DESCRI PTI ON  MECHANI CAL TI MEPI ECE HAVI NG BALANCE POWNER GENERATI ON CONTROL
MECHANI SM [ Techni cal Field] The present invention relates to zmmm

ti mepi ece capable of displaying tinme with high accuracy. m g]mm Im
particularly relates to a nmechanical tinepiece having a balance pQ@@
generation control nmechanism capable of controlling a period of ro 4t i onal

oscillation of a balance with hairspring by energy generated by using the
rotational oscillation of the balance with hairspring in order to adjust

the rate of the tinmepiece. [Backgpggadrefrzbe | nventi on] (l)immmmmwm MImm

of mechani cal tinmepiece According to a conventional nechanic
s~ shown in Fig. 10 and Fig. 11, a novement (machine body) 1100 *gdooogr
mechani cal tinepiece is provided with a nain plate 1102 constituting a

base plat e OfudienRyae b di i i dowtttahghlanda egrated to

a w ndi ng stem gui de hole 1102a of e naln 104 (shown

in Fig. 11 by an imaginary i o the novenent 1100.
Generally, in both sides of thgSRTThéL #gég?ﬁgsgide

[Technical Field]
The present invention relates to a mechanical timepiece
capable of displaying time with high accuracy.

. The invention particularly relates to a mechanical
timepiece having a balance power generation control mechanism
capable of controlling a period of rotational oscillation of
a balance with hairspring by energy generated by using the
rotational oscillation of the balance with hairspring in order
to adjust the rate of the timepiece.

[Background of the Invention]
(1) Constitution of mechanical timepiece
According to a conventional mechanical timepiece, as

‘ shown in Fig. 10 and Fig. 11, a movement (machine body) 1100
of a mechanical timepiece is provided with a main plate 1102
constituting a base plate of the movement. A winding stem 1110
is rotatably integrated to a winding stem guide hole 1102a of
the main plate 1102. A dial 1104 (shown in Fig. 11 by an
imaginary line) is attached to the movement 1100.

Generally, in both sides of the main plate, a side

thereof having the dial is referred to as "back side" of the



t hereof having the dial is referred to as "back side" of the 1 novenent and

a side thereof opposed to the side having the dial

"front si

train wheel".

is referred to as

de" of the novenent. A train wheel integrated to the "front side"
of the nmovenent is referred to as "front train wheel” and a train wheel
integrated to the "back side" of the novenent is referred to as "back
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1110 is determined by a switch apparatus including a setting
lever 1190, a yoke 1192, a yoke spring 1194 and a setting lever
jumper 1196. A winding pinion 1112 is provided rotatably at
a guide shaft portion of the winding stem 1110. When the
winding stem 1110 is rotated in the state in which the winding
stem 1110 is disposed at a first winding stem position
(0-stage) on a side most proximate to the inner side of the
movement along the rotational axis line, the winding pinion
1112 is rotated via rotation of a clutch wheel. A crown wheel
1114 is rotated by rotation of the winding pinion 1112. A
ratchet wheel 1116 is rotated by rotation of the crown wheel
1114. By rotating the ratchet wheel 1116, a mainspring 1122
contained in a barrel complete 1120 is wound up. A center wheel
& pinion 1124 is rotated by rotation of the barrel complete
1120. An escape wheel & pinion 1130 is rotated via rotation
of a fourth wheel & pinion 1128, a third wheel & pinion 1126

and the center wheel & pinion 1124. The barrel complete 1120,

the center wheel & pinion 1124, the third wheel & pinion 1126
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the center wheel & pinion 1124, the third wheel & pinion 1126 2 and the
fourth wheel & pinion 1128 constitute a front train wheel. An escapenent &
speed control apparatus for controlling rotation of the front train wheel
i ncludes a balance with hairspring 1140, the escape wheel & pinion 1130
and a pallet fork 1142. The bal ance with hairspring 1140 includes a
bal'ance stem 1140a, a bal ance wheel 1140b and a hairspring 1140c. Based
on rotation of the center wheel & pinion 1124, a cannon pinion 1150 is

si nul t anegugl ¥neOEaLedh @HgEmU&epmamgnliﬁs Sbhaehedts Oa L Ao s@nnedy pi ni on

1150 di splays "m nute". cannon pinion 1150 is provided wmth a slip

mechani smjielative to the center pinion & wheel 1124. Based on rotation of
the cannon pinion 1150, via rotation of a m nute wheel, an hour wheel
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Based on rotation of the center wheel & pinion 1124, a cannon
‘ pinion 1150 is simultaneously rotated. A minute hand 1152
attached to the cannon pinion 1150 displays "minute". The
cannon pinion 1150 is provided with a slip mechanism relative
to the center pinion & wheel 1124. Based on rotation of the
cannon pinion 1150, via rotation of a minute wheel, an hour
wheel 1154 is rotated. An hour hand 1156 attached to the hour
wheel 1154 displays "hour'.
The barrel complete 1120 is supported rotatably by the
main plate 1102 and a barrel bridge 1160. The center wheel
‘ & pinion 1124, the third wheel & pinion 1126, the fourth wheel
& pinion 1128 and the escape wheel & pinion 1130 are supported
rotatably by the main plate 1102 and a train wheel bridge 1162.
The pallet fork 1142 is supported rotatably by the main plate
1102 and a pallet bridge 1164. The balance with hairspring
1140 is supported rotatably by the main plate 1102 and a

balance bridge 1166.

The hairspring 1140c is a leaf spring in a helical



The hairspring 1140c is a leaf spring in a helical 3 (spiral) shape having
a plural turn nunber. An inner end portion of the hairspring 1140c is
fixed to a hairspring holder 1140d fixed to the bal ance stem 1140a and an
outer end portion of the hairspring 1140c is fixed via a hairspring stud
1170a attached to a stud support 1170 fixed to the bal ance bridge 1166 by
fastening screws. A regulator 1168 is attached rotatably to the bal ance
bridge 1166. A hairspring bridge 1168a and a hairspring rod 1168b are

at tached QQpHP&lﬁegﬂbﬁbohe¥%§§;aAﬂ¥HﬂdI”t&¥ntﬁﬁmB@£[Spkhﬂgn%éép%ﬂacmi”ate
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A regulator 1168 is attached rotatably to the balance
bridge 1166. A hairspring bridge 1168a and a hairspring rod
. 1168b are attached to the regulator 1168. A portion of the
hairspring 1140c proximate to the outer end portion is
disposed between the hairspring bridge 1168a and the
hailrspring rod 1168b.
(2) Rate of mechanical timepiece
Generally, according to a conventional representative
mechanical timepiece, as shown by Fig. 12, with elapse of a
duration time period of rewinding the mainspring from a state
in which the mainspring has completely been wound up (fully
. wound state), mainspring torgue is reduced. For example, in
the case of Fig. 12, the mainspring torque is about 27 g-cm
in the fully wound state, becomes about 23 gcm after elapse
of 20 hours from the fully wound state and becomes about 18
gcm after elapse of 40-hours from the fully wound state.
Generally, according to a conventional representative
mechanical timepiece, as shown by Fig. 13, when the mainspring

torque 1is reduced, the swing angle of the balance with



torque is reduced, the swing angle of the balance with 4 hairspring is also
reduced. For exanple, in the case of Fig. 13, when the mainspring torque
is*25-28 g-cm the swing angle of the balance with hairspring is about
240- 270 degrees and when the mainspring torque is 20-25 g-cm the sw ng
angle of the balance with hairspring is about 180-240 degrees. In
reference to Fig. 14, there is shown a transitional change of

i nstantaneous rate with regard to swing angle of a balance with hairspring
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i nst ant anepus rate | s about O through 5 _seconds / day, (gain of O through 5
seconds pg}aaag%o Wpaneous rate with regard to swing angle of a

balance with hairspring according to a conventional

‘ representative mechanical timepiece (numerical value
indicating accuracy of timepiece). In this case, the
"instantaneous rate" or the “rate” is defined as "a value
indicating gain or loss of a mechanical timepiece after elapse
of one day after the mechanical timepiece is assumed to be left
for one day while maintaining state or environment of swing
angle of a balance with hairspring or the like when the rate
is measured". In the case of Fig. 14, when a swing angle of
a balance with hairspring is equal to or larger than 240

' degrees or is equal to or smaller than 200 degrees, the
instantaneous rate is retarded.

For example, according to a conventional representative
timepiece, as shown by Fig. 14, when the swing angle of the
balance with hairspring falls in a range of about 200 through
240 degrees, the instantaneous rate is about 0 through 5
seconds / day (gain of 0 through 5 seconds per day)', however,

when the swing angle of the balance with hairspring is about



when the swing angle of the balance with hairspring is about 5 170 degrees,
t he i nstantaneous rate becones about -20 seconds / day (loss of about 20
seconds per day). In reference to Fig. 15, there is shown a transitional
change of el apse tinme and instantaneous rate when a mainspring is rewund
froma fully wound state in a conventional representative nechanical
tinmepiece. In this case, in the conventional nechanical tinepiece, "rate"
indicating gain of the tinmepiece or |oss of the tinepiece per day, is

provided 1by hageeedt idhk iinstantaneeus rate phddndLadbdtt 026! Asshdd e of
rewi nding the balance with hairspring froma fully wound state, which is
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the timepiece or loss of the timepiece per day, is provided
‘ by integrating instantaneous rate with regard to elapse time
of rewinding the balance with hairspring from a fully wound
state, which is indicated in Fig. 15, over 24 hours.
Generally, according to the conventional mechanical
timepiece, with elapse of duration time period of rewinding
the mainspring from the fully wound state, the mainspring
torque is reduced, the swing angle of the balance with
hairspring is also reduced and accordingly, the instantaneous
rate is retarded. Therefore, according to the conventional
' mechanical timepiece, by estimating loss of the timepiece
after eiapse of the duration time period of 24 hours,
instantaneous rate when the mainspring is brought into the
fully wound state, is previously gained and previously
adjusted such that the "rate" indicating gain of the timepiece
or loss of the timepiece per day becomes positive.

For example, according to the conventional

representative timepiece, as shown in Fig. 15, although in the



representative tinmepiece, as shown in Fig. 15, although in the 6 fully
wound state, the instantaneous rate is about 3 seconds / day (gain of
about 3 seconds per day), after elapse of 20 hours fromthe fully wound
state, the instantaneous rate becones about -3 seconds / day (Il oss of
about 3 seconds per day) , after elapse of 24 hours fromthe fully wound
state, the instantaneous rate becones about -8 seconds per day (| oss of
about 8 seconds per day) and after el apse of 30 hours fromthe fully wound
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operating.the balance with hairspring is obliged to increase _and it is
di fficul t PSTRREAPEIME TRESRES ﬁ%rﬂ%%%p'éeée@&%soperaﬁﬁ&r A1@=S ikl udi ng

such a bal ance with hajrspring. Mreover, according to the conventional
mechani capbout 8 seconds per day) and after elapse of 30 hours from the

fully wound state, the instantaneous rate becomes about -16
‘ seconds / day (loss of about 16 seconds per day).
According to the conventional mechanical timepiece, the
accuracy of the timepiece is determined by accuracy of
operating the escapement & speed control apparatus including
the balance with hairspring alternately repeating right
rotation and left rotation, the escape wheel & pinion rotating
based on rotation of the front train wheel and the pallet fork
for controlling rotation of the escape wheel & pinion based
on operation of the balance with hairspring.
‘ (3) Problem which the invention intends to resolve
Therefore, in order to promote the accuracy of the
timepiece, the period of the rotational oscillation of
operating the balance with hairspring is obliged to increase
and it is difficult to fabricate the escapement & speed control
apparatus including such a balance with hairspring.
Moreover, according to the conventional mechanical

timepiece, a range of capable of increasing the period of the



ti mepi ece, a range of capable of increasing the period of the 7 rotational
oscillation of operating the balance with hairspring is limted and
accordingly, there poses a problem that a range of capabl e of inproving
the accuracy of the tinmepiece is limted. Therefore, accuracy of the
conventional nechanical tinepiece is inferior to accuracy of a quartz type
ti mepi ece. Therefore, the user of the conventional nechanical tinepiece

is obliged to correct time indicated by the nechani cal ti mepi ece at every

constant pgrhedonbiti BBeif4htOBhechrof obleaicnivgnt itde HepGRndd iwstan obj ect
of the invention to provide a nmnechanical tinepiece having extrenely
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i nvention_incl udes a. myvepent constituted to include a mainspring

constitutFﬁaeBleﬁgmér source of the nechanical tinepiece, a front train
wheel rotated a rotational force in rew ndin he i nspring and an
escapenent & sp@%ﬁrﬁgﬂF?CH %ﬁﬁﬂﬁgéphsokoﬁh§bn??%Y$?%bon$§t§T$%n? aphe front
train Mheggﬁeéggcgsﬁggﬁﬂig%cg'%geggcuracy'of a quartz type timepiece.
Therefore, the user of the conventional mechanical timepiece
is obliged to correct time indicated by the mechanical
‘ timepiece at every constant period of time.
(4) Object of the invention
Hence, it is an object of the invention to provide a
mechanical timepiece having extremely excellent accuracy.
Further, it is other object of the invention to provide
a highly accurate mechanical timepiece capable of being used
over a long period of time.
[Disclosure of the Invention]
(1) Constitution of mechanical timepiece of the
. invention
The mechanical timepiece of the invention includes a
movement constituted to include a mainspring constituting a
power source of the mechanical timepiece, a front train wheel
rotated by a rotational force in rewinding the mainspring and
an escapement & speed control apparatus for controlling

rotation of the front train wheel, the escapement & speed

control apparatus including a balance with hairspring



control apparatus including a balance with hairspring 8 alternately
repeating right rotation and left rotation, an escape wheel & pinion
rotated based on rotation of the front train wheel and a pallet fork for
controlling rotation of the escape wheel & pinion based on an operation of
t he balance with hairspring and the bal ance with hairspring including a
hai rspring, a balance stem and a bal ance wheel. The nmechanical tinepiece of
the invention further includes a crystal oscillator constituting an

oscillati @nters@¥eds repdatangdirigia ottt WHd fort ordfuk{dMg an Si gna
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electricity storing nmenmber operatin The ‘mechani cal timepiece of
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i nvention, includes a bal ance. magnet ,provided at the bal ance
The mechanical timepiece of the invention further

includes a crystal oscillator constituting an oscillation
' gsource, IC including a dividing unit for outputting a signal
with respect to time by inputting an output signal outputted
by oscillating the crystal oscillator and dividing the output
signal and an electricity storing member for operating IC.
The mechanical timepiece of the invention further
includes a rate detecting unit for detecting a rate of the
mechanical timepiece and a balance power generation control
unit constituted to control a period of rotational oscillation
of the balance with hairspring based on a divided signal
‘ divided by the dividing unit and an operational state signal
indicating the rate detected by the rate detecting unit and
generate power by the rotational oscillation of the balance

with hairspring.
It is preferable that the balance power generation
control unit of the mechanical timepiece according to the
invention, includes a balance magnet provided at the balance

with hairspring and coils arranged to be capable of exerting



with hairspring and coils arranged to be capable of exerting 9 nmagnetic
force to the bal ance magnet, wherein the coils are capable of restraining
rotation of the balance with hairspring by exerting the nagnetic force to
t he bal ance magnet based on the divided signal divided by the dividing
unit and the operational state signal indicating the rate detected by the
rate detecting unit. Further, it is preferable that in the bal ance power
generation control unit of the mechanical tinepiece according to the

i nventi onpagHEE Rt fe08N 86 ethdYbd hendOtidal wieskdin ationf1d he-dal ance
with hairspring is rectified by a rectifying circuit and is stored to an
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exerted at the_center point of the rotational oscillation of
rate detectlng unit

Further, it is preferable that in the balance power

generation control unit of the mechanical timepiece according

. to the invention, current generated by the rotational
oscillation of the balance with hairspring is rectified by a
rectifying circuiﬁ and 1s stored to an electricity storing
member .

Further, the balance power generation control unit of
the mechanical timepiece according to the invention, can
change a period of the rotational oscillation of the balance
with halrspring by controlling rotation of the balance with
hairspring by applying the "Airy's theorem".

‘ Here, the "Airy's theorem" indicates that "oscillation
of a pendulum is not disturbed even when energy is applied at
a center point of oscillation".

Therefore, it is known in the balance with hairspring
of the mechanical timepiece that even when external force is
exerted at the center point of the rotational oscillation of
the balance with hairspring, the period of the rotational

oscillation of the balance with hairspring remains unchanged

10



the bal ance with hairspring, the period of the rotational oscillation of
the balance with hairspring remai ns unchanged 10 and when the bal ance with
hai rspring is accelerated at and before the center of the rotational
oscillation of the balance wth hairspring or is decelerated at and after
the center of the rotational oscillation of the balance with hairspring,
the period of the rotational oscillation of the balance with hairspring
gains. Further, it is known in the case of the balance with hairspring

that when sidge AR Wid T ha S r}galﬁsinaﬁﬁ_ﬁ' B deskBirarely af t esndg he

center of the rotational oscillation of th alance with hairspring or is
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bal ance with hairspring, the period he rotational oscillation of the
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rotationa &E 'th ce Wit AhFPuATe HE e of the
nechanicaﬁphlneplece |.oses. %a%pnﬁéhtégé the rotation of the
bal ance ance w1th.ha1rspr ng w. alance with hairspring
is accelerated at and after the center of the rotational
. oscillation of the balance with hairspring or is decelerated
at or before the center of the rotational oscillation of the
balance with hairspring, the period of the rotational
oscillation of the balance with hairspring loses.

That is, it is preferable that the balance power
generation control unit of the mechanical timepiece according
to the invention, is constituted such that the rotation of the
balance with hairspring is braked at a timing prior to
constituting a center of the rotational oscillation of the

‘ balance with hairspring when the rate of the mechanical
timepiece gains and is constituted to brake the rotation of
the balance with hairspring after passing through the center
of the rotational oscillation of the balance with hairspring
when the rate of the mechanical timepiece loses.

By the constitution, the rotation of the balance with

hairspring can be controlled accurately and the rate of the

mechanical timepiece can be adjusted accurately.
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hai rspring can be controlled accurately and the rate of the nechani cal

ti mepi ece can be adjusted accurately. 11 Further, it is preferable that the
rate detecting unit of the mechanical tinmepiece according to the
invention, includes a pallet fork detecting piezoelectric el enent

provi ded at a bank pin for detecting operation of the pallet fork and a
pall et fork detecting signal counting unit for counting a pallet fork
detecting signal outputted fromthe pallet fork detecting piezoelectric

el ement. Accor dir@gthér} her Nes paeifedanlicmephecen&frd the ddvedit i unian
electricity storing nmenber may be, for exanple, a 0 chargeabl e secondary

battery opfa tiRargeahheiEQNUINSRILI A% é@@oféﬁﬁ@eﬁkiFtﬁ@CQW@@ﬂtﬂﬁﬁﬂery,

for exanple, a lithium secondary battery can be utilized. Further, the

mechani Pain&i‘g&@se%‘? mg%cﬂrecﬁ NgokR t@@teéﬁ‘i’ﬁ%t i;ﬁi’hi@é’lé@tﬂ&?”e‘i%%e‘?{[é h an
automati ¢ w nding power "generation unit. Th this case, It is constituted

t hat el [ C. .ed ' i ndi ti

unit s oPbrEiEItRl BREE PLE e heFe Rl A bRt AL 12 R Rl TR 20
ece of the invention.,that the rectifying

di h hani | i ,
oot EskoABE B R 16 ety Se T tie, S Ban P cPolbang” taat deton |
h di .to th hot tky. b i .di od t i | d
oot e T rRuRES b B BRERonbrls ArbRE AR P onarg oRe B bl Fron REET 1S

pallet fork detecting piezoelectric element.

According to the mechanical timepiece of the invention,

‘ an electricity storing member may be, for example, a
chargeable secondary battery or a chargeable condenser. As
the chargeable secondary battery, for example, a lithium
secondary battery can be utilized.

Further, the mechanical timepiece according to the
invention may be provided with an automatic winding power
generation unit. In this case, it is constituted that electric
energy generated by the automatic winding power generation
unit is stored to the electricity storing member.

. Further, it is preferable according to the mechanical
timepiece of the invention that the rectifying circuit is
constituted by using a Schottky barrier diode. The reason is
that according to the Schottky barrier diode, the operational
speed is faster than that of a PN couple diode and forward
direction voltage is low, which is optimum for rectifying low
voltage.

Further, it is preferable in the mechanical timepiece
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direction voltage is low, which is optinumfor rectifying |ow voltage.
Further, it is preferable in the nechanical tinepiece 12 of the invention
that the 1Cis constituted by using an SO technol ogy. The reason is that
when the "SO technology” is used, electrostatic capacitance of a

transi stor can be reduced, the operational speed can be accel erated and
current consunption can be reduced. Further, it is preferable according to
t he bal ance power generation control unit of the nechanical tinepiece of

the invepti gRet DAvehBEoRatRACELROVES TeNedd d DNt Pluditd drS soT |
constituted to generate inductive current in the coils by the rotational

osci | | ati eacghiol Bgybal Anc e dddh hai kBRI RHeRYthE ONSHEti dhidfofipi lig i n a

constant time interval including the center of the rotational “oscillation

f the b i i i . : i tuti Is ti t

of Uhe bahalse, Wide MALLANL "GacBLithe BonsH! Lt LofchBduet g oty ent car
are Used ToBabed: i Snehe ot BBERE (R deb kP e IR A S BRS  ee.
According to sucF.an analgg tggeﬁgaartz ti mepi ece, energy provided by
battery i SCUSBYPFOP nERSUPFnE®rPHE®by operating quartz and I C and

displaying i e by, otat]ng.a 0L Ol fS L84, 9a: 0l ENTDLAPET] Yo BRSUT T 10
generation control unit of the mechanical timepiece of the
invention that the balance power generation control unit is

‘ constituted to generate inductive current in the coils by the
rotational oscillation of the balance with hairspring by
conducting the coils in a constant time interval including the
center of the rotational oscillation of the balance with
hairspring.

By the constitution, inductive current can be generated
in the coils firmly and efficiently.

(2) Effect of mechanical timepiece of the invention

In a normal analog type quartz timepiece, there are used

. battery, quartz, IC, motor, train wheel, hands and the like.
According to such an analog type quartz timepiece, energy
provided by battery is used for measuring time by operating
quartz and IC and displaying time by rotating a motor. A ratio
of energy used for measuring time by operating quartz and IC
to energy used for displaying time by rotating a motor is about
3:7.

Therefore, when only a function of measuring time is

13



to energy used for displaying tine by rotating a notor is about 3:7.
Therefore, when only a function of neasuring tine is 13 used in the anal og
type quartz timepiece, even in the case of wusing the sane battery, the
battery life is prolonged by a nultiplication of 3 or nore. In the norma
anal ogy type quartz tinepiece, a battery life is about 2 years. In
contrast thereto, according to the nmechanical tinepiece of the invention,
when there is used an electricity storing nmenber having di nensions and

shape subgtaatigldne bh@103AEPpaSqhALPES OfmdditedOr RlerfRal fHet YD @iart z
timepiece, that is, a secondary battery or a condenser, the secondary

battery QélﬁBetﬁengﬁfﬁéeba%%r Yhedayeery UiFe RS 'p%%l'o?@%%f w%ﬂ the
battery life of the normal analog type quartz tinepiece. Further

nor mal mehant 63k SLLABRISCY SARRS USechamoARRLLAR1XEY By AL ol -

repairing t hec anlcal tlneplece at en th ca

tlneplece iﬁeB%SEQaugeﬂ? %ﬁgré%o egé a%ggg]gggég t use, the nechani cal

ti mepi ece can bé use heref ore, when the

nor mal nmechani c |ece | rhauled o chani c plece
can be used for?%b ngg FSears efSFSO grdP%gnq% iﬁ%ﬁéﬁica
tlneplece of the inyvention, even mh n there are use uartz and | C simlar
to those UFePhECRT i eanaV G tHBe HUSH (2105 trepi BEET atf Hes I 1 ci t y

storing nenber having di_mensi ons and ,shape
9 storing member havr}Lng dslmenSJ.onspand shape substantially the

same as those of the normal analog type quartz timepiece, that
‘ is, a secondary battery or a condenser, the secondary battery
or the condenser can be used over a. time period longer than
the battery life of the normal analog type quartz timepiece.

Further, the normal mechanical timepiece can be used for
about 5 years without repairing the mechanical timepiece at
all and when the mechanical timepiece is overhauled after 5
vears from start of use, the mechanical timepiece can be used
further for about 5 years. Therefore, when the normal
mechanical timepiece 1s overhauled once, the mechanical

‘ timepiece can be used for about 10 years.

Therefore, according to the mechanical timepiece of the
invention, even when there are used quartz and IC similar to
those of the normal analog type quartz timepiece and the
electricity storing member having dimensions and shape
substantially the same as those of the normal analog type
quartz timepiece, that is, the secondary battery or the

condenser, it is not necessary to interchange the battery

14



substantially the sane as those of the normal anal og type quartz

ti mepiece, that is, the secondary battery or the condenser, it is not
necessary to interchange the battery 14 until the timnmepiece needs to
overhaul . Further, according to the nechanical tinepiece of the invention,
when the capacity of the electricity storing nmenber, that is, the
secondary battery or the condenser is increased and power consunption of
| C is reduced, there can be provided a tinepiece which can be used until

life of auyperlli @Reof imepsdaficeds Sbroedttigul eXPukenerFUAEREFA1A§CHS di Ng tO
t he nechanical tinepiece of the invention, the tinepiece is operated by

the mechapheahecALhYELYT €1R0G: L UMIHY Y nveheR oW eNnehechs | & S8 Qy stored

to the electricity storing nmenber, that is, the secondary battery or the

condenser S (eSSl pat -;cs%%;&%e%%ﬁ%ﬁgfﬂ_ cBLeSLARPAL LS dAdER) ece and

only accuracy of time s I nfeftior to that efore ti |l ectric
Furt her . BRESetTngt SnEncCHAChERF ot “HioRiatd SR SR Bfhen an
t ti i ndi ti hani, r a,handw ndi.n over
qener at | oRETEe A P e b R Eaop B POy YHREk oc DHBEPHEERAY LR Sbct r1 o
stored to the .storing nber, that is, the_ secondary battery or the
condenser PPs eSs Htic. 1145 | &f DeSCFFhPRoREoP MRENBPH ATt ructure

expires.
Further, according to the mechanical timepiece of the
. invention, the timepiece is operated by the mechanical
structure and accordingly, even when electric energy stored
to the electricity storing member, that is, the secondary
battery or the condenser is dissipated, there is no concern
of stopping the timepiece and only accuracy of time display
becomes inferior to that before the electric energy stored to
the secondary battery or the condenser is dissipated.
Further, according to the mechanical timepiece of the
invention, when an automatic winding power generation
. mechanism or a handwinding power generation mechanism is
mounted, there is less concern that the electric energy stored
to the storing member, that is, the secondary battery or the
condenser is dissipated.
[Brief Description of the Drawings)
Fig. 1 is a plane view showing an outline shape of a front
side of a movement according to an embodiment of a mechanical

timepiece of the invention (in Fig. 1, portions of parts are
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Fig. 1 is a plane view showing an outline shape of a front side of a
novenment according to an enbodi mnent of a mechanical tinmepiece of the
invention (in Fig. 1, portions of parts are 15 omtted and bri dge nenbers
are indicated by imaginary lines) . Fig. 2 is an enlarged partial plane
vi ew showi ng an outline shape of a portion of a balance with hairspring
according to the enbodi nent of the mechanical tinepiece of the invention.
Fig. 3 is an enlarged partial sectional view showing the outline shape of

the portiepieteihendaammR Wehbehai 450N caAPLY NEad PniPe BFRad ment  of

t he mechani cal tinepiece of the invention. Fig. is a perspective view
showi ng an outling shang £ éhat Fegpel pesnEding.t & tomn%”%qp' rent
of the nechanica? ti mepi ece of tﬁ%g?ﬁeention.ﬁFﬁg. 51is ahbloc I agr am

show ng aBuEEHhie”"sl‘%fpémgf at| re@%Or%ogEr al l]&é;%lﬁ]’@r @&itﬁn }%‘il{gbtq:li%@pance

with hairspring according to't odi nment e mechani ca i ece of

the invenLj : F .S i r i rinciple of contralling
operati onQ%FB?ﬁégg%%%&a ?M’ﬂ?(lgﬁa a?lsrfggorél Eéggéc(:%:%?ad}o lnégarhtcg e l&ﬁﬁo‘&# ntg}ﬁ of the
mechani cal %ggggiece of the invention. Fig. 7 is an outline partial plane

vi ew show i Bhstitution of a portion of detecting operation of a train

i enbodi_nent of th chani cal_ ti mepi ece
wheel accordi ngFRS. t3h(:aLs an enlarged part:?afesectnional v1ewpshowing the

outline shape of the portion of the balance with hairspring
according to the embodiment of the mechanical timepiece of the
‘ invention.

Fig. 4 is a perspective view showing an outline shape
of a balance magnet according to the embodiment of the
mechanical timepiece of the invention.

Fig. 5 is a block diagram showing an outline of operation
of controlling operation of the balance with hairspring
according to the embodiment of the mechanical timepiece of the
invention.

Fig. 6 is a time chart showing principle of controlling

. operation of the balance with hairspring according to the
embodiment of the mechanical timepiece of the invention.

Fig. 7 is an outline partial plane view showing a
constitution of a portion of detecting operation of a train
wheel according to the embodiment of the mechanical timepiece
of the invention.

Fig. 8 illustrates time charts showing the principle of

controlling the operation of the balance with hairspring
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of the invention. Fig. 8 illustrates tine charts show ng the principle of
controlling the operation of the balance with hairspring 16 according to
t he enbodi nent of the nmechanical tinepiece of the invention. Fig. 9is a
fl omchart showi ng operation of a portion of controlling the operation of
the balance with hairspring according to the enbodi nent of the nechanica
ti mepi ece of the invention. Fig. 10 is a plane view showing an outline
shape of a front side of a novenent of a conventional mechani cal

ti mepi ece alicdrditg 48, tHOEhLBASMEH tRSF thethEcRERI EET BibddPe s fRabers
are indicated by imaginary lines). Fig. 11 is an outline partial sectional
view of the,mpMegent of the conventional nechanical tinepiece (in Fig. 11,
portions of parts are omtted). Fig. 12 is a graph showing an outline of a

rel ationship b%&pggg %ateEﬁB%@h%E@sﬂ%w%xﬁ%‘é%%%:ﬂccﬁ)g@?gﬂ%léili@gu@ state

and mainspring to e mechani ca a graph

showi ng a | i e | ip.b e i.ng .angl.e of a bal ance
W th hair SSPiRg aREY (hd skt or T ha Rt B RSN T 1
is a graph_show.n e.of a.r en _t.he swi,ng angl e of

sho némtuetlig 1A teén ionshlié . bet we _
the bal anE& Wi %al sg"rl RYPIHEGRE 9 gilgnr{l%% ‘%ﬁﬁsc?‘;tte”qeﬁ’lte}?f RECHERI cal
tInEpIece'J'.nvention.
Fig. 10 is a plane view showing an outline shape of a
front side of a movement of a conventional mechanical
' timepiece (in Fig. 10, portions of parts are omitted and bridge
members are indicated by imaginary lines).

Fig. 11 is an outline partial sectional view of the
movementcﬂftheconventionalnechanicaltimepiece (in Fig. 11,
portions of parts are omitted).

Fig. 12 is a graph showing an outline of a relationship
between an elapse time of rewinding from a fully wound state
and mainspring torque in the mechanical timepiece.

Fig. 13 is a graph showing an outline of a relationship

’ between a swing angle of a balance with hairspring and
mainspring torque in the mechanical timepiece.

Fig. 14 1s a graph showing an outline of a relationship
between the swing angle of the balance with hairspring and an
instantaneous rate in the mechanical timepiece.

Fig. 15 is a graph showing an outline of a relationship

between the elapse time of rewinding from a fully wound state

and the instantaneous rate in the mechanical timepiece.
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Fig. 15 is a graph showng an outline of a relationship between the el apse
time of rewinding froma fully wound state and the instantaneous rate in

t he nechanical tinepiece. 17 [Best Mdde for Carrying Qut the Invention] An
expl anation will be given of enbodi ments of a mechanical tinepiece
according to the invention in reference to the drawings as follows. (1)
Total constitution of mechanical tinepiece of the invention In reference
to Fig. 1 and Fig. 2, according to an enbodi nent of a nechanical tinepiece

of the inygakitofoda rBPVeseRyif400hBCtHEesndeABEBnPl ate 102 constituting a
base plate of the novenment. A wnding stem110 is integrated rotatably to

a winding stem gyi dg ol tli0Ze Qf1thedmigavehater LaRoAnidls (88t a

illustrated) is attached to the novenent 640 of the nechanical tinepiece

of L€ | N¥eBhLARealNeifibA od8 adi P IEf i tlle [90CRKAIR! £ A Al

graduati on, aduat1 on, clock graduation an ock

graduatioPP %ggtﬁ%%gkﬁgssgggﬁééggkg.provided W th a square portion and a

gui de shaft cl Ut (not illustrated) 1is integrated to the
cauar e port i on of L As -l nebag el e Melad St et ek e
the winding stem 110. That is, the clutch wheel is provided wth a square
hol e iflvention
In reference to Fig. 1 and Fig. 2, according to an
embodiment of a mechanical timepiece of the invention, a
. movement 640 includes a main plate 102 constituting a base
plate of the movement. A winding stem 110 is integrated
rotatably to a winding stem guide hole 102a of the main plate
102.
A dial (not illustrated) is attached to the movement 640
of the mechanical timepiece of the invention. The dial is
provided with, for example, 12 o'clock graduation, 3 o'clock
graduation, 6 o'clock graduation and 9 o'clock graduation.
The winding stem 110 is provided with a square portion
‘ and a guide shaft portion. A clutch wheel (not illustrated)
is integrated to the square portion of the winding stem 110.
That is, the clutch wheel is provided with a rotational axis
line the same as a rotational axis line of the winding stem
110. That is, the clutch wheel is provided with a square hole
and is provided to rotate based on rotation of the winding stem

110 by fitting the square hole to the square portion of the

winding stem 110. The clutch wheel is provided with tooth A

18



and is provided to rotate based on rotation of the winding stem 110 by
fitting the square hole to the square portion of the wnding stem 110. The
clutch wheel is provided with tooth A 18 and tooth B. The tooth Ais

provi ded at an end portion of the clutch wheel proximate to the center of
the novenent. The tooth B is provided at an end portion of the clutch
wheel proximate to an outer side of the novenent. The novenent 640 is
provided with a switch apparatus for determ ning a position of the w nding

stem 110 iahd R8ocdkiBl Theneodihestinprollideiivht Con aRRIrES delkugrs a
setting lever 132, a yoke 134, a yoke spring 136 and a setting |ever

junper 136 tBasemhed At Oftd hsatditgr | oFe¥nd 3dovdhenPOSi then in

the rotational axis line direction of the winding stem 110 is determ ned.

Based on roicai o f SRSy YakE 484anacRASIA o b Nohd LI RAaKL S | ne

direction of the clutch wheel is eternmined. Based on rotation of the

setting | %\i%récli}r%%e the anyQJ.%etgzljr:i%iid% %q_sitt{jeor;&q,etﬂ%r}tvm positions in the

rotationa rection. Awnding pinion 112 1s provided rotatably at the

gui de shaft po ieoﬂo-\(?%\%l&?ﬁ ét’ﬁhd]_dﬂsnggr f&g%m.thvge%it%%s\émgggiaggpgtgm 110 is

rotated in a state in e Wdi ng stem _ tra Trst
1100, SUEPRESI- 0o B:35805), Mok cPLERATRL Lol 15! INCEy sl 0f (e
constitut iq.net giégctzgggn\./i %h[aostm%ii:c na%];atrg%u%,l ggg?uggge&! 'seétcl;;lgmﬂje\\;\greel 114
132, a yoke 134, a yoke spring 136 and a setting lever jumper
' 136. Based on rotation of the setting lever 132, the position
in the rotational axis line direction of the winding stem 110
is determined. Based on rotation of the yoke 134, a position
in the rotational axis line direction of the clutch wheel is
determined. Based on rotation of the setting lever 132, the
yoke 134 is positioned to two positions in the rotational
direction.
A winding pinion 112 is provided rotatably at the guide
shaft portion of the winding stem 110. When the winding stem
‘ 110 is rotated in a state in which the winding stem 110 is
disposed at a first winding stem position (0-stage) most
proximate to the inner side of the movement 640 along the
rotational axis line, the winding pinion 112 is constituted
to rotéte via rotation of the clutch wheel. A crown wheel 114
is constituted to rotate by rotation of the winding pinion 112.

A ratchet wheel 116 is integrated to rotate by rotation of the

crown wheel 114.
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is constituted to rotate by rotation of the winding pinion 112. A ratchet
wheel 116 is integrated to rotate by rotation of the crown wheel 114. 19
The novenent 640 is provided with a mainspring (not illustrated) contained
in a barrel conplete 120 as its power source. The nmainspring is made of an
el astic material having spring performance such as iron. By rotating the
ratchet wheel 116, the nmainspring is constituted to be capabl e of being
wound up. A center wheel & pinion 124 is constituted to rotate by rotation

of the barrel conpl aboehdlt Adhivd yheel ddd Wﬂ'tl@na_ B nispra@rst (rddt ed to
rotate based on rotation of the center wheel & pinion 124. A fourth wheel

& pi ni on izﬁuséraeeaslééﬁegmé& ir?taﬁﬁo%rl%%iegoﬁﬁlégbaﬁQnanlﬂé"%cME ¢ d wheel
& pinion 126. An escape wheel & pinion 130 is constituted to rotate based

22&2?%3@?% Y ﬁﬁ*ﬂeﬁ”‘%ﬁsmﬁ AR e 2R TR 8 %%erf%mL Felirch
uheel & plgi o 125 AQNSLIAILGCA o 198 LE) Roulisl, tg%r% Lydan o

escapemnen appar atu DV e AT egra ed with

an escape t nt.r.ol con rotatlon t he
front trQFQ eeﬁg$$%8%9n§apeﬁ§ﬁg% %égégd9contr%9a pg arus 2 e des a
bal ance m&éh hai rspring 140 repeating right

A center wheel & pinion 124 is constituted to rotate by
rotation of the barrel complete 120. A third wheel & pinion
‘ 126 is constituted to rotate based on rotation of the center
wheel & pinion 124. A fourth wheel & pinion 128 is constituted
to rotate based on rotation of the third wheel & pinion 126.
An escape wheel & pinion 130 is constituted to rotate based
on rotation of the fourth wheel & pinion 128. The barrel
complete 120, the center wheel & pinion 124, the third wheel
& pinion 126 and the fourth wheel & pinion 128 constitute a
front train wheel.
(2) Constitution of escapement & speed control
‘ apparatus
The movement 640 is integrated with an escépement &
speed control apparatus for controlling rotation of the front
train wheel. The escapement & speed control apparatus
includes a balance with hairspring 140 repeating right
rotation and left rotation at a constant period, the escape
wheel & pinion 130 rotating based on rotation of the front

train wheel and a pallet fork 142 for controlling rotation of
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rotation and left rotation at a constant period, the escape wheel & pinion
130 rotating based on rotation of the front train wheel and a pallet fork
142 for controlling rotation of 20 the escape wheel & pinion 130 based on
operation of the balance wth hairspring 140. The basi c operati onal
principle of the escape wheel & pinion 130, the pallet fork 142 and the
bal ance with hairspring 140 is simlar to that of the novenent of the
conventional nechanical tinepiece. In reference to Fig. 7, the pallet fork

142 incl udese ascapalwtiedl BISIni el 0182881V bgedat 9ol £ amabbgl ghcbei ng
br ought into contact with the escape wheel & pinion 130, an outlet finger

jewel 142k ipPWHadeddya e 1wapabl e of being brought into contact with the
escape wheel & pinion 130, a pallet fork sword tip portion 142c provided

h th i ' 1 il ; t it j rspring

nters and | cavesd Begicl BEratipHay' ?%%ﬁ%éﬁtﬁ.ec,ﬁ%%:@%é%%@twg%@%a Shce

i th hai I ! j t in the t.direction
(count or cEaBks 52 B ot PAby ¢ G 1P g?&%ﬁagjn%‘%%wﬁﬁ?f%%ﬁ%?i%w; swor d
tip pprtiqq 142¢c. .. . hen%:taﬁgﬁyjq?tgfmel rotateg%%hgﬁﬁa et fork 142 in

h ht ~°@ P& BRI S R ST dNY ek et PN FRELPWR R 142
gtgprggdtrellgsg L }gl gﬁde of theeinle;3finger jeael 14?3. Then, a-
rocki ng cOFfEP o hd 1 BEPA5E S heel & pinion 130 noves to an inpact face of

the inlet fi ngerInj ggﬁgréégg'tc?%ifgqr (:7? the pallet fork 142 includes an
inlet finger jewel 142a provided to be capable of being brought
. into contact with the escape wheel & pinion 130, an outlet
finger jewel 142b provided to be capable of being brought into
contact with the es‘cape wheel & pinion 130, a pallet fork sword
tip portion 142c provided such that a swing jewel (not
illustrated) of the balance with hairspring enters and leaves

and a pallet fork rod portion 1424.

When the balance with hairspring and the swing jewel are
rotated in the left direction (counterclockwise direction),
the swing jewel enters the pallet fork sword tip portion 142c.

. Then, the swing jewel rotates the pallet fork 142 in the right
direction (clockwise direction) and makes the pallet fork 142
stop and release on the side of the inlet finger jewel 142a.
Then, a rocking corner of the escape wheel & pinion 130 moves
to an impact face of the inlet finger jewel 142a. By force
of the escape wheel & pinion 130, the impact face of the inlet
finger jewel 142a is pushed up and the pallet fork 142 is

rotated in the right direction (clockwise direction). Then,
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of the escape wheel & pinion 130, the inpact face of the inlet finger

jewel 142a is pushed up and the pallet fork 142 is rotated in the right
ditection (clockw se direction) Then, 21 the pallet fork sword tip portion
142c presses the swing jewel and rotates the swing jewel in the left
direction (counterclockw se direction). Wen the inpact is over, a tooth
of "t he escapenent wheel pinion 130 |eaves the inlet finger jewel 142a, the
escape wheel & pinion 130 rotates idly and the escape wheel & pinion 130

drops. WieRethel BS€ 3R MBRELAS 1 Boer 15801 f2Aihas N epRi Mingtjwelt oot h of
t he escape wheel & pinion 130 is is brought into contact wwth™a stop face

of the ouglgt fiRp E%sieW%e3L§QEﬁd)thW§Py ggnstitut ¢ gf i rgt.Statjonary
e ot

state. en t irst stationary state is over and thé swing ]ewel |eaves

the palle cgﬁﬁgeggﬁpg¥%kBepaaggggiéﬁigésby the force of the pallet wheel &

pi ni on 130, ork ro the swing jewel in the left

G est o0 {CORREETRe iaR CLLeg onk, Euy e e b el il ol

Conot 11 ut B B-CheBniap yLGTRET oFaF y RSt &R R el 45D SAePPe

hairsprin h143 is.rqtatﬁg in thg | e dizfﬁk%gn égounterclockwﬁse

directi on‘g Sfd e 150 reFRESE ot dtY &7 eSGRBR Wheehdt MW t h

hairspring3%4%12%%9heswﬁen the escape wheel & pinion 130 finishes
dropping, other tooth of the escape wheel & pinion 130 is

‘ brought into contact with a stop face of the outlet finger

jewel 142b to thereby constitute a first stationary state.

When the first stationary state is over and the swing
jewel leaves the pallet fork sword tip portion 142c, by the
force of the pallet wheel & pinion 130, the pallet fork 142
rotates the swing jewel in the left direction
(counterclockwise direction). Further, the pallet fork rod
portion 142d is brought into contact with a first bank pin 1024
of themain plate and rotation of the pallet fork 142 is stopped

. to thereby constitute a secondary stationary state.

Further, the balance with hairspring 140 is rotated in
the left direction (counterclockwise direction) and carries
out free rotation.

Next, when the balance with hairspring 140 reaches a
position of a maximum swing angle, the balance with hairspring

140 is rotated in the right direction (clockwise direction)

and the swing jewel is rotated also in the right direction
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position of a maxi num swi ng angle, the balance with hairspring 140 is
rotated in the right direction (clockwi se direction) and the swng jewel
issrotated also in the right direction 22 0 (cl ockw se direction). Then,
the swing jewel is brought into contact with the pallet fork sword tip
portion 142c and the pallet fork 142 is rotated in the left direction
(countercl ockwi se direction). Then, the pallet fork 142 is nmade to stop
and release on the side of the outlet finger jewel 142b and operation

simlar tQcibbatyiek Hheceutbal .finger jewel 142b is repeated on the side
of the inlet finger jewel 142a. (3) Constitution of train wheel Referring

back to Fig. 1 rhaacd.R0 &phadldll ithe 6aahe! s \yé@e%néhgmgf’ e 2

cannon pinion (not illustrated) si mu taneous rotate

(not "'ugs?g%edzorﬁtg@&mdcltpgpw&sgnmct#‘a Wd paldiel Ebplfyd g SP Y

"m nut e" € cannon pilnion’i rovided W
det d. sl I I t t 24. B d
oot ati BRES F%fi'hincgﬁ%oﬁ ek fheceldh ik 10460 se %fs%«%‘éﬁ’%a; s
r ot at ed. r ot on of th m nut wheel our_ wheel (not
i |l ustrat EE)SE gﬂ‘ét%‘? ‘IEtAe”rPlHBJr H&ng‘aéﬁ &S’rn%EiOIPoalflﬁeéJ %%ﬁswfé&th%

constitute to |
sgde 09 t

¥1tlehO ;nger jewel 142b and operation similar to
that of the outlet finger jewel 142b is repeated on the side
of the inlet finger jewel 1l42a.
’ (3) Constitution of train wheel
Referring back to Fig. 1, based on rotation of the center
wheel & pinion 124, a cannon pinion (not illustrated) is
simultaneously rotated. A minute hand (not illustrated)
attached to the cannon pinion is constituted to display
"minute". The cannon pinion is provided with a slip mechanism
having a predetermined slip torque relative to the center
wheel & pinion 124. |
Based on rotation of the cannon pinion, a minute wheel
‘ (not illustrated) is rotated. Based on rotation of the minute
wheel, an hour wheel (not illustrated) is rotated. An hour
hand attached to the hour wheel is constituted to display
"hour".
The barrel complete 120 is supported rotatably by the
main plate 102 and a barrel bridge 160. The center wheel &

pinion 124, the third wheel & pinion 126, the fourth wheel &

pinion 128 and the escape wheel & pinion 130 are supported
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The barrel conplete 120 is supported rotatably by the main plate 102 and a
barrel bridge 160. The center wheel & pinion 124, the third wheel & pinion
126, the fourth wheel & pinion 128 and the escape wheel & pinion 130 are
supported 23 rotatably by the main plate 102 and a train wheel bridge 162.
The pallet fork 142 is supported rotatably by the main plate 102 and a
pall et bridge 164. (4) Constitution of balance with hairspring In reference
to Fig. 2 and Fig. 3, the balance with hairspring 140 is supported

rotatabl yrbyathplyaby thahiiH031a880162 ked@nrcerbindgRedbboridgd ien. an
upper nortise of the balance stem 140a is supported rotatably by a bal ance

upper beenkngaiféa foxed 40 Mm%bwé@ Eb'tggﬁbl96byw9ﬁe bRl B0 Gl a P Per
beari ng 166a I ncl udes a bal ance upper hole jewel and a bal ance upper cap

j ewel . Thgogagﬁacg Bg@g@thgggdbgm§g4and the bal ance upper cap jewel are
made of an i1nsulating material "such as ruby. The balance with hairspring

140 incl udes anggkaegﬁsF§Fﬁg1ééng Ba P n}gﬁbgﬂgﬁgl}ég d a hairspring

140c. A | ower ise o al ance's a is suppo rotatably by a
bal ance | ower bearin 102b fi in. pl 02 e bal ance | ower
bearing 102b i ntl'ud&5°4"® BSFaﬁ@e Hgdmn,jr] %ﬁepi‘% %‘ bﬁ-j‘laé’ﬁ(,ee YWouwker cap
jeuelTog balance, |t ol vl and, i el L over cop vl o'E”
spring In a he|£ fance bridge 166. That is, an upper mortise of the
balance stem 140a is supported rotatably by a balance upper
. bearing l66a fixed to the balance bridge 166. The balance
upper bearing l66a includes a balance upper hole jewel and a
balance upper cap jewel. The balance upper hole jewel and the
balance upper cap jewel are made of an insulating material such
as ruby. The balance with hairspring 140 includes a balance
stem 140a, a balance wheel 140b and a hairspring 140c.
A lower mortise of the balance stem 140a is supported
rotatably by a balance lower bearing 102b fixed to the main
plate 102. The balance lower bearing 102b includes a balance
‘ lower hole jewel and a balance lower cap jewel. The balance
lower hole jewel and the balance lower cap jewel are made of
an insulating material such as ruby.
The hairspring 140c is a leaf spring in a helical
(spiral) shape having a plural turn number. An inner end
portion of the hairspring 140c is fixed to a hairspring holder
fixed to the balance stem 140a and an outer end portion of the

hairspring 140c is fixed by screws via a hairspring stud
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(spiral) shape having a plural turn nunber. An inner end portion of the
hai rspring 140c is fixed to a hairspring holder fixed to the balance stem
140a and an outer end portion of the hairspring 140c is fixed by screws
via a hairspring stud 24 attached to a stud support 166a rotatably fixed
to the balance bridge 166. The bal ance bridge 166 is nade of an
electrically conductive naterial of nmetal such as brass. The stud support
166a is made of an eclectically conductive material of netal such as iron.

The hai r spticagh&d0to iz sehangabsst- and seorbeachpdyi fitd@ t o aHbUsa tid&sti on of
t he hairspring 140c in accordance with rotational angle of rotating the

bal ance Wothdhai 1661 | NTthelBl anfO @ @hes L8 i dreashovebby; B, 1. when
t he bal ance mFth hai rspring 140 is rotated in the cl%ckmnse d%recf¥on, t he

hai rspringohdferiseCRRLEASLEDh ¢ et i LEEH 98 daver d Lhe &E@@ﬁéeu%;gc{ré he

bal ance with hairspring 140 and 1 n contrast thereto, ~when ance with

hai rspringeali ka8l AL e ;609N EEhAGKILSE JLESEILON Gy

hai rspring 140c is expanded 1Tn a diréctron renbte Tromihe cen _
bal ance “EEQh bai t$pKi ng 140. The hairspring 140c is made of an elastic
mat eri al aving Spring performance such as "elinvar". That is, the

i i i . JicCi i i a of nmetal .
hai rspring 140CT1'1% Haa:‘?'?s&fq%é‘ ﬁ{(?cCtlrsl %Il%%g%%g%ug}qldvgogg£§é{:e in the

radius direction of the hairspring 140c in accordance with
rotational angle of rotating the balance with hairspring 140.
. For example, in a state shown by Fig. 1, when the balance with
hairspring 140 is rotated in the clockwise direction, the
hairspring 140c is contracted in a direction toward the center
of the balance with hairspring 140 and in contrast thereto,
when the balance with hairspring 140 is rotated in the
counterclockwise direction, the hairspring 140c is expanded
in a direction remote from the center of the balance with
hairspring 140.
The hairspring 140c is made of an elastic material
‘ having spring performance such as "elinvar". That ig, the
hairspring 140c is made of an electricity conductive material
of metal.
A portion proximate to an outer periphery of the
hairspring 140c is supported between a hairspring bridge 426
and a hairspring rod 428. Therefore, the effective length of
the hairspring 140c is determined by determining positions of

the hairspring bridge 426 and the hairspring rod 428 by
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A portion proximte to an outer periphery of the hairspring 140c is
supported between a hairspring bridge 426 and a hairspring rod 428.
Therefore, the effective length of the hairspring 140c is determ ned by
determ ning positions of the hairspring bridge 426 and the hairspring rod
428 by 25 rotating a regulator 420. Further, when the effective |length of
the hairspring 140c is determ ned, the period of the rotational
oscillation of the balance with hairspring 140 is determ ned and the rate

of the neg¢hapkeal 4 irmpieasd a20detmiramad. wh) ©aBséf et Dre dferipdiance
magnet provided at balance wth halrsprlng and coils provided at main

plate I n pef ehencry i Pefi Ongl1ubough HbBeringQl ! $nkB80eAB808. of 43R0 and

180c are attached to a face on the front side of the hamin plate 102 to be

opposed t?g@aﬁ%ﬂﬁgﬁ%& ilé@forl?ac}]f’lrt%% ‘Iﬂ‘é %ee%@@hoﬂai?&pﬂﬂﬁ PLIO the main

pl at e. e nu er o col for exa

illustrated the n nber be one, be t na be
four or F&e rﬂlgaﬁance ggéﬁefrﬁaﬁe i's é??agﬁ ]e g%@éS%ggg osy
bal ance mntgghalrs rlng 140b on the side of the naln plate to be opposed

to the faf&*GAMEAEY r ont side of the main plate 102. Although it is
preferable that (@ Shoun, DY FLg & o Bhafas PG e
plurali ty Qf pi‘lggggpgflngoglqcsi cio:SLls provided at main plate

In reference to Fig. 1 through Fig. 3, coils 180, 180a,

‘ 180b and 180c are attached to a face on the front side of the
main plate 102 to be opposed to a side face of the balance wheel
140b on the side of the main plate. Although the number of
the coils is, for example, four as illustrated, the number may
be one, may be two, may be three or may be four or more.

A balance magnet 1l40e is attached to the side face of
the balance with hairspring 140b on the side of the main plate
to be opposed to the face on the front side of the main plate
102.

‘ Although it is preferable that as shown by Fig. 1 and
Fig. 2, an interval in a circumferential direction of the coil
in the case of arranging the plurality of pieces of coils, is
an interval in the circumferential direction of an S pole and
an N pole of the balance magnet 140e arranged to be opposed
to the colil multiplied by an integer, the interval may not be

the same for all of the coils in the circumferential direction.

Further, according to such structure of providing the
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an interval in the circunferential direction of an S pole and an N pole of
t he bal ance magnet 140e arranged to be opposed to the coil multiplied by
am integer, the interval nay not be the sane for all of the coils in the
circunferential direction. Further, according to such structure of
providing the 26 plurality of pieces of coils, wirings anong the respective
coils may be wired in parallel such that currents generated at the
respective coils by electromagnetic induction are not canceled by each

ot her. A'f:%f‘aﬂ‘é?' ¥ WikkBe dr0RGithe JieSPRE lMRriLidi MRERE tiyed in
paral l el such that currents generated at thé respective coil's by

o ect el L ot 8 oL, e, Jagelgence (o

Fig. 4, t al ante nmag S  provi an annul ar

shape (ri %ﬁyf’ljlé(er i\%‘%o;l;soggoie/?.%cé g&%@gﬁ%&gg?Jf&éuQEISﬁtAPé‘sztor

exanpl e, e are al ternat i ONs conprising 12

i f 40s1 .t hy ough 14Qs12 12 i f N_pol 40n1
Chr ough 19BRGSLTR B S Thob SiFSed in CHAMIE oY GOURE Z0f  8R6PEn. A t hough

t hr ough 19 are porarizeéed i'n e up an

the nunber of the magnet portions, arranged in.the annul.ar. shape (ring-1ike
Shape) | nFERRCBAFURCEoL HRGTN E106 e 15 PACE AL Lt o ey .
the nunber may be a plural nunber of 2 or nore. In this case, it is O
preferabl%eFﬁE?tﬁdleﬁgthtBF ORESPRELAVEF CRéLSaghdt SdaGtaremegnetic
substantially equal to an outer dianeter of one coil provided to be
opposed t é"EHethagndrepBPti Anceled by each other.

In reference to Fig. 4, the balance magnet 140e is

‘ provided with a mode in an annular shape (ring-like shape) and

along its circumferential direction, for example, there are

alternately provided magnet portions comprising 12 pieces o:E

S poles 140sl through 140512 and 12 pieces of N poles 140nl

through 140nl2 which are polarized in the up and down

direction. Although the number of the magnet portions

arranged in the annular shape (ring-1like shape) in the balance

magnet 140e is 12 in the example shown in Fig. 4, the number

may be a plural number of 2 or more. 1In this case, it is

. preferable that a length of one chord of the magnet portion

is substantially equal to an outer diameter of one coil
provided to be opposed to the magnet portion.

In reference to Fig. 3, a gap is provided between the

balance magnet 140e and the coils 180, 180a, 180b and 180c.

A magnitude STC of the gap between the balance magnet 140e and

the coils 180, 180a, 180b and 180c, is determined such that

magnetic force of the balance magnet 140e can effect influence
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In reference to Fig. 3, a gap is provided between the balance nagnet 140e

and the coils 180, 180a, 180b and 180c. A magnitude STC of the gap between
t he bal ance nmagnet 140e and the coils 180, 180a, 180b and 180c, is

determ ned such that nmagnetic force of the balance nagnet 140e can effect

i nfluence 27 on the coils 180, 180a, 180b and 180c when the coils 180,

180a, 180b and 180c are conducted. Wen the coils 180, 180a, 180b and 180c
are not conducted, the magnetic force of the balance nmagnet 140e does not

ef fect i nghyanceoen st heo Caigos 188048001 sbB0maRd HkBe: 15They balgpce magnet
140e is fixed to a face of the bal ance ring 140b on the side of the main

pl at e by r h state in which one face of the bal ance
magnet 148§B|i83‘111 gogég% gf%tégggﬁ?gg? with aring-like rimportion of the

bal ance wheel ‘%ﬁgbt ﬁtedef ?% ?&S ngoth 158 %t I $gQRPASEH 1ggoghea]f_gc% q:f t he

main plate 10270n | ead " wire I's prOV|é%d to
connect one of the cojl st _coil | C642. A
second | BepafrFedtgnd @%P&Fl&eéomec%ﬁ%&% bghaheg hranet ordfhees | hoc
and a second coil ter of IC6 2. Further, althou Fi t he

t hi ckness™QFf ‘Fﬁtecﬁajr&g WERGE 1298 cERS Hi ks dm 1r82)(ﬂ gggcﬂ%r @5’% 31%08 bal ance
wth hairspring) is illustrated, to gégpgerate the thickness is, for

exanpl e, BhoXElIANGe megset ALRSr1F Re? HAShEE thadietane®e ingor

exanpl e, an outer dianeter thereof is about
140b on the side of the main plate by adhering or the like in

a state in which one face of the balance magnet 140e is brought

. into contact with a ring-1like rim portion of the balance wheel
140b and other face thereof is opposed to the face of the main
plate 102 on the front side.

A first lead wire 182 is provided to connect one terminal
of the coil 180 and a first coil terminal of IC642. A second
lead wire 184 is provided to connect one terminal of the coil
180c and a second coil terminal of IC642.

Further, although in Fig. 3, the thickness of the
hairspring 140c (thickness in radius direction of balance with

‘ hairspring) is illustrated to exaggerate, the thickness is,
for example, 0.021 millimeter. According to the balance
magnet 140e, for example, an outer diaméter thereof is about
9 millimeters, an inner diameter thereof is about 7
millimeters, a thickness thereof is about 1 millimeter and a
magnetic flux density thereof is about 0.02 tesla. A turn
number of each of the coils 180, 180a, 180b and 180c is, for

example, 8 turns and the coil wire diameter is about 25
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9 mllinmeters, an inner dianeter thereof is about 7 mllineters, a

t hi ckness thereof is about 1 miIlinmeter and a nagnetic flux density

t hereof is about 0.02 tesla. A turn nunber of each of the coils 180, 180a,
180b and 180c is, for exanple, 8 turns and the coil wire diameter is about
25 28 mcroneters. The gap STC between the bal ance nagnet 140e and the
coils 180, 180a, 180b and 180c is, for exanple, about 0.4 mllineter. (6)
Constitution and operation of I C Next, an explanation will be given of

constitut n9Brandte@Rer athOyagf sirE 6 t 786n BN 3R 16Rlcd InABRLECE4 66 G4l Ng O
the invention. In reference to Fig. 5 a crystal oscillator 210

const it Ut 8aeaBo 036114l 11504608 haa #A4 Gl ! £he LAMBLENTanbhf® 4 0642
includes a dividing circuit 214, a corrected pul se ohpafing clrcult 216,
a meveforgggggggggkng circuit 332, an eIectronagnetlc br ake operating
circuit 34 rectlfylng circuit 342. The dividing circuit 214 inputs

an out put signal 65FHEH ﬂt? nogﬁa!gﬁgkggléﬁ o ¥ tal oscillator 210,

di vides the SI puts a si resp ct to time. The
wavef orm correciin CIFCUIt 33 corre s,a wavef or detected si gna
out put t ed fromf\]e gte %é?%ﬁ&??ﬁ) %+hg chygﬁt%g1 %EF% circuit
216 CO”parSEr%tlghVE gﬁjcﬁg%%e %%E%%%E%%lfE?HELQSCQ'Xégé? 1§&r€g|5ﬂ314 and

invention.
In reference to Fig. 5, a crystal oscillator 210
‘ constitutes an oscillation source of a circuit for counting
time. IC642 includes a dividing circuit 214, a corrected pulse
comparing circuit 216, a waveform correcting circuit 332, an
electromagnetic brake operating circuit 340 and a rectifying
circuit 342.

The dividing circuit 214 inputs an output signal
outputted by oscillating the crystal oscillator 210, divides
the signal and outputs a signal with respect to time. The
waveform correcting circuit 332 corrects a waveform of a

" detected signal outputted from a rate detecting unit.

The corrected pulse comparing circuit 216 compares a
divided signal outputted from the dividing circuit 214 and a
detected signal outputted from the waveform correcting
circuit 332.

The electromagnetic brake operating circuit 340
conducts the coils 180, 180a, 180b and 180c in response to an

operational timing signal outputted from the waveform
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detected signal outputted fromthe waveformcorrecting circuit 332. The

el ectromagnetic brake operating circuit 340 conducts the coils 180, 180a,
180b and 180c in response to an operational timng signal outputted from
the waveform 29 correcting circuit 332 based on a signal outputted fromthe
corrected pul se conmparing circuit 216. By conducting the coils 180, 180a,
180b and 180c, inductive current is generated by a change in magnetic fl ux
of the bal ance magnet 140e. By the inductive current, force for

restraini sgrretaihgnal rcidvedBAt bated hen hal sigea Wddr sl tsPridgn e i s
operated on the balance with hairspring 140. Further, by the operation,

the sw ngoapgbeedf plih@eb@oaaa-iMd e hadisPra ng, 148yCapnbe tadicathe by
exerting brake force to the balance with hairspring 140 for reéstraining

rotation gh;jhe dpl apes &8 hald ?L@bj:';‘girgcﬂg:tﬂ'@cﬁ??cteinftyiﬁ%égi]éxcdﬂéd 342 is

provided for rectifying the inductive current generated by angi ng the

h
magneti %{/U%j Pnd D18 PHANLE SR %%Oﬁhie”béléﬁééemé’%n%g pod 1 Nt he |

coils 18 80a, an n electricity storin er, t

S
condenser tﬁ?ﬁﬁdﬂ@éjﬁ%’t Eﬁr?‘epﬁmer%éxgﬁéc.%ofrorrggg%%%ﬁ{ﬁggI %At?aéti 1Nt

rectified e rec yi'ng cirdéui i's conduc t he ondenser 352

and electric _ene nerated by the.inducti.ve rrent i s storedt.to the

condencer st eRE Hr BRRCPEL SR I npo P e LAY Poerd cBRCIE e
balance with hairspring 140. Further, by the operation, the

a

swing angle of the balance with hairspring 140 can be reduced
' by exerting brake force to the balance with hairspring 140 for
restraining rotation of the balance with hairspring 140.

The rectifying circuit 342 is provided for rectifying
the inductive current generated by changing the magnetic flux
of the balance magnet l40e.in a state of conducting the coils
180, 180a, 180b and 180c.

An electricity storing member, that is, a condenser 352
constitutes a power source for operating IC642. Current
rectified by the rectifying circuit 342 is conducted to the

. condenser 352 and electric energy generated by the inductive
current is stored to the condenser 352.

According to the invention, the electricity storing
member may be a chargeable sécondary battery or may be a
chargeable condenser. Further, according to the invention,
the rectifying circuit 342 may be built in IC642 as illustrated
or may be constituted separately from IC642 by using an

external element.
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menber may be a chargeabl e secondary battery or may be a chargeable
condenser. Further, according to the invention, the rectifying circuit 342
mey be built in 1C642 as illustrated or may be constituted separately from
| C642 by using an external elenent. 30 Wien an external elenment is used,

it is preferable that the rectifying circuit 342 is fabricated by using a
Schottky barrier diode (SBD). The reason is that operational speed of a
Schottky barrier diode is faster than a PN coupl e di ode and forward

direction vol t agBehSah ¥t MHLD dlemepl MMdad, ieski bykpgrhByevaliage.
According to the invention, it is preferable to fabricate 1C642 by using

"SA techpglog¥et i c E fier VS LEcon 1 sulkator ™.
wnen the 881 PF oSkl ogy TS Led.. alectTostate Plpae tAnte GG Y

transi stop,ca8 heqt squchthy PeRaLi p0aL o sReed Lheraal can, Dg (accel ef at ed
¢ AR PRRFREAPRATLSPTER

and current consunpfion can be reduced: oar t he

"SO tech " be . obtai ned.f f , _Komat sy, troni

rocal undBr S RRRER QPR eGP R EEY A AR E BDRBRC A Uper | on of
te detegti i £, Next L anat i1l be. gi f tityti d
oper at 1 on<Bf VERE (ARG Bt TR CaRe BT Y metRAnRCar  PPRCBRBCS Ak cor i ng

to the I nyen aggingei%w bglgggg(ence to Fig. 1, Fig. 2, Fig. 3 and Fig.

According to the invention, it is preferable to
fabricate 1IC642 by using "SOI technology". The "SOT
. technology" refers to "silicon on insulator". When the "SOI
technology" is wused, electrostatic capacitance of a
transistor can be reduced, operational speed thereof can be
accelerated and current consumption can be reduced.

A board fabricated by using the "SOI technology" can be
obtained from, for example, Komatsu electronic metal under
commercial name of "SIMOX".

(7) Constitution and operation of rate detecting unit

Next, an explanation will be given of constitution and

. operation of the rate detecting unit of the mechanical
timepiece according to the invention.

Next, in reference to Fig. 1, Fig. 2, Fig. 3 and Fig.
7, a train wheel 224 is rotated with a mainspring 222 as a power
source. It is constituted that by rotation of the train wheel
224, a minute hand 226 displays "minute" and an hour hand 228
displays "hour". The minute hand 226 is fixed to the center

wheel & pinion 124. The center wheel & pinion 124 1is
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7, a train wheel 224 is rotated with a mainspring 222 as a power source.
It is constituted that by rotation of the train wheel 224, a m nute hand
226 di splays "m nute" and an hour hand 228 displays "hour". The m nute
hand 226 is fixed to the center wheel & pinion 124. The center wheel &
pinion 124 is 31 constituted to nake one rotation in one hour. By rotation
of~ the train wheel 224, the escape wheel & pinion 130 is rotated. The
pall et fork 142 controls rotation of the escape wheel & pinion 130 based

on oper at iconsefi tiftedabanglee Wiid radiatiph g oddthok paBletot ot kofled£ct i ng
pi ezoel ectric elenent 336 is fixed to the first bank pin 102d of the main

pl ate 102tnelThesehaftteel R24natheted e ROk ip 0N dfdd 0l 85 £ONBtequUted to
be brought into contact with the pallet fork detecting plezoelectrlc

el ement 336 phiaedl @%&ﬁnma&ow@kemstP@tgéhbﬁt £fOhk £0dapordnom 142d is
brought into contact with the pallet fork detecting piezoelectric el ement

336, the k C t £5, Vol tage
(refer %ak”i)%h ;LglE—l baQ%;i &éfhd;%pﬁ'ﬁ@?fogfkhge]togggﬁg %?g’tgoe ec %I’I ¢ %l enent
336 cons |butes the rate detecting unit 330 for detecting a rotational
operation state of the train wheel. Further, it 0 is constituted that when

the pallet foricr g art lond . s vl Jdio contadqhih e pel ot
fixed to the first bank pin 102d of the main plate 102.
Therefore, the pallet fork rod portion 1424 is constituted to
. be Dbrought into contact with the pallet fork detecting
piezoelectric element 336. At an instance at which the pallet
fork rod portion 142d is brought into contact with the pallet
fork detecting piezoelectric element 336, the pallet fork
detecting piezoelectric element 336 generates voltage (refer
to (4) of Fig. 8).
The pallet fork detecting piezoelectric element 336
constitutes the rate detecting unit 330 for detecting a
rotational operation state of the train wheel. Further, it
‘ is constituted that when the pallet fork rod portion 1424 is
brought into contact with the pallet fork detecting
piezoelectric element 336, a detected signal is inputted to
IC642. The balance with hairspring 140 is oscillated at 3
Hertz and accordingly, the rate detecting unit 330 outputs the
detected signal at 3 Hertz.
The waveform correcting circuit 332 is constituted to

input a detected signal outputted from the pallet fork
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| C642. The bal ance with hairspring 140 is oscillated at 3 Hertz and
accordingly, the rate detecting unit 330 outputs the detected signal at 3
Hertz. The waveformcorrecting circuit 332 is constituted to input a
detected signal outputted fromthe pallet fork 32 detecting piezoelectric
el ement 336. In reference to Fig. 3, the corrected pul se conparing circuit
216 is constituted to conpare a period of (1/3) second neasured by the
escapenent & speed control apparatus (refer to (1) of Fig. 6) and a period

of (1/3) geecendingapieedebyctehd2e]lbmeher 38g.(2) of Fig. 6). The rate
detecting unit 330 outputs to 1C642, the detected signal of the period of

(1/3) second ma@ﬁ“f@ﬁe?¥n&@eto B85 aPeeite &eéﬂe@&&ﬁgﬂl@ ity
i ncl udi ng the escape wheel & pinion 130, the pall et rk 142 and the

bal ance wpth.,haigs “gﬁe flé{élp ga dgweea@% Raldstod 8&k(iP§’1 R 142d

into contact wmth t tecting ptezoelectric ement 336.

L42d and %%%%F&?ﬂ Eﬁé e fﬁ%ré’éoplé%%?e Rl e e "
e onsb O ST R LR 007 ARSI i
power gen?gg%ggntgoQEs UHIt o%)the

The rate detecting unit 330 outputs to IC642, the
detected signal of the period of (1/3) second measured by the

. escapement & speed control apparatus including the escape
wheel & pinion 130, the pallet fork 142 and the balance with
hairspring 140 by bringing the pallet fork rod portion 1424
into contact with the pallet fork detecting piezoelectric
element 336.

That is, the rate detecting unit 330 includes the pallet
fork rod portion 142d and the pallet fork detecting
piezoelectric element 336.

(8) Operation and constitution of Dbalance power

‘ generation control unit

Next, an explanation will be given of constitution and
operation of the balancé power generation control unit of the
mechanical timepiece according to the invention.

Further, in reference to Fig. 1, Fig. 2, Fig. 3 and Fig.
9, the dividing circuit 214 is constituted to divide an output
signal of 32768 Hertz outputted by oscillating the crystal

oscillator 210 and output a divided signal having a period of
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mechani cal tinmepiece according to the invention. Further, in reference to
Fig. 1, Fig. 2, Fig. 3 and Fig. 9, the dividing circuit 214 is constituted
to divide an output signal of 32768 Hertz outputted by oscillating the
crystal oscillator 210 and out put a divided signal having a period of 33
(1/3) second to the corrected pulse conparing circuit 216. The corrected
pul se conparing circuit 216 is constituted to conpare the detected signa
having the period of (1/3) second neasured by the escapenent & speed

control  appanakusohieter the cbyrrektkdadpullkeatdmpae itigvicdedusitgnale, havi ng
the period of (1/3) second outputted by the dividing circuit 214 in |1C642

(refer to (2) ofmBl 9.crédtbFouph1de didd@ianeR t herpbgeiveeni(refar to (3)

of Fig. 6) . The difference is a tine period to be corrected by adjusting

the ratepfothe ieaheni calpdl Uunieeh ol e Siakent bl nfuhdgfor thie

el ectromagneti c bra p Ing circult ucts t corl’s

compar i ng e edn - SRR eaRHR0a (g e S RETE 1 S 60t BHE 180c.
e bol ence AR SRLl g 1AL | S opohl et vl A BB [0 e
Lhe ouing; anale ohthe behatse Al MELLSRring, 280 hocelolgy dndhe
circuit 2%:9’1‘&1?.?: 214 in IC642 (refer to (2) of Fig. 6) and count a
difference therebetween (refer to (3) of Fig. 6). The
‘ difference is a time period to be corrected by adjusting the
rate in the mechanical timepiece of the invention.

Further, the electromagnetic brake operating circuit
340 conducts the coils 180, 180a, 180b and 180c based on the
signal outputted from the corrected pulse comparing circuit
216. By conducting the coils 180, 180a, 180b and 180c, the
balance with héirspring 140 is exerted with brake force for
restraining rotation of the balance with hairspring 140 to
thereby reduce the swing angle of the balance with hairspring

® ..

Therefore, in the balance power generation control
unit, the corrected pulse comparing circuit 216, the
electromagnetic brake operating circuit 340, the balance
magnet 140e and the coils 180, 180a, 180b and 180c constitute
portions for controlling operation of the balance with

hairspring 140. Further, the balance power generation control

unit is constituted, for example, to normally control
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el ectromagneti c brake operating circuit 340, the balance nagnet 140e and
the coils 180, 180a, 180b and 180c constitute portions for controlling
operation of the balance with hairspring 140. Further, the bal ance power
generation control wunit is constituted, for exanple, to normally control
34 operation of the balance with hairspring 140. By constituting in this
wdy, the rate of the nechanical tinepiece can be adjusted to correspond to
the difference shown by (3) of Fig. 6. That is, in reference to Fig. 5 and

Fig. 7, wegrrediioaClof ahd iRddLtwiftd hdis-atietd ey bringing the pallet
fork rod portion 142d into contact with the pallet fork detecting

pi ezoel ectric eponBBhs836utihg WauefiQy Fy‘g?‘?rﬁﬁétf% e EH-letmegt?%l%Q% ts the

detected signal outputted fromthe pal fork detecting plezoe ric

el enent 3 i COK & LAg.Ci reul i nput he. det ect ed
si gnal co%ﬁpg %§%fﬁgﬁgéﬁ%e?aéogtégeggcf?%gggﬁgﬁg q%bun‘%ﬁglgﬁ%$??c§hapes

t he wavef gim an tQu .corrected signal as shown by (5) of Fig. 8. The
di vi di ng %%rCU|?wg¥ggoE?p%P?'tﬁ§ di vi ded signal as shown by (2) of Fig. 6

Lo e, cortect el 55, SOTUREULE! [oully 2L0aplisly bhe poricleg pul e
(173) second QYA e LI0M LG Mave] oL LEPnEesL! g, ¢lngyit 332 (refer to
portion 142d into contact with the pallet fork detecting
piezoelectric element 336, the waveform correcting circuit
. 332 inputs the detected signal outputted from the pallet fork
detecting piezoelectric element 336.

The waveform correcting circuit 332 inputs the detected
signal counted by the pallet fork detecting signal counting
unit, shapes the waveform and outputs a corrected signal as
shown by (5) of Fig. 8. The dividing circuit 214 outputs the
divided signal as shown by (2) of Fig. 6 to the corrected pulse
comparing circuit 216.

Next, the corrected pulse comparing circuit 216

. compares the output signal having the period of (1/3) second
outputted from the waveform correcting circuit 332 (refer to
(1) of Fig. 6) and the divided signal having the period of (1/3)
second outputted from the dividing circuit 214 (refer to (2)
of Fig. 6) and counts the difference (refer to (3) of Fig. 6).

Here, by inputting the signal of (5) of Fig. 8 by the

corrected pulse comparing circuit 216, a timing of bringing

the pallet fork rod portion 142d into contact with the'pallet
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(1) of Fig. 6) and the divided signal having the period of (1/3) second
outputted fromthe dividing circuit 214 (refer to (2) of Fig. 6) and
counts the difference (refer to (3) of Fig. 6) . Here, by inputting the
signal of (5) of Fig. 8 by the corrected pulse conparing circuit 216, a
timng of bringing the pallet fork rod portion 142d into contact with the
pal l et 35 fork detecting piezoelectric el ement 336 is known and
accordingly, a timng of stopping the pallet fork 142 is known. Therefore,

from such farlidi mhageet i650PPL 88obhecpal betefTaidntl4236 I Qkat kABRh dikgction
of rotating the balance with hairspring 140 and a tinmng of the center of

the rotat bepakaasgih/, aalt%lr@o‘ff&otgﬁmfgcghwﬂl@d E8Pkl 1 340580 be

detected. The corrected pul se conparing circuit 216 determ nes whet her the

rate of thebiFRRiecey (gﬁ%}g o bhetAgTod Beop §5§9 t0L g dd BERKeERy ) 05es by

conpari ng the perlod 0 measur e escapenen Speed

cont r ol eeﬁggagaaangﬁgsgégsrafdrogi dHD) mepgnd eagured, by, | oAz, The

hai rspring ¢ 1's elonga and c I f|us 0

h 40 d th t e of .rotat f he

v e e R A PRI il a0 IR AL LU e
t he bal Q t at t | ockwi se direction, the
ot nGELbE PalBRRE My FERE 106 S0 ST Sea s CEGER of the

bal ance with hairspring 140,_. in_contrast thereto en t he_bal ance with
hai rspring 140 The ngg ggt@ﬁ gw&se comparing c1rcd¥% 216 determines

whether the rate of the timepiece gains or whether the rate

. of the timepiece loses by comparing the period of (1/3) second
measured by the escapement & speed control apparatus and the
period of (1/3) second measured by IC642.

The hairspring 140c is elongated and contracted in the
radius direction of the hairspring 140c in accordance with
rotational angle of rotating the balance with.hairspring 140.
For example, in a state shown by Fig. 2, when the balance with
hairspring 140 is rotated in the clockwise direction, the
hairspring 140c¢ is contracted in the direction toward centér

‘ of the balance with hairspring 140, in contrast thereto, when
the balance with hairspring 140 is rotated in the
counterclockwise direction, the hairspring 140c is expanded
in the direction remote from the center of the balance with
hairspring 140.

Here, as described above, the balance power generation
control unit 350 of the mechanical timepiece according to the

invention 1s constituted to change the period of the
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countercl ockwi se direction, the hairspring 140c is expanded in the
direction renote fromthe center of the balance with hairspring 140. Here,
as descri bed above, the bal ance power generation control unit 350 of the
mechani cal tinepiece according to the invention is constituted to change
the period of the 36 rotational oscillation of the balance with hairspring
by controlling the rotation of the balance with hairspring 140 by
applying the "Airy's theorenf. The control of the rotation of the bal ance

Wi th hai ¢8PEENENEF0 JEA 1DRGRH | 6 BHE ¥a13rddd™By PO Nhadpapl-ifhgomy t he
center of the rotational oscillation of the balance with hairspring 140 at

a certal NebhfPopes hRdtAYCE oPafPBR! AALLAL a1 dilE WA Hat BN, Fars] ed out

over a constant tine peri od 1 ncludi ng the center o rotationa

oscillatigp 8%??2?“82? ggg§i@%?gtﬁﬁgg§gﬁhng 140. That is, the bal ance power

generation co e nechani cal timepiece according to the

invention is cgpstituted 1o hra the rotation of the balance w.t

hai rspring 140 ata T9%HFH prolt}'orléﬁs c%%tsqiﬂ(meotfﬁetggnt]%gi%?cet P(‘E"tq‘
rotation oscillation of the balance with hairspring 140 (timng of t1 of
(5) of Fia.bf"léfpﬁh’éﬂ ?ﬁg ’P%Ygo%fca\rﬁeler‘?eé’ﬁé'm%aﬁ Cim e aRa%s . F59% t her,

t he bal ance power generation cqntrol unit_350Q0 of the nechanical tinepiece
accor di ngth8 FfReteY Riedthieorotatdonedi PacddlasiprakE e hakanrgewidh t he

bal ance '
hairspring 140 at a certain time period over a constant time

interval or may be carried out over a constant time period
'. including the center of the rotational oscillation of the
balance with hairspring 140.

That is, the balance power generation control unit 350
of the mechanical timepiece according to the invention is
constituted to brake the rotation of the balance with
hairspring 140 at a timing prior to constitute the center of
the rotational oscillation of the balance with hairspring 140
(timing of tl of (5) of Fig. 8) when the rate of the mechanical
timepiece gains. Further, the balance power generation

. control unit 350 of the mechanical timepiece according to the
invention is constituted to brake the rotation of the balance
with hairspring 140 at a timing which has passed through the
center of the rotational oscillation of the balance with
hairspring 140 (timing of t2 of (5) of Fig. 8) when the rate
of the mechanical timepiece loses.

That is, the timing of conducting the coils 180, 180a,

180b and 180c¢ by operating the electromagnetic brake operating
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with hairspring 140 at a timng which has passed through the center of the
rotational oscillation of the balance wwth hairspring 140 (timng of t2 of
(5) of Fig. 8 when the rate of the mechanical tinepiece |oses. That is,
the timng of conducting the coils 180, 180a, 180b and 180c by operating
the el ectromagnetic brake operating 37 circuit 340, is determned in
response to a signal outputted fromthe waveformcorrecting circuit 332.
Further, a duration tinme period of conducting the coils 180, 180a, 180b

and 180Cc chy-coRer 310N0gik e ClARLAQIBGNldsp INRK@ c0RCE BEHAY ShtSHEted40, 1S
determ ned based on a signal outputted fromthe corrected pulse conparing

circuit 2E6,,Bynd Rt EHE}:QEtiBQec:'erE i gaéqf ﬁd}%r@,agccﬁ%_ﬁéeéirfrbe% hani cal

hai rspring 140 can be controlled acCurately and the rate o

Limepi ece ol Be-adhust (lbAstUl A& the AEAAILINAY ! 2obS TBEBAMGA]gdd MEPI eCe

of the inventi when the rate e nmechani ¢al trheprece gains, at the

. . ; % of . | et ‘
the bl ancy SpeTeFERY cild'kEelEofRBRBE 1 Pe SBREr Y PBELL AN, oii s
180, 180a, 180 d 1 duct ed d.th tigc fl f th

bal ance ﬁgang%Qﬁﬁﬁéngggéﬁgégﬁ%?Eh%ﬁg@a&ﬁgu{ﬁgggsﬁfggﬁgbﬁhag%%ff%_ and
180c. As a result. the period . of Ege rotational oscillation of the balance
with hai r BBtPRgCOPRGIALY, E4EEBA th¥ 18peration of the bal ance magnet 140e and

the coils 180, 180a, 180b and 180c. )
By the constitution, the rotation of the balance with

hairspring 140 can be controlled accurately and the rate of
. the mechanical timepiece can be adjusted accurately.

According to the mechanical timepiece of the invention,
when the rate of the mechanical timepiece gains, at the timing
prior to constitute the center of the rotational oscillation
of the balance with hairspring 140 (timing of tl of (5) of Fig.
8), the coils 180, 180a, 180b and 180c¢c are conducted and the
magnetic flux of the balance magnet 140e effects influence on
the coils 180, 180a, 180b and 180c. As a result, the period
of the rotational oscillation of the balance with hairspring

. 140 is reduced by operation of the balance magnet 140e and the
coils 180, 180a, 180b and 180c.

Further, according to the mechanical timepiece of the
invention, when the rate of the mechanical timepiece loses,
at the timing which has passed through the center of the
rotational oscillation of the balance with hairspring 140
(timing of t2 of (5) of Fig. 8), the coils 180, 180a, 180b and

180c are conducted and the magnetic flux of the balance magnet
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Further, according to the nmechanical tinmepiece of the invention, when the
rate of the nechanical tinmepiece |oses, at the timng which has passed
through the center of the rotational oscillation of the balance with

hai rspring 140 (timng of t2 of (5) of Fig. 8), the coils 180, 180a, 180b
and 180c are conducted and the magnetic flux of the bal ance magnet 38 140e
effects influence on the coils 180, 180a, 180b and 180c. As a result, the
period of the rotational oscillation of the balance with hairspring 140

I ncreases1bye0pefatt ONi i1 ddice bal aneecsrmhalscl4agoandisbs £ 1080, 1804,
180b and 180c. According to the nmechanical tinmepiece of the invention

 and 180c. A he mec ece of the |nvention
constitut gd 4 n-ddii Bt Wehe o8 iRRS b@dr RE w%}wﬁﬁéw&@él ?éegi_éﬁséft%eo e

bal ance with hairspring 140 can efficient e contro h'regard to

a val ue oﬁaigﬂgﬁoﬁaiggsgﬁtm%%g Pefd Othe:laddl® KOt BELROBLoRSGH |ld on Of

the bal ance W't ring based on a resu eterm nation of the
cort cteShyhaee SOIRAE! Mol 48 dnd o LT A, B Q4R ol o
(L epLece and, scebangs L0 GeupenRtcal LIGEoLak 9Pk SpELSLLD of
change, e TRARSYCLL | s of e Bl ance Tognet 140c by sonducting the
circuit 2olgé:illation of the balance with hairspring 140 can efficiently
be controlled.
. With regard to a value of time of adjusting the period
of the rotational oscillation of the balance with hairspring
140 based on a result of determination of the corrected pulse
comparing circuit 216, there may be previously calculated by
experiment, a relationship between the rate of the mechanical
timepiece and the change in the period of the rotational
oscillation of the balance with hairspring 140 by the
inductive current generated by the change in the magnetic flux
of the balance magnet 140e by conducting the coils 180, 180a,
. 180b and 180c and stored to the corrected pulse comparing
circuit 216.
As has been explained above, by using the invention, the
rate of the mechanical timepiece can be adjusted with high
accuracy. |
Further, according to the mechanical timepiece of the

invention, the coilgs 180, 180a, 180b and 180c are conducted,

for example, in the constant time interval including the
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As has been expl ai ned above, by using the invention, the rate of the
mechani cal tinmepiece can be adjusted with high accuracy. Further,
according to the nechanical tinepiece of the invention, the coils 180,
180a, 180b and 180c are conducted, for exanple, in the constant tine
interval including the 39 center of the rotational oscillation of the
bal ance with hairspring 140. In the state of conducting the coils 180,
180a, 180b and 180c, the magnetic flux of the bal ance magnet 140e is

changed byehberr offatimaloeseibhal i oBcafl 1bke ohalANcene Wobh shdkr sBrdHY 140.
As a result, the inductive current is generated in the coils 180, 180a,

180b and 480¢spFhegoener at ed chBdWehi¥e ofULLeRl it nketd iced 1hy 1tdie
rectifying circuit 342 and is stored to the electricity storing nmenber,

that is, {Bg,, COBGSNSR] 13, FAGM fhOREc:1ENeI GANGENSEL 1ot fADSIJHdes the
2. T g d¥ I

power source of operating |C642. constant trnme period inc ng the
center of 1408, . UatleslopSFL Lathenonta  dechel gosso i it 190, 11
conet 1 tur B6ER B RRE i arpdn T I TR e AP R ke i) of
e owi no,2ngl e LEam Lhe S Shoct, e Sahliatiapel fhe pelanceitn
m nus 120irqggcr:gf\sfeOgulgpgntsvgsn%e%rtl. If?.efo'lr g{;n H;ee rceecnéiefryiolflg tchiercuit 342
and is stored to the electricity storing member, that is, the
. condenser 352. Therefore, the condenser 352 constitutes the
power source of operating IC642.
The "constant time period including the center of the
rotational oscillation of the balance with hairspring 140" can
be set, for example, between a time interval in correspondence
with a range of plus and minus 30 degrees (when rotation in
the right direction constitutes plus and rotation in the left
direction constitutes minus) of the swing angle from the
center of the oscillation of the balance with hairspring and
‘ a time interval in correspondence with a range of plus and
minus 120 degrees of the swing angle from the center of the
oscillation of the balance with hailrspring.
According to the mechanical timepiece of the invention
constituted in this way, in the constant time interval
including the center of the rotational oscillation of the

balance with hairspring 140, the period of the rotational

oscillation of the balance with hairspring 140 can efficiently
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oscillation of the balance with hairspring. According to the nmechanica

ti mepi ece of the invention constituted in this way, in the constant tine
interval including the center of the rotational oscillation of the

bal ance with hairspring 140, the period of the rotational oscillation of

t he bal ance with hairspring 140 can efficiently 40 be controlled by

adj usting a power generation anount of the inductive current generated at
the coils 180, 180a, 180b and 180c. (9) Constitution of circuit of

mechani cabet EBRBL8EEEf byt §8 118V ARG Qn%&»@f h@éne AEEDLESI SMolox tde trrehani cal
timepi ece of the invention, circuits for carrying out various functions

may be cgﬂam:w;,sdcwré&ogeﬁ&mdtbfce% L:Siilg,ch%i, ngsﬁé?@im 41

carrying out various operations. Fur r, according to t ani ca
ti mepi ece the invention, there can be used external elements such as
resi stor, “condenser, coil, diode, transistor and the like along with ICif

necessary. (10) i ,Aan.expl.anation wll b iven, of o
enbodi nent of {quﬁg%%gﬁﬁ%gfé%fﬁ@ﬁ?&b@lo O%h%efn%%ﬁ ?§n€l$%ﬁl%&% e,

according .o the ¢hanical tinmepiece of the invention, nmainspring torque
of the nth?p%PXSH?§oget to 60g-cm The nmechani cal tinepiece is

i -cmin_the mainspring to e is used for_power
;22; ;?} gﬁ SUChF&?%eég accordg_ng to t[jhg me an:{cga timepiece of pthe

invention, circuits for carrying out various functions may be
constituted in IC or IC may be PLA-IC including programs for
' carrying out various operations. Further, according to the
mechanical timepiece of the invention, there can be used
external elements such as resistor, condenser, coil, diode,
transistor and the like along with IC if necessary.
(10) Embodiment
Next, an explanation will be given of one embodiment of
the mechanical timepiece of the invention.
For example, according to the mechanical timepiece of
the invention, mainspring torque of the mainspring is set to
. 60g:cm. The mechanical timepiece is fabricated such that 5g-cm
in the mainspring torque is used for power generation.
According to the mechanical timepiece of the invention,
a reduction ratio of gears from the barrel complete containing
the mainspring to the escape wheel & pinion is 1/5040.
According to the mechanical timepiece of the invention,
synthesized efficiency of the train wheel and the escapement

is 30 %. According to the mechanical timepiece of the
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According to the nechanical tinmepiece of the invention, a reduction ratio
of gears fromthe barrel conplete containing the mainspring to the escape
wheel & pinion is 1/5040. According to the nechanical tinepiece of the
invention, synthesized efficiency of the train wheel and the escapenent
is 30 % According to the mechanical tinepiece of the 41 invention, the
radius r of the bal ance wheel of the balance wth hairspring is 0.42 cm
the width of the bal ance magnet is 0. 04 cmand the distance between the

bal ance nagehtand,t e eqbligsi 8, of OfheXeaPhtce Ovlide To £ ACKOIBHThd® t he
mechani cal tinepiece of the invention, the torque of the balance wheel is

as foll O\A@lthTﬁééééB%%éolé 8. 28xdf; 4t]58fﬁﬂ31tﬂr@ff19{&%a9faﬂcf@ Bt ring
portion of the bal ance is as follows. F=T/r =(2 .98XI O /0. 42

Lof et 1674 9P addl g{%& dl;({tanc%%%céw%)enxtﬁg 1R mLagllnet End2el0-6 [N

The dlstance 0 novi ng ance nagnet by transmitti the torque to
t he bal ance. Bgnet E% og§a5§§%nd foll ows when the rotatlonal angl e
of the baFance wth™“fa ing Pfo ért of inpact to the first stop is

set to 40 degggggrdlﬂgxé %/h?éGIQI &Ba anlca 1t:l.me 1rgce of the invention,

the torque of the balance wheel is as follows.
T=(5/5040)x0.3=2.98x10"* [gf-cm]
The force of the outer ring portion of the balance wheel
. is as follows.
F=T/r =(2.98x10" *)/0.42 [gf-cm/mm]
=7.09x107* [gf]
=(7.09x107)Xx(9.8x107%) [N]
=6.95x107% [N]

The distance of moving the balance magnet by
transmitting the torque to the balance magnet in one second
is as follows when the rotational angle of the balance with
hairspring from start of impact to the first stop is set to

‘ 40 degrees.

27rX (40/360)X6=1.76x107? [m]

The energy AE generated in the coil in one second is as
follows.

AE =6.95x1072x1.76X107% [N'm/S]

=1.22x10"7 [J/S]
=0.12 [uwW]

Further, the power necessary for driving the quartz unit
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The energy DE generated in the coil in one second is as follows. DE

=6. 95x10-2x1 .76x10-2 [NmMS] =1.22x10-7 [J/S] =0.12 [W Further, the power
necessary for driving the quartz unit 42 and I1Cin one second is as foll ows
in1Cincluding the dividing unit when the board fabricated by the SO
technology is used. 0.06[A]x1.5[V]= 0.09[W Therefore, the power necessary
for driving the quartz wunit and ICin one second is 0. 09 [W , the energy
AE generated in the coil in one second is 0. 12 [W and accordingly, it

has beenag@nfd rimeené edcdlie 18MROHIEBMHwLE nt e 1PRARANINGAEnE | IRP £

according to the invention is operated firmy. According to the enpodi nent

of the neghapi GRén tHHENRES fQErEBStEQV@WHr@%so% §Esﬂhﬁﬁﬁ§%£‘f§'i1}séd€. not

used. Further, according to the enbodinent of the necha t1mepl ece of
bar i er di ode,  8: 350 1a" REekedST 8 WHE Tectitier Jand 10 5 (VI is needed
the coi . An exSiSTEEaeusthE TREBGITERatTEY yioh CARYIRG idid O < a5
R Phes BRTEE rPIRYAS sbeBRa ™0 Y 06 Bt ¥ LS LS e geR L I
in the coil in one second is 0.12 [puW] and accordingly, it has
been confirmed that the embodiment of the mechanical timepiece
according to the invention is operated firmly.
‘ Accordiné to the embodiment of the mechanical timepiece
of the invention, a step-up circuit is not used. Further,
according to the embodiment of the mechanical timepiece of the
invention, when the rectifier is constituted by using a
Schottky barrier diode, 0.2 [V] is needed for the rectifier
and 1.5 [V] is needed for IC. Therefore, 2 [V] is needed for
the maximum voltage generated in the coil.
An example of using the coil satisfying such conditions
is as follows.
" Residual magnetic flux density Br=10 [KiroGauss]
Radius of magnet R=1 [mm]
Length of magnet L=0.5 [ﬁm]
Distance between magnet and coil X=0.5 [mm]
Density of magnet p=8.5 [cm’]
Outer diameter of coil Dc2=4 [mm]

Inner diameter of coil Dcl=0.5 [mm]

Thickness of coil te=0.5 [mm]
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Length of magnet L=0.5 [nm D stance between magnet and coil X=0.5 [nmi
Density of magnet p=8.5 [cm 31 outer dianeter of coil Dc2=4 [mm inner
di-aneter of coil Dcl1=0.5 [m] Thi ckness of coil tc=0.5 [m] 43 Conduct or
di aneter of coil dcl=0.0135 [m] Finish dianmeter of coil dc2=0.0165 [ mi]
According to the enbodi nrent of the nmechanical tinepiece of the invention,
four pieces of the coils having the above-described specification are
prepared and wired in series. Further, the balance with hairspring is

fabricated by teaducAeeoadangttp bheceibodement 0085t fampechani cal
timepiece of the invention fabricated in this way, voltage generated at

the coil is abopin?sB64{ MheteFhgECEQL . 3A8COT H1HY (@Anmjhe enbodiment of the
mechani cal tinepiece of the invention, it has been confirnmed that the

condenser can bgcchAROR] o EHAULNpUSLADNA ¥ PReUROLLEHLL) diidusidd al

Applicability] nical tinmeprece of the invention 1s surta

fabricati C ical. tinmeplece Vi [Ho] ccuyr . ccordi to the
nechanica?gtﬁﬁg%igggeg Phe iﬁé@%t#%%?kgﬁegrapgﬂ%aﬁoggéur%.%%?gbéﬂgﬁjusted

by, controlbig_kDEcPPELAY afle i dOid ' 08 SIALA BT L PEaPY 2ce

series. Further, the balance with hairspring is fabricated
by iron.
According to the embodiment of the mechanical timepiece
‘ of the invention fabricated in this way, voltage generated at
the coil is about 2.36 ([V]. Therefore, according to the
embodiment of the mechanical timepiece of the invention, it
has been confirmed that the condenser can be charged without
using a step-up circuit.
[Industrial Applicability]
The mechanical timepiece of the invention is suitable
for fabricating a mechanical timepiece having high accuracy.
According to the mechanical timepiece of the invention,
. the rate can accurately be adjusted by controlling the period
of the rotational oscillation of the balance with hairspring

by using the balance magnet.
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by using the bal ance magnet. 44 Cain(s) 1. A nechanical tinepiece
characterized in a nechanical tinepiece having a novenent constituted to
iaclude a nmminspring constituting a power source of the mechani cal
timepiece, a front train wheel rotated by a rotational force in rew nding
the mai nspring and an escapenent & speed control apparatus for controlling
rotation of the front train wheel, said escapenent & speed control
apparatus including a balance wth hairspring alternately repeating right
rotation and left rotation, an eseapgmiagel & pinion rotated based on
rotation of the front train wheel and a pallet fork for controlling

rotation of thejeseaseruhaen 1S phoboBcOITRI AL AL ARCEALL Hlcift {4 bal ance

with hairspring and said balance wth hairspring Including a hairspring, a

bal ance SE?HE?EQcé (g§g§ﬁge whegloosald e 'éﬁ%%éjn@gigﬁﬁﬂgﬁ%?rising: a

crystal oscilTator onstituting an OSCI Source; (éhZ)

el udi i vl di L . . | with
e by (et EPRGPan Kttt BHvBA eeitis” 2t FRa: st st ol
oscillatogp. 21O%Cand ivigin t he ou&put sggaa%; an electricity storing
nmenber (3% SPHFCEpet ati WY ITC (B PPl PERESHPB R i TRF aini na s Sor acor

detecting, a rate(gf th(;1 : .
in rewinding the mainspring and an escapement & speed control

apparatus for controlling rotation of the front train wheel,
said escapement & speed control apparatus including a balance

. with hairspring alternately repeating right rotation and left
rotation, an escape wheel & pinion rotated based on rotation
of the front train wheel and a pallet fork for controlling
rotation of the escape wheel & pinion based on an operation
of the balance with hairspring and said balance with
hairspring including a hairspring, a balance stem and a
balance wheel, said mechanical timepiece comprising:

a crystal oscillator (210) constituting an oscillation
source;

. IC (642) including a dividing unit (214) for outputting
a signal with respect to time by inputting an output signal
outputted by oscillating the crystal oscillator (210) and
dividing the output signal;

an electricity storing member (352) for operating IC
(642);
a rate detecting unit (330) for detecting a rate of the

mechanical timepiece; and
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mechani cal tinepiece; and 45 a bal ance power generation control unit (350)
constituted to control a period of rotational oscillation of the bal ance
wi-t h hairspring (140) based on a divided signal divided by the dividing
unit (214) and an operational state signal indicating the rate detected by
the rate detecting unit (330) and generate power by the rotational
oscillation of the balance with hairspring (140). 2. The nechani cal

ti mepi ece according to Claiml1, characterized in that the balance power

generation contgol balRince( 3¥Dwdncl yelesrar beh angenrrgnet 140e) (Vi ded at
the balance with hairspring (140) and coils (180, 180a, 180b, 180c)

arranged tgnbeieapanl €oomeest INgRGReLECEOLE8o0R1 the: 1 PRA ANGE Jmgnet
(140e); wherein the coils (180, 180a, 180b, 180c) are constltute to be

capabl e ofy ggmahbé%a?%ggggﬁlﬂ& theo) * @éaom'acm 4 sgggﬁlthe

bal ance w't alrspring exertlng t e nagnetlc £

bal ance @gogaaglﬁgekhebé Fofad gt{wjfelg 1£pd Alnal dlalded,by the dviding

unit (214 opeéerat 1 ona |gnal |ng Fate et ect ed

s “"'gact&a.%%%%x 5 AP BBy o 1o
control 5% é350 i s co stlt%te h th t cupgg 8eTf3%ESg Py t he
rot at i onal>88&i 1A BIESE] ROVEAI ngto ardicrgpr PRgT ©
balance with hairspring (140).
2. The mechanical timepiece according to Claim 1,
. characterized in that the balance power generation control
unit (350) includes a balance magnet (140e) provided at the
balance with hairspring (140) and coils (180, 180a, 180b,
180c) arranged to be capable of exerting magnetic force to the
balance magnet (140e);
wherein .the coils (180, 180a, 180b, 180c) are
constituted to be capable of controlling the period of the
rotational oscillation of the balance with hairspring (140)
by exerting the magnetic force to the balance magnet (140e)
‘ based on the divided signal divided by the dividing unit (214)
and the operational state signal indicating the rate detected
by the rate detecting unit (330).
3. The mechanical timepiece according to Claim 1 or
Claim 2, characterized in that the balance power generation
control unit (350) is constituted such that current generated
by the rotational oscillation of the balance with hairspring

(140) is rectified by a rectifying circuit and is stored to
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(140) is rectified by a rectifying circuit and is stored to 46 an
electricity storing nenber (352). 4. The nechanical tinepiece according to
any one of Claim1l through daim3, characterized in that the bal ance
power generation control unit (350) is constituted such that the rotation
of the balance with hairspring (140) is braked at a timng prior to
constituting a center of the rotational oscillation of the balance with
hai rspring (140) when the rate of the mechanical tinepiece gains and is
constitutgf bdebtekeitiyhetbetiali aempbrt h@shalance with hairspring (140)
after passing through the center of the rotational oscillation of the
bal ance wi th hajr sphienehelHA@H caen it ifdlee LécdPgindreehanhGalonld MBI ece

| oses. 5. The mechanical tinmepiece according to any one of "Caim1l through

C ai m 4, @Eé%ﬁcﬁ.eEhZ%Qgh_nCtlgﬁfne%he_c@l%rrﬁct@?li‘%%?ég)gl Wl g;g%%ah es a

pall et for etecting “piezoelectric elenent provi at a bank pin
102d) fo t i rat.| f. . t:he et .f : l.et fork
((jet ec%i ngﬁgwgﬁafg%%ﬁg%?% %;nﬂ{%lgruné%u ?lgrlcl)& %sp(gé%se'g}é%%‘ﬁ&r%‘e%éc |ar;cg si gnal

outputted_fromithe.pallet, fork detecti. iezoelectrj.c, el enent (336). 6.
The nechatﬁf’%afo%?ﬁégflegg %%%ok?%fanrbc? oW%i}%J§Sp%ﬂa 4edre)i zlesdr?olr ]i at the
rectifyin% circuit is constituted Schottgx:barrier.dio e. 7.
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oscillation of the balance with hairspring (140) when the rate
of the mechanical timepiece gains and is constituted to brake

. the rotation of the balance with hairspring (140) after
passing through the center of the rotational oscillation of
the balance with hairspring (140) when the rate of the
mechanical timepiece loses.

5. The mechanical timepiece according to any one of
Claim 1 through Claim 4, characterized in that the rate
detecting unit (330} includes a pallet fork detecting
piezoelectric element (336) provided at a bank pin (102d) for
detecting operation of the pallet fork (142) and a pallet fork

' detecting signal counting unit for counting a pallet fork
detecting signal outputted from the pallet fork detecting
piezoelectric element (336).

6. The mechanical timepiece according to Claim 3,
characterized in that the rectifying circuit is constituted
by using a Schottky barrier diode.

7. The mechanical timepiece according to any one of

Claim 1 through Claim 6, characterized in that the IC is
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Caim1l1l through Caim6, characterized in that the ICis 47 constituted by
using an SO technol ogy. 8. The nechanical tinepiece according to any one
of Caiml through Caim?7, characterized in that the balance power
generation control unit (350) is constituted to generate inductive current
in the coils (180, 180a, 180b, 180c) by the rotational oscillation of the
bal ance with hairspring (140) by conducting the coils (180, 180a, 180b,
180c) in a constant tinme interval including the center of the rotational

oscillatigsnetitheebabanagingt AnhBorspethdolddd) . 0 48

8. The mechanical timepiece according to any one of
Claim 1 through Claim 7, characterized in that the balance
power generation control unit (350) is constituted to generate
inductive current in the coils (180, 180a, 180b, 180c) by the
rotational oscillation of the balance with hairspring (140)
by conducting the coils (180, 180a, 180b, 180c) in a constant
time interval including the center of the rotational

' oscillation of the balance with hairspring (140).
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