed at a position where the
spring plate 22 confronts an edge portion of the reset arm
204 on the printed circuit board 21. Moreover, a click bin
19 is formed on the printed circuit board 21, so as to
protrude thereon. The click arm 20a can move beyond this
cIick.pin 19.

As descried above, a portion except for the magnetic

floating mechanism corresponds. to the stepping motor 9 and the



movenment in a reverse direction, the rotary decoration 5 has an el egant
swi ng notion since the coil spring is conpletely wound up. Fig. 8 is a

bl ock di agram showing a circuit configuration of the present

i.nvention. A

menory circuit 31 stores data used for generating the above-descri bed

operation pul ses, and is connected to a control circuit 32.

The control -

circuit 32 can specify an address in thgaenory circuit 31 and read a
nunerical value corresponding to the pulse interval via a data bus from
this specified address.- Furthernore the control circuit 32 is connected
with a cl ogkagémLssioB28ehpr teaRvErdstishdi gl Sromtthivals tiepipdng motor 9.

chronol ogical elenment, and with a reset switch 32b for resetting the

central processitargnsmilssidn gddwe taatinol isi mrowomrddaltasl t hetsepear dthe
one (01) for rotating the notor in the normal direction, and the
ot her (02)1ldwerrcese ng ehnd noher middle péaseset dendst | tinergheyear d teach
connected to a nmotor driving circuit .33 that contains respective output
buf fers. Thece®esr PRP$SiMle citeuifomy jthe overall unit in a thin

out put s,

configuration. The portion housing the permanent magnets 6,
"7; i.e. the portion of the magnetic floating mechanism,

becomes thick in a up-and-down direction.in Fig. 9 compared

with the portion housing the transmission gear train.

Therefore, the upper case 1 is formed with a protrusive
portion 1b in a predetermined area about the rotary shaft 3.
The magnetic floating mechanism including the permanent
magnets 6, 7 is housed in a space 1lc fo:med by this
protrusive portion 1b. If it is supposed that the maximum
angle of rotation of the rotary decoration 5 is 281, the
anQular velocity ® of the rotary decoration 5 is greatest
when phe rotary decoration 5 is positibned to face forward
(the position P in Fig. 1); i.e. when its rotational angle is
01. And, the angular velocity © of the rotary decoration 5
is least when the rotary decoration 5 is positioned at both
the right and left ends (the positions P1l, P2 in Fig. 1).
Accordingly, the pulse interval d of the operation pulse is
set to the minimum inter&al d.;, when the angular velocity o
is greatest. Conversely, the pﬁlse interval d- of' the
operation pulse is sef to-the maximum interval d,, when the

angular velocity o is least. Also, the pulse interval d of



constituted in such a manner that a pulse interval is outputted to the
stepping notor 9 in accordance with the pulse interval outputted fromthe
control circuit 32. \Wen the rotary decoration 5 is actuated, the control
circuit 32 specifies an address in the nenory circuit 31, -1 5- which
address corresponds to the starting operation of rotary decoration 5. A
nunerical value representative of pulse interval is read in via the data
bus, and then an operation pul se causing rotational notion in the nornal
direction is supplied fromthe contrql circuit 32 to the notor driving
circuit 33. The stepping notor 9 stéﬁ% in accordance with an operation
pul se for nornal rotation sent by the drive timng. The rotational novenent
not or s _tr.ans roma rotor_12 %§1the gears 14 15.
yt

of the st '8 e is teg L crease from :

A coil ?Bﬁg FIEY Q?%F $ecfiargad w?h Sprity” force & F8Fati on of

the-gear lRterval d,, to the minimum interval dain. And also, the
pulse interval d of the operation pulse is changed to
increase from the minimum interval d. ;, to the maximum
interval Aoy -

When the rotary decoration 5 is actuated, the control

circuit 32 specifies the address in the read only meﬁory 31,
which address corresponds to the starting operation of rotary
decoration 5. A numerical value representative of the pulse
interval is read in via the data bus, and then the operation
pulse causing é rotational movement in a normal direction is
supplied from the control circuit 32 to the motor driving
circuit 33. rhe stepping motor 9 steps in accordance with the
operation pulse, which causes a rotational motion in a normal
direction, supplied at a predetermined driving interval. The
rotational motion of the stepping motor 9 is transmitted from the
rotor 12 to the gears 14, 15. The spring force of the coil
spring 18 is stored by the rotation of the gear 15. Then,
the disk 17 is turned and the rotary shaft 3 is driven in the
direction of normal rotation through the transmission shaft
16 andrthe driving 'gear 8 by the spring force stored in the
coil spring 18. Because the rotational force is transmitted
through the coil spring 18 in this manner, the rofatibnal
torqué is smoothly transmitted to'the disk 17, the driving

gear 8, and the rotary shaft 3, even if the gear 15 is



Then, by the spring force stored in the coil spring 18, a disk 17 is turned
and a rotary shaft 3 is driven in the direction of a normal rotation
through a transm ssion shaft 16 and a driving gear 8. As the rotational
force is transmtted through the coil spring 18 in.this manner, the
rotational torque is snoothly transmtted to the disk 17, the driving gear
8, and the rotary shaft 3, even if the-32ar 15 is intermttently rotated to
cause step notion. Thus, the rotary decoration 5 can be driven snoothly in
a direction of normal rotation. In this manner, the pul se signal is read

out successively.so as_ to have drive timng corresponding tq the
rot at i onal l&ﬁSFélﬁFePﬁéyr FPARFRe88r &S P £ANSP ¢ tfatté)ﬂlﬁé‘grrgt éﬁ“’rﬁﬂ F® to

cause the rotar ecor ati.on to swi ng i.n a nornypl, sw.n i rection.. Wen,
the r ot aryr8%86¥aa|888r§. H.gél % c_aIxG\gle %rlven SmOné)ath].sy ll'g tq\e rLrxection

of normal rotation.

As is explained in the foregoing description;

(1) The pulse intervals are set at small, equal
intervals in a predetermined section in the middle section in
the swing motion of the rotary decoration in one diréction.
Therefore, the rotary decbration is gradually aécelerated in
the direction of its normal xrotation, and is driven at a.
constant speed in the middle section, and further is
gradually decelerated after it passes this ﬁiddle section.

- Accordingly, it becomes possible to impart an elegant and
speedy motion to the rotary decoration.

And further, as there is no need for generating numerous
pulses within a_short period of time, it becomes possible to

. adequately increase the rotation cycle without decreasing the
life of the battery. Furthermofe, since the 'rotary
decoration is driven to change its speed like a sine curve
without using a conventionai balance-wheel driving mechanism
which requires a hairspring, it becomes possible to provide
various goods (for example, a clock) adopting a rotary
decoration at low cost.

(2) The pulse interval is set close in a predetermined



" then rotated by an ampbunt of 1/2 its maxi num angle of rotation, the
‘control -circuit 32 begins supplying reverse- rotation operation pulses to
the notor driving circuit 33 on the basis of subsequently inputted data so
that the notor rotates in the reverse direction. Then, the rotary
decoration 5 is swng in the opposite direction again by an anount
corresponding to the maxi mum angl e of r@Bation, and in turn, the rotary
decoration 5 is swng in the normal direction by an anmobunt corresponding to
t he maxi num angl e of rotation. This cycle is reiterated and the rotary
decor ati on sec¢tsish | umtedatelpcaprecatheerodanyi dacodavion Nasvehangedi ce
for the rotary decoration, that enbodies the present invention, is

expl ai ned. #ss shrotatiienBilgsdirdctaieh 10, Ndmelwt aby shefputdirsy rdravabgy
supported vertically in the direction of gravity by an upper case 1 and a
| ower case RPukses fimtaeshprtoparigd seppbimedbit theapmaynporeguisedatand 2a
thereof. The rotary shaft 3 extends through a center of a protrusion_ 4a of
a niddle plieesing” the vund eetdr sPdR%b 3nd skhepedeoivipding it, . it

becomes possible to promptly wind up the coil. As a result,
the rotary decoration is prevented from stopping at the time
when the rotational direction of the rotary decoration is
changed. Thus, an elegant swing ﬁotion can be imparted.

| .(3) The pulse 1is not outputted in 'a predetermined
section immediately before the rotary decoration changes its
rotational direction. That is, there is a no-pulse
generating sectioniprovided immediately before the rotéry
decoration changes its rotational direction. Accor&ingly,
just prior to when the rotary decoration reaches this no-
pulse generating section, the wound up coil spring is
_gradually loosened to gradually impart'the force acéumulated
in the coil spring to the decoration} and the rotary
decoration continues to xotate by virtue of its inertia.
Thus, it becomes possible to impart an elegant swing motion

to the rotary decoration.



protrudi ng edge of the rotary shaft 3, which extends upmard out of the

upper case 1.

6 is secured

bet ween the upper case and the mddle plate 4.
on this bush 3a. A stationary per manent Hmﬁw
t he -17- protrusion 4a of the mddle plate 4, so e | owner

Furthernore, a bush 3a is secured on‘The rotary shaft 3

face of pernmanent magnet 6. - These tmn'gérnanent magnets 6, 7 are "
magneti zed to nutually repel each other at their confronting surfaces.

Their magneti

es are constructed to set up a magnetic floating

ghet
red on

mechani sm bet ween tihe tmdiﬁfv@mﬁﬂtt Fagnat so&‘zar} gecsrakkianaRAgEht hat both’

et.s 6, ppose e ot her t Loug redetermned gap in a
Ve SRR RS ADea Py o PaePER tEoR, TR EREBE on (he r otary

per manent . magne
non-cont act c
shaft 3. The
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substantially sinusoidal manner, having a steppiné
motor coupled to the rotary decoration through a
damping circuif, a control circuit to control the
movement of the stepping motor, and a memory circuit
containing drive timing'data relating to the time
interval between succéssive movement steps of the
stepping motor, wherein the control circuit controls
the movement of the stepping motor in accordance with
the drive timing data in the memory circuit, and
wherein the drive timing data is such.that the
magnitude of said time intervals varies in a non-
sinusoidal manner.

2. A drive unit for a rotary decoration as
claimed in claim 1 wherein the drive timing data in
each period of rotation of the rotary decoration, which
period comprises a rotation in the forward direction or
a rotation in the reverse direction, contains at least
one sequence of successive time interval magnitudes
which are substantially identical. '

3. A drive unit for a rotary decoration as
claimed in claim Z wherein a sequence of successive
identical magnitudes occurs for a rotary décoration
position midway between consecutive reversals of the
direction of rotation of the rotary decoration.

4. A drive unit for a rotary decoration as
claimed in claim 2 or claim 3 where a sequence of
successive small time interval magnitudes occurs
immediately after a reversal of direction of the rotary
decoration.

5. A drive unit for a rotary decoration as -
claiméd in one of claims 2, 3 or 4 wherein the said

time interval magnitudes during the or at least one of



4 with the protruding portion of the rotary shaft 3, so as to-be-stidable
tn an axial direction of the rotary shaft 3 but not to rotate wth respect

to the rotary shaft 3. A rotational force of the “%n g, whi ch
serves as a driving source, is transmtted to the ‘ ““m is to
say, a drive coil 11 is wound around one_leg piece o thetstator 10, which
I's substantially forned in a U shape. TR&>Fotor 12 is rotatably supported

bet ween the | quer Lase 2_and m.ddl I ro t a
front edge of tife & qé‘tecf’rc% sutb etnl(a;“r}gL c%%%r?elpo%g%sg%ﬁfg‘ Wlql‘tej'(tg"u%]r ot or
functions to rpadea/ara:emitadt mmau dfagy be lﬁgppliele@g tondhet is¢@PPingoupl ed wit h
the stator iﬁ: Lotor pinion 12a is meshed with the gear 14. A pinion 1l4a
of this gear X5 meshed with a gear_15. The gear, 15 is rotatably engaged
with the transm ssifon sHafdriM® uRido for a rofgry decoration as

5 claimed in. any preceding claim wherein the last
magnitude of said time interval prior to a reversal of
the direction of the rotary decoration is cbnsiderably
larger than the immediately preceding time interval.

7. A drive unit for a rotary decoration '

10 comprising:

a stepping motor capable of rotating in both the
normal and reverse directions for reciprocally driving
a'rotary decoration;

a memory circuit for storing the drive timing data

15 of éaid stepping motor; and

a control circuit for controlling said stepping
motor on the basis of the data stored in said memory
circuit; _ ,

said data being numeralized values of the pulse

20 intervals of operation pulses of said stepping motor so
that the rotational speed of said rotary decoration can
change like a sine. curve; and

said pulse intervals in the middle section of the
unidirectional rotation of said rotary decoration being

25 small and equal for a fixed section.

8. A drive unit for a rotary decoration
comprising:

a stepping motor capable of rotating in both the
normal and reverse directions for reciprocally driving

30 a rotary decoration; '

a memory circuit for storing the drive timing data
of said stepping motor; and '

a control circuit for controlling said stepping
motor on the basis of the data stered in said memory

35 circuit;

said data being numeralized values of the pulse



pinion 16a integrally formed with this transm ssion shaft 16 is—meshed with
t-he drive gear 8. Wth this arrangenent, the transm ssion gear train is

configured to start fromthe stepping notor 9 an i gear 8.
The gears 15 and 16 are both rotatably supportedﬂmnm“ﬁumu r case 2
and the mddle plate 4. Though the gear 15 is rotatably sdppdrtéd by the
transm ssion shaft 16, the | ower end portZéen of the transm ssion Shaft 16

is press-fitted into a through-hole on the disk 17 so that this gear 15 is
retai ned so asimoértaldeof ertoy evpdradrharheulsas b St SHERPIME  The coi |

spring 18 is 'rf.‘égéflo%gd«.—l}g&% ‘é\ﬁfél‘xzt 19Ha 1l puEh e SHRK doAsardnd an upper

end of the coil™: ( ed to the gear 15 and a | ower end of the
coi | spring 18decorakieniean rhangsk like @ e |9 s @Thce of the gear

15, a protrusion 15g5i§ hiiSIradterdardmddar exditchilayees d to cl osely
approach the outer peri ral g,ortio of.(#he disk 17, o t}e er
peri pheral Por¥PEAtHPREhed HISK piGtF PR A AT DoV dt partly
protrude in a ¢pesal ferrectixed stwetidrhe .

9. A drive unit for a rotary decoration
comprising:
a stepping motor capable of rotating in both the
10 normal and reverse directions for reciprocally driving
a rotary decoration; , '
a memory circuit for storing the drive timing data
of said stepping motor; and
. a control circuit for controlling said stepping
15 motor on the basis of the data stored in said memory
circuit;
said data being numeralized values of the pulse
intervals of the operation pulses of said stepping
motor so that the rotational speed of said rotary
20 decoration can change like a sine curve; and
said data having a blank pulse portion for a fixed
section before the rotational direction of said rotary
decoration is switched.
10. A drive unit for a rotary decoration
25 substantially as herein described with reference to
Figures 3, 4, .8, 9 and 10 or to Figures 5, 8, 9 and 10,
or to Figures 6, 7, 8, 9 and 10.



coil spring 18 is in a free condition (neutral condition), the protrusion
-15a and the protrusion 17a are positioned so as to oppose each other. The
protrusion 15a and the protrusion 17a do not engage each other during. a
nor mal oper at+oer—Oaly._when the coil spring 18 is excessively wound up, or

when the coil” gprédg 18 iskexcessively | oosened, do -19- they act to
prevent the coilf bei ng damaged. A | ock=t: - ' ably
support ed on[th%“ﬂﬂﬁ! ﬂ , Which is protrusiveliT sHEEY HA ower
case 2 adjacent nt magRéts 6, 7. Morepver, BERVACERX arm poa

formed in a coaxial arc-shape, a locking arm20b forned in a slant surface

and extending in a radial direction, and a protrusion 20c protrudi'ng on the
upper surface of the | ocking armextending outwardly are integrally forned

together with this |ocking | ever Bgstrfat | ocki ng arm

DRIVE UNIT FOR A ROTARY DECORATION

A proposed drive unit for a rotary decoration
whose transmission gear train is configured to include a
damper such as a coil spring, and which is capable of
imparting a desired elegant swing motion to the r6tary
decoration. o
There is a reciprocating stepping motor 9 capable
.0f rotating in both the normal and reverse directions to
drive a rotatory decoration 5 in.such a manner that the
rotatory decoration 5 causes a reciprocative swing motion.
Also, a memory circuit 31 is provided for storiné data for
determining the drive timing of this stepping motor 9. Then,
" there is further provided a .control. circuit 32 for
controlling this Stepping motor 9 in accordance with the data
stored in the memory circuit 31.

Said data numeralizes the pulse interfal of the
operation pulse for stepping motoxr 9 so as to transform the
rotation speed of rotational decorating 5 as a sine curve,
and

(1) the pulse intervals of operation pulses are set to
uniform intervals héving a small value in a predetermined
section corresponding to an intermediate portion ih one
rotational direction of the rotary decoration 5, ox

(2) the pulse'interQals of operation pulses are set to

close intervals in a predetermined section immediately after



20b is capable of entering between the pernanent nagnets 6 and 7 and
lifting the permanent magnet 6 upward by its slant surface. Beneath the
reset arm20d, there is provided a printed circuit board 21 and both_end
of the drive coil 11 -are connected to the predet er ”TmEdSHEEWOMS iBabs
thereon. Furthernore, a spring plate 22, that constitutes the E@EﬁéEDSW'tcr
32b for resetting the control circuit 32&s expl ai ned MﬁLh—LBELFeHee—%ﬁ‘-“
Fig. 8, is disposed at a position where the spring plate 22 confronts an
edge portion of the reset arm 20d on the prlnted circuit board 21.
Moreover, atdiei ckopahionals direpion ©fe phente@tarycuecyssyiPRl 5 sbsas
to protrude thereon. The click arm 20a can nove beyond this click pin 19.
As descried1588€§?da @3t tion except for the magnetic floating mechani sm

corresponds  to %B% %h%pghggenPﬁgérga gmkftg%eration pulses being set in

a predetermined section immediately before the rotational

direction of the rotary decoration 5 is reversed.

Fig. 3

is Sheet Has Been Replaced

||||\||\ MR



-20- transmission gear train extending fromthis stepping notor 9. This
transm ssion gear train is accommbdat ed between the | ower case 2 and the .
m ddl e plate 4 and, therefore, it becomes possible to form the overal
unit in a thin configuratiten. The portion housing the pernmanent nagnets
6, 7; i.e. the portion of the magnetic floating nmechani sm becones thick in
a up-and-down direction in Fig. 9 coqpared with the portion housing the
transm ssion gear train. Ther ef or e } fYe upper case 1 is formed with a
“protrusive portion Ib in a predeterm ned area about the rotary shaft 3. The
magnetic fl oating nmechani smincluding the permanent magnets 6, 7 i s housed
in a space 1c forned by this protrusive portion Ib. If it is supposed that.
t he maxi num angl e of rotation ;pe(Ebtgry~decoration 5 is[err], the
angular velocity [err] of the tar ysdecoOration 5 is greatest when the
rotary decoration 5 is positioned to face forward (the position Pin Fig.
1); i.e. when its rotational angle is [err]. And, the angular velocity
[err] of the rotary decoration 5 -




is |l east when the rotary decoration 5 is positioned at both the right and
|'eft ends (the positions P1, P2 in Fig. 1). Accordingly, the pulse interval
d of the operation pulse is set to the mninuminterval [err] when the
angul ar velocity [err] is greatest. Conversely, the pulse-interval d of
the operation pulse is set to the maxinmuminterval [err] when the angul ar
velocity [err] is least. Al so, the pul se2gmperval d of -21- the
operation pulse is changed to decrease fromthe maxi numinterval d to the
mnimuminterval [err]. And al so, the pulse interval d of the operation
pul se is changed to increase fromthe mninuminterval [err] to the maxi mum
interval [err]. Wen the rotary decoration 5 is actuated, the contro
circuit 32 specifies the address in the read only nenory 31, which address

corresponds to the starting operation of rotary
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decoration 5. *A nunerical value representative of the pulse interval is
fead in via the data bus, and then the operation pul se causing a rotational
novenment in a normal direction is supplied fromthe control circuit 32 to
the notor driving circuit 33. The stepping notor 9 steps in accordance with
t he operation pul se, which causes a rotational notion in a nornal

direction, supplied at a predetermined driving interval. The rotational
motion of the stepping notor 9 is transif¥@ed fromthe rotor 12 to the
gears 14, 15. The spring force of the coil spring 18 is stored by the
rotation of the gear 15. Then, the disk 17 is turned and the rotary shaft 3
is driven in the direction of normal rotation through the transm ssion
shaft 16 and the driving gear 8 by the spring force stored in the coi
spring 18. Because the rotational force is transmtted through the coi
spring 18 in this manner, the rotational torque is snoothly transmtted to
the disk 17, the driving gear 8, and the rotary shaft 3, even if the gear
15 is : - -
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-22- intermttently rotated so as to cause stepping. Thus, the rotary
decoration 5 can be driven snoothly in the direction of normal rotation. As
is explained in the foregoing description; (1) The pulse intervals are set
at small, equal intervals in a predeterm ned section in the mddle section
in the swng notion of the rotary decoration in one direction. Therefore,
the rotary decoration is gradually accelgesrimed in the direction of its
normal rotation, and is driven at a constant speed in the mddl e section,
and further is gradually decelerated after it passes this mddle section.
Accordi ngly, it becones possible to inpart an el egant and speedy notion to

the rotary decoration. And further, h i no need for generating
nuner ous pul ses within a short peri gr it becones possible to
adequately increase the rotation cycle wi thout decreasing the life of the

battery. Furthernore, since the rotary

5




decoration is driven to change its speed |like a sine curve wi thout using a
conventi onal bal ance-wheel driving nmechani smwhich requires a hairspring,
it becones possible to provide various goods (for exanple, a clock)
adopting a rotary decoration at |ow cost. (2) The pulse interval is set
close in a predeterm ned -23- section.inmmediately after the rotary.
decoration has changed its rotational di?£t0ion. Nanel y, by outputting
driving pulses in a short period of tine by the anount required for |oosing
the wound coil spring and then re-winding it, it becones possible to
promptly wind up the coil. As a result, the rotary decoration is prevented
fromstopping at the tinme when the rotational direction of the rotary
.decoration is changed. Thus, an elegant swing notion can be inparted. (3)
The pulse is not outputt'ed in a predeterm ned '
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section imedi ately before the rotary decoration changes its rotational
direction. That is, there is a no-pulse generating section provided
i medi ately before the rotary decoration changes its rotational direction.
Accardingly, just prior to when the rotary decoration reaches this no-
pul se generating section, the wound up cqil spring is gradually | oosened to
gradual ly inpart the force accunul ated i®/X®he coil spring to the
decoration, and the rotary decorati onikinpses to rotate by virtue of its
inertia. Thus, it becones possi bl e-ﬁg’\Ln@_tén el egant swing notion to the
1.

rotary decoration. [err] -24- CLA A drive unit for a rotary

decoration, which drive unit causes the rotary decoration to rotate




dalternately in a forward and a reverse direction in a 5 substantially

Si nusoi dal manner, having a stepping notor coupled to the rotary decoration
t hrough a danping circuit, a control circuit to control the novenent of the
stepping notor, and a nenory circuit containing drive timng data relating
to the time 10 interval between successive novenent steps of the stepping
notor, wherein the control circuit cont 7éL8 the novenent of the stepping
notor in accordance with the drive timng data in the nmenory circuit, and
wherein the drive timng data is such that the 15 nagnitude of said tine
intervals varies in a non- sinusoidal manner. 2. A drive unit for a
rotary decoration as clained in claiml1 wherein the drive timng data in
each period of rotation of -the rotary decoration, which 20 period conprises
arotation in the forward direction or a rotation in the reverse direction,
contains. at | east one sequence of successive tine interval magnitudes
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whi ch are substantially identical. 3. A drive unit_for a rotary
decoration as 25 clainmed in claim2 wherein a sequence of successive

i dentical magnitudes occurs for a rotary decorati-on position mdway between
consecutive reversals of the direction of rotation of the rotary
decoration. 4. A drive unit for a rotary decoration as 30 clainmed in
claim2 or claim3 where a sequence of d0@ssive snall tine interval
magni t udes occurs imediately after a reversal of direction of the rotary

decoration. 5. A drive unit for a rotary decoration as 35 clainmed in one
of clainms 2, 3 or 4 wherein the said tine interval nmagnitudes during the or
at | east one of t he sequences substantially corresponds to the m ni num

pul se interval that can be applied to the stepping
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jotor. 6. A drive unit for a rotary decoration as 5 clained in any
precedi ng claimwherein the |ast magnitude of said tine interval prior to a
reversal of the direction of the rotary decoration is considerably |arger
than the imedi ately preceding tine interval. 7. A drive unit for a-
rotary decoration 10 conprising: a stepging not or capable of rotating in
both the normal and reverse directions ?6t reciprocally driving a rotary
decoration; a menory circuit for storing the drive timng data 15 of said
stepping notor; and a control circuit for controlling said stepping notor
on the basis of the data stored in said nenory circuit; said dat ei.Qg
nuner al i zed val ues of the pulse 20 intervals of operation I eszg? I d
stepping notor so that the rotational speed said rotary decoration can
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LAY

change like a sine curve; and said pulse intervals in the middle section of
the unidirectional rotation of said rotary decoration being 25 small and
equal for a fixed section. 8. A drive unit for a rotary decaration
conprising: a stepping notor capable of rotating in both the normal and
reverse directions for reciprocally dri.ving 30 a rotary decoration; a
menory circuit for storing the drive t3Q4 data of said stepping notor;
and a control circuit for controlling said stepping notor on the basis of
the data stored in said nenory 35 circuit; said data being nuneralized
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simtervals of the operation pulses of said stepping notor so that {eBE7-7 ;o<

Y rotational speed of said rotary decoration can change |like a sine curve;
‘and said pulse intervals after switching the 5 rotational direction of said
rotary decoration being close for a fixed section. 9. A drive unit for a
rotary decoration conprising: a steppjsig notor capable of rotating in both
the 10 normal and reverse directions for reciprocally driving a rotary
decoration; a nenory circuit for storing the drive timng data of said

steppi ng notor; and pRIVEIONITI FORIA HEraRYBEEORATIONAI d Sstepping 15
motor on the basis of the data stored in said nmenory circuit; said data
bei ng nuneralized values of the pulse intervals of the operation pul ses of
said stepping notor so that the r ABSTRACT speed of said rotary
A drive unit for a rotary decoration whose transmission gear
train is configured to include a damper such as a coil spring,

and which is capable of imparting a desired elegant swing motion

to the rotary decoration.

The drive unit comprises a reciprocating stepping motor 9
rotatable in both the normal and reverse directions for driving
a rotary decoration 5 in a reciprocative swing motion, a memory
circuit 31 for storing data for determining the drive timing of
the stepping motor 9, a control circuit 32 for controlling the
stepping motor 9 in accordance with the data stored in the memory

circuit 31.

The data numeralizes the pulse interval of the operation pulse
for stepping motor 9 so as to transform the rotation speed of
rotational decorating 5 as a sine curve, and the pulse intervals

of operation pulses are

(1) set to uniform intervals having a smalg

oE ;é%
predetermined section corresponding to an intermediate'% rtion

‘value, in a
in one rotational direction of the rotary decoration 5, or
(2) set to close intervals in a predetermined section

immediétely after the rotational direction of the rotary

decoration 5 is reversed, or
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\;Zgldecoration can change like a sine curve; and said data having a bl ank

~ pul se portion for a fixed section before the rotational direction of said
rotary decoration is switched. 10. A drive unit for a rotary decoration 25
substantially as herein described with reference to Figures 3, 4, .8, 9 and
10 or to Figures 5, 8, 9 and 10, or to Figures 6, 7, 8, 9 and 10.

- 28 -
(3) being set in a predetermined section immediately before

the rotational direction of the rotary decoration 5 is reversed.

FIGURE 3
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