; abce3ej 0 H'6TO 19 Sf Pl ~t CONTROL MECHANI SM [ Techni cal Fi el d] S
present invention relates to a nechanical tinepiece capable of diég 5@2@%
time with high cy The invention particularly relates to a mechani cal
timepiec wm% | ance power generation control nechani sm capabl e of
controll m\ rotational oscillation of a balance with hairspring

by energy gene«aﬂed by using the rotational oscillation of the 1
hai rspring in order to adjust the rate of the tinepiece. [BaCijmmmHM"mM
I nvention] (1) Constitution of megpapg hyTepi ece According to a
conventional mechanical tinepiece) as g%g'\%n in Fig. 10 and Fig. 11"
novenent (machi ne body) 1100 of a nechanical tinmepiece is provided with a
main plate 1102 constituting a base plate of the novenent . A winding stem
1110 is rotatably integrated to a vvindin stem gui de hole 1102a of the main
plate 1102. AEFEANIGHY TIRHETH }p}%INCi i TR SENERASON s at t ached
to the novenent 1100. Cenerall in both sides of the main plate) a side
t hereof having the dial is ref%PN@BOPoM§§HAHQ§¥ side" of the 1 1 9 SEP
2D02 novenent and a side thereof opposed to the side having the dial is
referred to as "front side" of the novenent. A train wheel integrated to
the "front side" of the novenent is referred to as "front train wheel" and
a trai n whikdchmicegr Rieldlo t he "back side" of the novenent is referred to
as "back train wheel”. A position in the axis line direction of the w nding
stem 1110 i s detBrenpnedehy imwmitticin appatesuso ianweéchbanycal deimdmigdeever
1190, a yoke 1192, a yoke spring 1194 and a setting |ever junper 1196. A
wi ndi ng picamabll BE idl gplewiiced tioeawdlthy haghaagoeudacyghaft portion of the
wi ndi ng stem 1110. Wien the winding stem 1110 is rotated in the state in
whi ch the w ndi rthest emvéritiion Spersponddray aelliates wodangexibamipeedi tion
(0-stage) on a side nost proximate to the inner side of the novenent al ong
t he rot at ini&dpiddeshhiriifg 4 balwnpedi pogwert gerriatidni coMttel adchanilcat ati on
of a clutch wheel . A crown wheel 1114 is rotated by rotation of the
wi ndi ng pidipeblEl 2. cédntadbThthg viheelr ibHL6fi Sot ot boeall msdidilaition ef t he
crown wheel 1114. By rotating the ratchet wheel 1116, a mainspring 1122
cont ai ned d ba dide @i oM ietsprihd0 bys enedidd denehated! &y wWaeay &hei ni on
1124 is rotated by rotation of the barrel conplete 1120. An escape wheel &
pi ni on 113QHa ifcfadt €6c Vi Bat Ddmbifoth@®bad aheerwitwhack sgrphgi Onotd28, a
third wheel & pinion 1126 and the enter wheel & pinion 1124 . The barrel
(itirzrgl Ste 2 &djddte terntatewWbgekhé pimepnedd?24, the third wheel & pinion
[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 1 q cFP ?pp? V and the fourth wheel & pinion 1128 constitute a {%%EL
train wheel. An escapenent & speed control apparatus for controll 2001
rotation of the front train wheel includes a balance with hairspring 1140,
t he escape wheel & pinion 1130 and a pallet fork 1142 . The bal ance with
hai rspring 1140 includes a bal ance stem 1140a, a bal ance wheel 1140b and a
hai rspring 1140c. Based on rotation of the center wheel & pinion 1124 |, a
cannon pinion 1150 is sinmultaneously rotated A m nute hand 1152 attached

o the Cannogmghg;?o&a 1150; sl avs oBbOULE' o THE LANRALELY AR 1139 15

provi ded Wt hanismrela “he‘Center pi ni eel 1124.
Based on rotat t he cannon_pi. n 11 via rotati of, a

wheel , anlﬁoﬁ? ‘%Tlgﬁ 9&‘?1'& é‘tltregtfq 3\%1 %6%?“%%%’15 arlrt gg'efe t he
hour wheel 1154 dis pl ays "haur". barrel conplete 1120 is supported

r ot at abl ylﬁyeﬂﬁétﬁﬁl %o he dExeps %h%ea Hathe MEYEMERE 14BFe ﬂﬁ?eéﬁﬁ?er wheel
& pinion 1124, the third wheel & pinion 1126, the fourth wheel i nion
1128 and ehe"&senbpetwaiel wReel hi aRd123braiBs whppdr ingessatedbly sgethe mai n
plate 1102 and a train wheel bridge 1162 . The pallet fork 1142 is
suppor t ed"backt abig"bpft iaenmoveplente iBl0RArred fut |2¢ bbadlgetzadn. The
bal ance with hairspring 1140 is supported rotatably by the main plate 1102
and a balweheelbridge 1166. The hairspring 1140c is a leaf spring in a
helical 3 't 1 9 SEr 2002 V (spiral) shape having a plural turn nunber. An
i nner end portidmposfittibe imithepaxig 1ibe0diraectiomdt the wiaidisgr stemhol der
1140d fixed to the bal ance stem 1140a and an outer end portion of the

hai rspri ngl11d 4k dexdrimie@ddbg a el tciprapmardtus ihdladdngaahsdtting st ud
support 1170 fixed to the balance bridge 1166 by fastening screws.

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 J".n 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



y A regul ator 1168 is attached rotatably to the bal ance bridge 1166. 1$cppzmz
hai rspring bridge 1168a and a hairspring rod 1168b are attached to the
regul ator 1168. A portion of the hairspring 1140c proxinmate to the outer
end portion is disposed between the hairspring bridge 1168a and the
hai rspring rod 1168b. (2) Rate of nechanical tinmepiece Cenerally,
according to a conventional representative nmechanical tinepiece, as shown
by Fig. 12, with elapse of a duration tine period of rew nding the
nalnsprlng fro t at ich _the mai rin as_conpletely beep wound
up (fully % %t éa,ﬁb%%;m% Rdn98pq&g§|schﬁgégﬂgeggrgEQE Fe31%n the
case of Fi 12 the mainspring torque is about 27 g cmin the fully wound
state, be Labout 23 g cmafter el apse of 20 hours fromthe fully wound
state and becones about 18 g cm after el apse of 40 hours fromthe fully
wound state. Gerist &SCppenensriismpecocantbal annasifius EpFesemtael ling
mechani cal tinmepiece, as shown by Fig. 13, when the nmainspring torque is
r educed, tfmxa@qu;amgtheofrbhe bahancwheeilh itcludes @ SBAGXEE with
hairspring is al so reduced. For exanple, in the case of Fig. 13, when the
mai NsSpri nthd Drspieing 1254028 thecescape wheel samdind onf 1036 and aanqer Midth
hai rspring is about 240-270 degrees and when the mainspring torque is 20-25
g cm the swingi1angl ehefbd lendmbvantenat ¥dprhiaig $pa D nighd1uddzos tballihad 0
degrees. In reference to Fig. 14, there is shown a transitional change of
i nst ant anefsm red £0ay t4 belanhde t Wheévwlng1a0p! andl aa Hadlrapadny til1do .r spring
according to a conventional representative nmechanical tinepiece (nunerica

val ue i ndigddd@n2e6Ys8eYn V£ theepeaeeY. wheel i iaasa, 110e, "4 nedrd¥raneous
rate” or the "rate" is defined as "a value indicating gain or loss of a

mechani caly it y83pieeR) afd afil BRsRAfs 19N e dtat .t e WlieniRe hakicall ga mepi ece
i's assuneéjto be left for one day while maintaining state or environnent of

swi ng anglf QfcredalAngke V&éﬂhd?ﬁ %ﬁrqu_m tdl%ﬂl'al&% Wwhemftlee ratgd S

measured”®. In the case of Fig. . when a swing angle of a bal'ance with
hai rsprin alrﬁucﬁ‘g%éhlbﬂ piséqrsgsgowaad%&ﬁ%gsﬁﬁ Echah £ #le 10 i STl | er

than 200 degrees) the instantaneous rate is retarded. For exanple,

accordi ng {p t@:ec%iﬁ%@}' p0al of e@r“ﬁ-%é!ff ahiove t BaBRECSE)r A% SR ¥ HE 9. 14,
when the sw ng angle of the balance with hairspring falls in a range of

about 200 4 dal}{/ ffn%é%nd%g%@esmshﬁotaaéﬂt@f\e@%ﬁ\ﬁ;eewlﬁeeab%ﬁq Bohlrough 5

seconds % (gain of 0 through 5 seconds per day) , however, when the
SWi g anglg,df) §H64bal 308 vt h Aot hifal 1 9PAk Bhed td HhSHRLLO2
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



170 degrees, the instantaneous rate becones about -20 seconds / gﬁyaﬁl @ms
of about 20 seconds per day). In reference to Fig. 15, there is 0
transitional change of elapse tine and instantaneous rate when a nainspring
is rewound froma fully wound state in a conventional representative
mechani cal tinepiece. In this case, in the conventional mechanical

ti mepiece, "rate" indicating gain of the tinmepiece or |loss of the tinepiece
per day, is provided by integrating instantaneous rate with regard to

el apse tine of wi_ndi ng.t he bal ance with-hairspring froma_ full und
state, mhi(éﬁli"@&?nﬁgeaﬁea‘ai"ﬁnﬁi & p?%',rat}vgru% ng-mesrg Geer A §* ée ordi ng
to the conventional nechanical, tinepiece, wth elapse of duration tine
period of PPEGAARIHgthadaSRIINhGLEPEmS hidxed 4]2 g hol der

mai nspring torque is reduced) the swing angle of the balance with

hai r spri nglé8daf ted soutke @i@méﬁémnbléﬂ?ataﬁ?é ARWRTMLBGUBOTRLEN| S
retarded. Therefore, according to the conventional nechanical tinepiece, by
esti mat i ngf| Uss lefindpe iigndpidéceiaf f exedvim@ bRirkprdngastoud 11%@aperi od
of 24 hours, instantaneous rate when the mainspring is brought into the
fully wouattatheé, to =2 ptead cusiporgailldd dncedr evi thel pahapostledidgeh t hat
the "rate" indicating gain of the tinmepiece or |oss of the tinepiece per
day beconeseposyt fasterritig esargwe, according to the conventi onal
representative tinmepiece, as shown in Fig. 15, although in the 6 w~ 9
SE~ zoo2 fully aotwshistize.11t68e iisnataathedoysta8hbly stabehé Fak@eends / day
(gain of about 3 seconds per day), after elapse of 20 hours fromthe fully

wound st apeiggder 16! ARt RALHESr L A§ PRI 680dhd- 8 BELHSESing dva (| 0ss of
about 3 seconds per day) , after elapse of 24 hours fromthe fully wound

state, the)éastard aeithdRitd Reeoraguabest 1868eCondsoPeionlaye (diss of
about 8 seconds per day) and after elapse of 30 hours fromthe fully wound

state, thes{NStAHANEIUST G0 DRfES t8biHe - d0c88CQUME bodRYok! OSS Of
about 16 seconds per day). According to the conventional nechani cal

timepi ecegi dhesaECWASI che t haBRLeeentS He18581 NEfedy anfdr ahe of
operating the escapenent & speed control apparatus including the bal ance

Wi th hai rngpfi &g pld efptelegy epeating right rotation and left rotation, the
escape wheel pinton. rotating based on rotation of the front train wheel

and the pallet {orlefiy FoRdaniRG1r eiglelbedcef the escape wheel & pinion
based on operation of the balance with hairspring. (3) Problem which the

| nvention i Nt enflindsa 1155 0kKBoHASHE! 06Ca donAlMifodd) RINFRAIR 3CUr acy  of
the tinepiece, the perifod of the rotational oscillation of operating the
bal ance wjdbhyad E5PTd 1k d iSR! l@gednbani BET #a§E AT Jicd 2idifdd O & tO
fabricate the escapement & speed control apparatus including such a bal ance
Wi th hai rgprd fihn MIRRONEE i 0@ ORI Ag! fie 9&&%&&9@6&8&%%@&@

ti mepi ece, a range of capable of increaSing the peéeriod of the 7 ] ~;

~ 2~~1~ {@tvﬁhia{laéheoiaaiihtgg&&aa ﬁgsoe&aaiéeim hse &2 iR Wi Wfffeﬂil pring is

limted and accordi ngly, ere poses a problemthat a rangé of capabl e of

i provi ng,d.heg %&%‘{reqqymgin%ﬂ??%”@@f&?é isS Aolai-kad- J&aer&a%(g?eoa%ur acy of

t he conventional nechanica precé I1s inferitor to accura f "a quartz

type tinepiece. Th ore. the user .of the conventional, nechani cal
ti mepi ece&?es b1 S gogj t'c 'colr"zr’eg G %ﬁénlsﬁéﬁggt ear%yleth% ?r%%‘ﬁ'én ca? nepi ece

t t iod of time. (4) bject qf .the i ti Hence, it i
o oby cor iRy SLiBref stefRovdhoned dtoh 221 SR SapEey
extremel yore%ll'lo%r}ts %%%W %ﬁg 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 is reduced, the swing angle of the balance with



Further, it is other object of the invention to provide a highly accurate
nmechani cal tinepiece capable of being used over a long period of flidn&EP 100

[ Di scl osure of the Invention] (1) Constitution of mechanical tinepiece of

t he invention The mechanical tinepiece of the invention includes a novenent
constituted to include a mainspring constituting a power source of the
mechani cal tinmepiece, a front train wheel rotated by a rotational force in
rewi ndi ng the mai nspring and an escapenent & speed control apparatus for
controlling .rotat.ion, of,the front tr?,i n wheel, the %%agerrent Speed

Cont ol afPHrRETe Tond Pl 5 SE9G Shce 0Pt ORI 1 Rprth§Ts oot of dd 5
alternately repeating right rotation and left_rotation, an escape wheel &
pi ni on r otldt-eWhieAstle grAIRIRE IR O RIRe 16 HAT2 8 rHFR . WhRR| S &N¢did et fork
for controlling rotation of the escape wheel & pinion based on an operation
of the balodnthenbaianger whthnhabheapT hed bh$ AR tid4) W & Sagnees eadudi ng a
hai rspring, a balance stem and a bal ance wheel. The nechanical tinepiece of
t he i nvenwhem thet hainkpelindesongue yist £ 0-&cid-¢rat drhe avwsitrig @ngle aif
oscillation source) ICincluding a dividing unit for outputting a signal
with respetie balenee bythnpatitrspgiag dst pbousi §8at+260t@esreesby oscillating
the crystal oscillator and dividing the output signal and an electricity
storing nenber frarreperaenc¢ad Giglhdadnechanecihs dhowpiacteaakitbienadventi on
further includes a rate detecting unit for detecting a rats of the

mechani cakhangepb € Cin ifsh tabedws Qs o wdthgeegasti 06 Saltid @ngld bf a
constituted to control a period of rotational oscillation of the bal ance

wi th hair sanlbRgebasddhon Haidisprdew Sigredrdiing degb byat heodireéhdibgaunit and
an operational state signal indicating the rate detected by the rate

detecti ng_rléEirbs_éﬂdaﬁ_Qﬂér atpediuteicdly t hemepiatéeonaimmfeiildaat i 0galhet he
bal ance with hairspring. It is preferable that the bal ance power generation

control uRhiiehelihg "EBchaU&Al Jfi MePhesEederor di i tEnidie daReent £RY, _
i ncl udes a bal ance magnet provided at the balance with hairspring and coils

arranged #@nheafaRABbEsOkat¥er birN@nd “rht~SER Hetid@mpngl i CafQLegeto the
bal ance magnet, wherein the coils are capable of restraining rotation of

the bal anggaWehifRgi =51 bRo dWs @64 rldthare alBgnRtp fed OFR b0 i S Pal ance
magnet based on the divided signal divided by the dividing unit and the

oper ati ongk SiaheySi S chedhéatd N4 D@ imdbe cdet £ haduhkat e et erdet ecting
unit. Further, it is preferable that in the bal ance power generation

control ugpbl Bhet By NREIEDIGAInd 17RR £ & aeCOrdbAY i FOnhlR L] HY e&iﬁgﬂ’
current generated by the rotational oscillation of the balance w't

hai rspringnpser 8¢t fdade @viﬁ:?xchiahﬁisﬂfliﬁ'%r&f"éhé”l‘ikieswﬁteﬂr BHel L@l
electricity storing nenber. Further, the bal ance power generation control

unit of the pegbapigal tr’m\%@ﬁeeeas_acs.@rﬂiélg 160, WiRn avgmhﬁnangf@,&bange a
period of the rotational oscillation of Tthe balance with hairSpring by

cont {g'ml,i' 9 HaQbAleOR it e DANEE Y&t BhAi T 88T bRY 1R RRPIHAN 348 "Airy's
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 7 day {gain of 0 through 5 seconds per day), however,

when the swing angle of the balance with hairspring is about



Here, the "Airy's theorent indicates that "oscillation of a pendul%q%is not
di sturbed even when energy is applied at a center point of oscill athi pkR 2302
- Therefore, it is known in the balance with hairspring of the nechani cal

ti mepi ece that even when external force is exerted at the center point of
the rotational oscillation of the balance wth hairspring, the period of
the rotational oscillation of the balance with hairspring remins unchanged
10 ~ 9 sk~ Zoo and when the balance with hairspring is accelerated at and

before the nter_of_ the r ] i t t I i

hai rspri n912§ ‘#?Ideeecse’l é?‘éat géggéﬂg%egﬁ%ééfehggggﬁ%gr o?ls)?h:ﬂfgfa gl #gﬁal
oscillation 8f thi balaﬁcebmﬁﬁhzﬂairs rén th pFriod of the rotational
osci | | ati oh B7Yt AEOBSI RhcBPRRER af?%%# %8?%%1 &) Further, it is known in
the case of the balance with hairspripg that when_ the bal ance,wth
hairspring i s act®lXRER%RNCH %’nglgf'tég' t ReTR M SPOWT: RetFB8RSE FORRR]
oscillation of the balance with hajrspring or is decelerated at or before

t he cent erchang@ef 6lapPeeraime3Br| IR IH-aFeqURe TBAP VRN & RALASPF SR ng,

the period of the rotational oscillation of the balance with hairspring

| oses. _ Thas ixewdund sippwf & afliélyhatountd B&R&Rcelpoder coeyerbional cont rol
unit of the mechanical tinepiece according to the invention, is constituted
such that trépresentabvivefmethabitahceineniedmi r srithls scasaketh atha ti nming
prior to constituting a center of the rotational oscillation of the bal ance
wi t h hai r spohvenwhemal realsrs cafl theepeebeani‘tate ! mndiced: iggi gaianmf i s
constituted to brake the rotation of the balance with hairspring after

passi ng t hthelghindiei emnter lafss df theatinepieocecpétradapn b phwevidddince

wi th hairspring when the rate of the nmechanical tinmepiece |oses. By the
const i t ut i, idteyrantiaig dnsebntheaebakanaee wilth kaigasid togetapsdec it rol | ed
accurately and the rate of the mechanical tinepiece can be adjusted

accur at el Yof ldewindihdCRihee HaA andtet Reth -hairsppingefadhea tfidlly Meourt e
detecting unit of the mechanical tinmepiece according to the invention,

i ncl udes aspaté etwHidk Hetasdidygd dzoaliect 15 ehverenid poavisded at a bank
pin for detecting operation of the pallet fork and a pallet fork detecting
si gnal counting autidrd10ry Coadddrding ped! ehel @davéaitaeniang nfddalicqut put t ed
fromthe pallet fork detecting piezoelectric elenent. According to the
mechani cal ¢ ihé@idese wiftd ka apeenifi AGradior! €thé i st VoS tel irgviiRIRy may

be, for exanple, a chargeable secondary battery or a chargeabl e condenser
As the chafgeahbenseeOngacyohather Yullior wenadplseata,! ithd uwaiseeaneRy Y
battery can be utilized. _ Further, the nechanical tinepiece according to

t he inventisrguayibe faad vhéh sifingutiglie Coti KHIbRDMBEJGARHAL i ON
unit. In this case, it is constituted that electric energy generated by the
aut omat i C w 1Ek e P WRT a DES Hediuice@ 4 tadcd raliagas, t Ohé g A LHarethdsy
storing nmenber. Further, it is preferable according to the mechani cal

timepi ece picd higs iratenidedn t habreherepCitéyidhgits UWte icorfrtiidnaied by
using a Schottky barrier diode. The reason is that according to the
Schot t ky hagdhaii cHodeimépeecwervy i aseimspeesd issfaskernkehanpdlecel a PN
coupl e diode and forward direction voltage is low) which is optinmm for
rectifyings @y vehbage. 'ofurhlerguidticn Preher abdeidd e echanical
timepiece 12 19

instantaneous rate when the mainspring is brought into the

fully wound state, 1is 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



of the invention that the ICis constituted by using an SO technolggytp 7ihe
reason i s that when the "SO technology is used, electrostatic capacitance
. of a transistor can be reduced, the operational speed can be accel erated
and current consunption can be reduced. Further) it is preferable according
to the bal ance power generation control unit of the nechanical tinepiece of
the invention that the bal ance power generation control unit is constituted
to generate inductive current in the coils by the rotational oscillation of
t he bal anc i th haiyspring conducting the caoils in,a copnstant tine
nterval e e SRR ST SRR AR 1ok 3 PEPRES FECoRABal ance
with hairspring. By the constitution, inductive current can be generated in
the coils £i93¥ yG&id &ff pooskt By SeFonder PeEt d3Y) net ARAT 8l 2Pseedf et of the
invention In a normal anal og type quartz tinmepiece, there are used battery,
quartz) | Goums ofromr &ha | VRS SFRLe hethpkdnskeadagieoyst Fatifeh an
anal og type quartz tinepiece, energy provided by battery is used for

measur i ng tearendsy afpartat-sngeqoadsz /aday | Clese of sphayt ny segands pext ating a
notor. Aratio of energy used for neasuring tine by operating quartz and IC
to energy dmed adtetdi slhhpye nd 24 reouns fooat the fuligt wound sbaue, The
Therefore, when only a function of neasuring tine is 13 1 9 SEA 20~% used

i n the analmgdntehapuar ratel beponee, alsmen -8 sekendaspesnf dagi (pdd@fsane
battery, the battery life is prolonged by a multiplication of 3 or nore. In

the nor malapial 80yedoids Pear Bay) | dmpiageer elbpséasy 30 heurs fbemithe years.
In contrast thereto, according to the nechanical tinepiece of the

i nventi On,fdmgﬂ WolRe sk s tes edhani ket taédlys Staté NeedBMd laHbUd RY 6
di rensi ons and shape substantially the sane as those of the normal anal og
type quartgeddd@mPi/eeRy t(Ndlkks 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 repeatix_ug 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



is, a secondary battery or a condenser) the secondary battery or tHeJ SEP 2007
condenser can be used over a tine period |longer than the battery life of

. the normal analog type quartz tinepiece. Further, the normal mechani cal

ti mepi ece can be used for about 5 years w thout repairing the nmechanical

ti mepi ece at all and when the nmechanical tinepiece is overhauled after 5
years fromstart of use, the nechanical tinepiece can be used further for
about 5 years. Therefore, when the normal mechanical tinepiece is

over haul ed once, the nechanical tinepiece can be used for, about 10 _years.
Ther ef or e FO4&%3°8adg P@Ctlagaﬁé&?ani | BEFESIEGe d"?’et h&3LARGR | 3H Ereven
when there are used quartz and IC simlar tqQ those of the normal anal og
type quar haigispEpngceésahimi ked and aecerdingdy, i RBeredeseh & inFghdiefensi ons
and shape substantially the same as those of the normal anal og type quartz
ti mepi ecethattata isdngeeofecepdbiy Iodt timmrarinchewnaengeacyi ofi $heot
necessary to interchange the battery 14 ~~ ~~-~ e~~2 until the tinepiece
needs to aieebdece Esrflimifredccording to the nmechanical tinmepiece of the

i nvention, when the capacity of the electricity storing nenber, that is,

t he secondary bahteeyooe,t heanutsnsef ithe ncoaaeth orwl pmeehaadpalnpti on
of 1Cis reduced, there can be provided a tinepiece which can be used until
life of at@ﬁé%ﬁ@ﬂeois anmaivy ¢al asttradyiof exqidsz typd Bemepaeeerding to
t he nechanical tinepiece of the invention, the tinmepiece is operated by the

nmechani calphgbegste! er 196 th € @fdLRE| Yonweret SEN mRicd@intiica 1e8emapietered to
the electricity storing nenber, that is, the secondary battery or the

condenser ;s shsddt ed, dd¥eF&cd S tAReCOHHPIdRI!d SHPPRIHY hBenhhiERl ece and
only accuracy of tinme display becones inferior to that before the electric

energy st Qﬁﬂgpiecéhgtséggwaééfnb'é‘éﬁ€r%(eﬁoé her cofiglenser is dissipated.
Further, according to the nmechanical tinepiece of the invention, when an

automatic w ndi pg) Pe¥eL-geper ghé OlhwEshEdH sm or a handw ndi ng power _
generation nmechanismis nmounted, there is |l ess concern that the electric
energy stored t@efhg, SIOMB0aACBBSLct L BAl the 1 APENSLER IR ¥rOGLEETY O the
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



condenser is dissipated. [Brief Description of the Drawings] Fig . 1} SRy
pl ane vi ew showi ng an outline shape of a front side of a novenent accordi ng
. to an enbodi rent of a nechanical tinepiece of the invention (in Fig. 1,
portions of parts are 15 1 9 SEP 20d2 omitted and bridge nmenbers are
indicated by imaginary lines) . Fig. 2 is an enlarged partial plane view
showi ng an outline shape of a portion of a balance with hairspring
according to the enbodi nent of the nechanical tinepiece of the invention.

Fig. 3is an_enla rtial seciion I hgqwing.th ne_shape of
the porti 8 SFnFﬁSE%aIrEE’ tt\ﬂl?hrﬁgﬁ ka\gll%,c%ngwlsgforgﬁg%éﬁﬂwﬁﬂ'ent of
t he nechanical ti meg#‘ece of the inve th% Ig |s a thr ective view
showi ng aRSGAPEI KReShapPIH1oD BQIFALE aﬁgt crc%tr P he ErBBYHI nent of
t he nechanical tinepiece of the invention. Fig is a block diagram
showi ng ahr8iépl Yeeebfanshér Bei dAt oﬁorébﬁPFoFPPﬁﬁo%béP%t’iQﬁﬁro’fort %€ BBRance
w th hairspring according to the enbodi nent of the mechanical tinepiece of
t he i nvenepoapemhpel & pinion pasedirn BNSPRAF Ml oR Ofct e daganasnvi ohi i ng
operation of the balance with hairspring according to the enbodi nent of the
mechani cahajrappirge asfd t hbei nvekanas. wiith). Faisspnimat lined uddmgi ad pl ane
view show ng a constitution of a portion of detecting operation of a train
wheel acchaflragringt he babadteestemnfand e neclhanme adhdelnepi ece of the
invention. Fib. "8 illustrates tinme charts showi ng the principle of
control ling theThpemaidhamieklt heiled peroe wift hthai nispentdohb further

includes a crystal oscillator constituting an oscillation

source, 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

inventioni, includes a balance magnet provided at the balance

with hairspring and coils arranged to be capable of exerting



" ~ 9 sE~ zoo02 according to the enbodi ment of the nechani cal tinepiece1gf %9&
i nvention. Fig. 9 is a flowhart show ng operation of a portion of SEP 10
. controlling the operation of the balance with hairspring according to the
enbodi nent of the nechanical tinmepiece of the invention. Fig. 10 is a plane
vi ew showi ng an outline shape of a front side of a novenment of a
conventional nechanical tinepiece (in Fig. 10, portions of parts are
omtted and bridge nenbers are indicated by imaginary lines). Fig. 11 is an

out i ne_pay ﬁéhéeféffé‘% Sfghtos FRNAEN! WALCLDR eRBVERLIgNae

mechani ca I ece s of parts are om
Is a graph ) an _outline of a betmeen n_el apse tinme of
rewi ndi ngc#P %O%u’r’?ﬁt%{ffﬁd’%trgttgtéﬁﬁ %%ﬁgr}? IOV GEE PR TRRI W hani cal
timepiece. Fig. 13 is a graph show ng an OUtllqﬁﬁff a relatbonshi$ bet ween
a sw ng alPDgl%‘Qﬁt@goéhérfB%gW‘ihc OGS PP RP ARG PRORG T BREBE 9™ t he
mechani cal tinepiece. Fig. 14 |s, acgraph showi ng an outline of_ a

rel ati onsHrp Bévided sHeNak i uiig the shEdad thihaiprgorthy and an

i nst ant aneous rate in the nechanical tinepiece. Fig. 15 is a graph show ng
an out | i repefatinahstarenpponel weedl ¢aeing dhseretredereFERANEY idi rom a
fully wound state axed the instantaneous rate in the nechanical tinmepiece.

17 ~ 5 mte 2@grecting 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 circuit and is 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 hairspring 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 p;int 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 balarice with hairspring, the period of the rotational

oscillation of the balance with hairspring remains unchanged

10



[Best Mbde for Carrying Qut the Invention) An explanation will be giyverrehn
enbodi nents of a nechanical tinmepiece according to the invention in

. reference to the drawings as follows. (1) Total constitution of nechani cal
ti mepi ece of the invention In reference to Fig. 1 and Fig. 2, according to
an enbodi ment of a nechanical tinepiece of the invention, a novenent 640
includes a main plate 102 constituting a base plate of the novenent. A

wi nding stem 110 is integrated rotatably to a winding stern guide hole 102a

of the main plate 2. dial_ {(not, ji g i t ed 1o th
novenment @fﬁp o“fahe[rhétq‘h%cl?%%%éaﬁa "Fiér]r’lepl}aelcxleé%lﬁ?dgi navczcn% %Iﬁa@efﬂeatdi aei S
provided with, for exanple) .12 o' clock graduati 3 0'clock graduation, 6
o' ol ock gERASES BReFRIETO8 iy O ATASTAIrOSTHEL S HRR 7 SPEAPLARGS
provided with a square portion and a guide shaft portion. A clutch wheel
(not il udtitdt B TSPIIRLeF at 2 AqcRLeratafl &te 2p6r o BRT O8N eGSOy st em
110. That is, the clutch wheel is provided with a rotational axis |line the
same as a thst setahipnakiosdiildatdont ¢k thienda hanee shtinbairspring, thee cl utch
wheel is provided with a square hole and is provided to rotate based on
rotation gfertikd wihdthg sbsatitbaby osiciflilagione afquehe halance wighsquare
portion of the winding stem 110. The clutch wheel is provided with tooth A
18 ~ s $kEirspedngndatiost.h Burthertodthisd ksopnoindeteatase edidtperti on of
the clutch wheel proximate to the center of the novenent. The tooth Bis
provi ded dalamcendiphriadiospmfirighehat utlodn wheeba panee naittch haiagpethgr si de
of the novenent. The novenent 640 is provided with a switch apparatus for
det er m ni g adqusEliddayedfat hand adceg shemdedtdm dhethsi abthithendir ecti on.
The switch apparatus includes a setting |lever 132, a yoke 134, a yoke

spring 13Gsznidiatsieht bR he il ande Rl th3hai Basein®or disatieealetatg setting
| ever 132, the position in the rotational axis line direction of the

Wi ndi ng stkembilBefsrdeilas Bettér BESEHe oot Rl odlc ith@atiekeot3dhea
position in the rotational axis line direction of the clutch-wheel is

det er ni nega1Bazed WOtK Ot ibiing, he thet thagibeveast 132e t PeryokendB4 is
positioned to two positions in the rotational direction.
oscillation of the balance with hairspring loses. .

That is, it is preferable that the balanqg 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

hairspritg can be controlled accurately and the rate of the

mechanical timepiece can be adjusted accurately.

11



" Awinding pinion 112 is provided rotatably at the guide shaft porti fg %"””2
‘-i LU\-

the wi nding stem 110. When the winding stem 110 is rotated in a sta

, Which the winding stem 110 is disposed at a first winding stem position
(O-stage) nost proxinmate to the inner side of the novenent 640 al ong the
rotational axis line, the winding pinion 112 is constituted to rotate 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.ef the._c +.-19 1 ~ ~ mVvenment
640 i s provided F&ﬁt%eg'éfné%%%@%ﬁ%%f%ﬁhgé F§$e5$t35€17%?%%ldn$ﬁlr{aﬂbarrel
conplete 120 as its power source. The mainspring is e of an elastic

mat eri al f%ff/)i ﬁéesﬂﬁcﬁ’@nﬁ& or %%1§%%ha§§°?fi6ﬂ.8 By° rggﬁtilﬁ'ﬁ'eﬂ{emrnatchet
wheel 116 ) the mainspring is constituted,to be, capapl e of being wound up.
A center WiEHudes fi opridar | AnsARLECEANTo PHRAPRLBHET T atS G t he
barrel conplete 120. A third wheel & pinion 126 is constituted to rotate
based on motidad et ahearlemisy figreEptgcHinfoprevation of the) paHdeat &
pinion 128 is constituted to rotate based on rotation of the third wheel &
pi ni on 12&orkn asstaperaviert Ropk ndeheaBing sstgnali counting nodst doased on
rotation of the fourth wheel & pinion 128. The barrel conplete 120, the
cent er wheslun&ipigniaopald4et tfeekt detéotiogl sdopadi ontpRetedd froe tbert h
wheel & pinion 128 constitute a front train wheel. (2) Constitution of
escapenentpad leteddr&koderekbtappapatuseTbetmbuecatened) is integrated with an
escapenent & speed control apparatus for controlling rotation of the front

train wheel. Thacesedpagetd tRkespeehanbosl aimepiscet of it indeataochal ance
with hairspring 140 repeating right rotation and left rotation at a

constant peri ellecthécesgapstodiast Seanibrironmad0 bet atfor lexaaghlen ratation
of the front
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
constitutéd 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

12



train wheel and a pallet fork 142 for controlling rotation of 20 g @roofy)
2~~? the escape wheel & pinion 130 based on operation of the bal ance Wit h

. hairspring 140. The basic operational principle of the escape wheel &
pinion 130, the pallet fork 142 and the balance with hairspring 140 is
simlar to that of the novenent of the conventional nechanical tinmepiece.
In reference to Fig . 7, the pallet fork 142 includes an inlet finger

j ewel 142a provided to be capabl e of being brought into contact with the

escape whee %ini n. 130 0 1,iet i . 2b.p '%e t ge
capabl e of Ohef % HI"&:@HOI? nrta}gatcg{r\ eacIth vﬁggﬁofﬁg\&gggéée%%ngg}{h Pn?’g 130, a
pallet fork svvorf tip portion 142¢ provjded sych t a sy ng jewel (not
i || ustrat eB§CRROL ALY bal T LSRECR ASi f’éﬁh‘ﬁberétﬁ*tﬁr s"g§ﬁdtr’-’8§n\5‘83°8?fd 3Spal | et
fork rod portion 142d. _ Wen the bal ance with hairspring and the sw ng
jewel are wedt e®lortuasSiatAc JFRBAFLBRANFR O efcl TRIRF LR r &8 oB) t he
swing jewel enters the pallet fork sword tip portion 142c. Then, the sw ng
j enel rotareduced, pdld eperational spredhean paraciglanatad apdoekytert
direction) and nmakes the pallet fork 142 stop and rel ease on the side of
the inlet ¢omgenpfiowelcdniZee rEdiced rocki ng corner of the escape wheel &
pi nion 130 noves to an inpact face of the inlet finger jewel 142a. By force
of the escape wrettlepi nkas p3eferhblememirdiagetofthenbailahee vowepr | ewel
142a is pushed up and the pallet fork 142 is rotated in the right direction
(cl ockwi segehexectiom)codtwsl Wit df tche-méflfanical 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



the pallet fork sword tip portion 142c presses the swing jewel and rdl §EeH’
the swing jewel in the left direction (counterclockw se direction). Wen
. the inpact is over, a tooth of the escapenent wheel & pinion 130 |eaves the
inlet finger jewel 142a, the escape wheel & pinion 130 rotates idly and the
escape wheel & pinion 130 drops. Wen 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

t1tut f t
cver ang rBdiated ALY Bher sl e Shde Ll 8 #LQ’B%? 38 Wazc,
the f f. th | | et & l.l et f 2 rotat th
Swi ng | ewBFIPR THE Feme %Smoﬁ't?\e e e Lt e

t he pall et fork r.od portlon 142d is brou i nto contact vvlth a first bank
pin 102d BRltARLARRR1ENRE 3a%H Mo3tEat |Id'htgf3 RGa APat oFy RS JuaL t2t opped
to thereby constitute a secondary stationary state. Further, the bal ance
with hairtpmengecs0 Rsbasterzdlifiet he pbeutd?2reearsn (countercl ockw se
direction) and carries out free rotation. Next, when the balance with

hai rspring 140 Isactestmasositheretsf, aanasbrdﬁmgsvﬁmg tdregl mechheiballance
with hairspring 140 is rotated in the right direction (clockw se direction)
and t he swimgpjewnelof sheotiavedtabso when hherieght useden ehe2lricitg JLI
LJOL (cl ockwi se direction). Then, the swing jewel is brought into contact
with the pabkéhgfmemkbemdralirigp dimensdanntd@nd stpdsupsithat ibddk the is
rotated in the left direction (counterclockw se direction). Then, the

pal | et fogkmé4dds ithoseder tthes hopmah chriel @ sgpenqide: 5itdmepli eidee ehatet
finger jewel 142b and operation simlar to that of the outlet finger jewel

142b is repead ebcvhddiy battedy dh@a toh@énsenpathd eecbnddzy. béBtery
Constitution of train wheel Referring back to Fig. 1, used on rotation of

the cent eprWige! cén@émbOn dadd bed (BT Qe B @AmENBbri bAUBEAGEL M haS
simul taneously rotated. A minute hand (not illustrated) attached to the

cannon pi ph8nod St &HRStiifidiioFdthe Hbfhh BYandlid t§pe qilet &P REp PEAEON i S
provided with a slip nmechanismhaving a predetermned slip torque relative

to the center Wheethér PithicORomAl mddhas iea 1l ©imd cFﬁb@f:ahh?e%%@@lof‘o:p' hion, a
m nute wheel (not illustrated) is rotated. Based on rotation of the m nute

wheel , anapewt whpedrd Npftridduslepdli@dng $heohatReni 81 hoithepodge ad¢ ached to
t he hour wheel is constituted to display "hour". The barrel- conplete 120 is

suppor t eda1 ot A @bl KB Rl @ KRB i8BE 2sbavEshabieduss d80.5 The
center wheel & pinion 124; the third wheel & pinion 126, the fourth wheel &
Pi Ni 0N 128 2A8 #:16n @268RCoRNERL, &R RbEAaAS0a AreLAUPRYI @dn be used
further for about 5 years. Therefore, when the normal
mechanical timepiece is overhauled once, the mechanical
t;'.mepiece 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 1s not necessary to interchange the battery

14



" 23 1 9 SEA ~~~~ rotatably by the main plate 102 and a train wheel 'br{idg8ll
162. The pallet fork 142 is supported rotatably by the main plate 102 and a
. pallet bridge 164. (4) constitution of balance with hairspring In reference
to Fig. 2 and Fig. 3, the balance with hairspring 140 is supported
rotatably by the main plate 102 and a bal ance bridge 166. That is, an upper
nortise of the bal ance stem 140a is supported rotatably by a bal ance upper
bearing 166a fixed to the bal ance bridge 166. The bal ance upper bearing

166a i ncl udes, é&el nce_upper q%ée jewel and.a | ance upper _cap jewel .
The balanégnﬁﬁg ethEePéég? 0 %I#? 83?5ﬁ8810p8§F%§§$7jggﬁpréF 9%e of an
insul ati ng material such as ruyby. The balance with hairspring 140, i ncl udes
a bal ance SremechepicalySingPaehRcet MBOH YRR Rai FEBRI E’@e LZRRACIEY ower
mortise of the balance stem 140a is supported rotatably by a bal ance | ower
bearing 102h theeflestrhel i Atprang mepberhethatadde Itferserandary 102b
includes a balance | ower hole jewel and a balance_ | ower cap jewel. The
bal ance | dwertemy @1 dbsl candeniserbakaktereased ang pewel consumdseiaf an
insulating material such as ruby. The hairspring 140c is a leaf spring in a
hel i cal (syf rIdl jsshegrecddyithpre phorbé puovidudrieet im@pienaevhichl qaorti on of
the hairspring 140c is fixed to a hairspring holder fixed to the bal ance
st em 140a mndased onthet 1 ebhilf@oofi anpot-ttibe bdi esmechani4@d istructed ey
screws via a hairspring stud 24 1 9 SEA 202 attached to a stud support
166a rot ate3fp)irdld xed to the bal ance bridge 166. The bal ance bridge 166 is
made of an electrically conductive material of nmetal such as brass . The
stud support 1l6Gairithe¥dacebraingctecthé ahédhHOIEHIC i imRepiRiRY ioH tofe net al

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 & movement according to an embodiment of a mechanical

timepiece of the invention (in Fig. 1, portions of parts are
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such as iron. The hairspring 140c is elongated and contracted in ttpg %E?’dliﬂﬁis
direction of the hairspring 140c in accordance with rotational angl
rotating the balance with hairspring 140. For exanple, in a state shown by
Fig. 1, when the balance with hairspring 140 is rotated in -the cl ockw se
direction, the hairspring 140c is contracted in a direction toward the
center of the balance with hairspring 140 and in contrast thereto, when the
bal ance with hairspring 140 is rotated in the countercl ockw se direction,

t he hairspri.n i L i ect | ter of

t he bal ang)gll\}#te #l%gﬁirésrpﬁgﬁegﬁ%g‘gﬁkgh%%allnﬁsi&a%g %ﬁﬁi{%%ﬁ%ﬁ ‘el astic
mat eri al having_spring .perfor ce such as.elinyar”. That is. .the

hai rspring 14OCFi15‘ngdé‘sofarénen1§:PaeIE§?¢Jc??§/ Jc:%nd%%‘???/evﬁﬁverq?’gwlgp Mtal. A
portion proxinmate to an outer periphery_of the hairspring, 140c i s supported
bet ween aSN&LAEEr iTHPERS i Afe 24 HPEPT %gi s GRdW#bB " BRIZSPEINS, t he
effective length of the hairspring 140c is determ ned by detern ning

posi t i onsagfordangaie &hei embodinget sfcthndadiamnisalspimppiees abghgy 25 1
9 ~~P 2~~2 rotating a regul ator 420. Further, when the effective | ength of
the hairspnivegtig®e is determined, the period of the rotational oscillation
of the balance with hairspring 140 is determ ned and the rate of the
mechani cal tinmePigeed is aetenlarged. pd5Yidhsectionadnvbév sawicw thgnet

provi ded at bal ance with hairspring and coils provided at main plate In

r ef er enceotiolkhg. shapérofigthdippridioc @iff $he8daladee, wisbbhandsp8dngar e
attached to a face on the front side of the main plate 102 to be opposed to
a side faaecotrdihe tmlkaercembvditinheritlOlf re tieehandeadf t ithepietce ofl ahe.

Al t hough the nunber of the coils is, for exanple, four as illustrated, the
nunber maynbenenen.nmay be two, may be three or may be four or nore. A

bal ance magnet 140e is attached to the side face of the balance with

hai rspring 140brog. t hei sidleerfsgdia iRl wiewakRowing 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 ol?eration
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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" to be opposed to the face on the front side of the main plate 102. AYt4FOUHH
it is preferable that as shown by Fig. 1 and Fig. 2, an interval in a

. circunferential direction of the coil in the case of arranging the
plurality of pieces of coils, is an interval in the circunferential
direction of an S pole and an N pole of the balance magnet 140e arranged to
be opposed to the coil multiplied by an integer, the interval may not be
the sane for all of the coils in the circunferential direction. Further,

according to such siruygtur . i ol t . . 2~~? plyrality of
pi eces of a&&qr@qﬂ f,?;{:age g%%élﬁéggrogﬂs gg&‘ﬁé\?‘é@ag%ﬁ%l ?ﬁ%y %Eé &5 %g tthne
paral l el such that currents generated at the respective coils by

el ect ronadﬁé’ﬁné"lioﬁ’ducti on are not canceled by each other. Alternatively,
Wi ring anong the,resge,cti ve coils may be wired in ,parallel such that

currents generaféd-a? thé LLSPEBRTESRYIING PO OREPRITEIMCE i on are
not cancel ed by each other. In reference to Fig. 4, the bal ance magnet 140e
i s provi deentireld ldngoddre noperakien aPfsiklse Baianre i wetBhAgdyrspadng ong its
circunferential direction, for exanple, there are alternately provided
magnet poeticomrsiongnpe ithiengmbod phere o fothe neshanicadstimgpoagh dede2 and 12
pi eces of N poles 140nl through 140n12 which are polarized in the up and
down dirednventidht hough t he nunber of the magnet portions arranged in the
annul ar shape (ring-like shape) in the bal ance magnet 140e is 12 in the
exanpl e shown i Rifi g104istaepambeariewshosvisaglam autdumeeshape? odir anore. | n
this case, it is preferable that a | ength of one chord of the nagnet
portion i $rsulastebde aldfy aquadvdémeran oifit ea dicoveirari aafalonmechehipadvi ded to
be opposed to the nagnet portion. In reference to Fig. 3, a gap is provided

bet ween t hembpl anee(iragigt 1UOpoabdohbeicpalss Bk ohBbaed Eifibbandgé80c. A
magni t ude STC of the gap between the bal ance nagnet 140e and the coils 280,

180a, 180hemndriBAce bAddektedi bpdinagindbwtlimesneric force of the bal ance
magnet 140e can effect influence 27

Fig. 11 is an outline partial sectional view of the
movement of the conventional mechanical timepiece (in Fig. 11,
portions o_f parts are omitted). i

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 is 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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19 SEP 2002 on the coils 180, 180a, 180b and 180c when the coils1888EP 2007
180a) 180b and 180c are conducted. When the coils 180, 180a, 180b and 180c
. are not conducted, the magnetic force of the bal ance magnet 140e does not
effect influence on the coils 180, 180a, 180b and 180c. The bal ance magnet
140e is fixed to a face of the balance ring 140b on the side of the main

pl ate by adhering or the like in a state in which one face of the bal ance
magnet 140e is brought into contact with a ring-like rimportion of the

bal ance wheel 1 t : ereqf d to the face of the

mai n pl at eFﬁ?ﬁt ﬁgqﬁgﬁfoﬁqrgl%?%itﬁ%t ]1“3’53‘%%%?‘ 182 is provided to
connect one-term nal oi the.coil.%gp gnd a first_coil t rniq$I o% | C642. A
second | ead wir &M g8*PLapebiPRed i cBRindY Fhe®f erMRLH I thef0id  180c¢
and a second coi] terminal of 1C642, . Further, although in Fi 3, the

t hi ckness RACKaNEGRY LPEPAGCEABCCPT Bk s $henRYEPLECRI R AT ST BDal ance
with hairspring) is illustrated_to exaggerate, the thickness is, for
exanpl e, C@Xheridyawingsr asadedl@®Wsy to t he bal ance nagnet 140e, for
exanpl e, an outer dianeter thereof is about 9 mllineters) an inner

di amet er t her eof(li)s Teedt conatitphderref meehaniqrktingriange iof abeut 1

mllimeter and a magnetic flux density thereof is about 0.02 tesla. A turn
nunber of iemwdntofort he coils 180, 180a, 180b and 180c is, for exanple, 8
turns and the coil wire dianeter is about 25 28 ~ 9 ~~~ z0o0z m croneters.

The gap STC bet irenrdfrerdmaleaanue Pignel a#de Fargd 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. 2 winding stem 110 is integrated
rotatably to a winding stem guide hole 102a of the main plate
102, -

A diél (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 sqQuare 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
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the coils 180, 180a, 180b and 180c is, for exanple, about 0.4 mlli ”P@%EP‘ZD‘J?
(6) Constitution and operation of IC Next, an explanation wll be given o

. constitution and operation of |IC of the mechanical tinmepiece according to
the invention. In reference to Fig. 5 a crystal oscillator 210 constitutes
an oscillation source of a circuit for counting tinme. 1C642 includes a
dividing circuit 214, a corrected pulse conparing circuit 216, a waveform
correcting circuit 332, an el ectronagnetic brake operating circuit 340 and
arectifyin ey 3 i yidi et 2 ' outp si gna
out putted %@d gts?colccllll)l gt’i ﬁlISh? -&%%E?Jyét%f rﬂ%s??i #Jaat %rt %O%rmd)%&?&gs%nt ﬁ% gllt’%nal and
outputs a sjgnal with respect to tine. The waveform correcting cijfcuit 332
corrects aci/ﬁ?fg? o"\}llidfﬁ%'f %F%&%ac‘ieedt%ir%h%lc Y%{ut?gd&}? IRt e def}é%ti ng
unit. The corrected pul se conparing circuit 216 caompares .a divided signal
out put t ed B9YTH tﬁ’uel%iiQFBYhéeéi AELPE S04 EOTtIOBedet GHAP SRt t ed
fromthe waveformcorrecting circuit 332. The el ectromagnetic brake

oper at i ng REPNALBLP &h tHelec §iff ShesmoveneRrt-180b and 180c in
response to an operational timng signal outputted fromthe waveform 29 1
9 S~~ 2~~? corr s mgvenert G4 B33 nreaseiHiesh wa th @ falltel pppardtes dmn he
corrected pul se conparing circuit 216. By conducting the coils 180, 180a,
180b and XBOrnindu iav posutient of stheneiading bytem chbhge itheragrietl ¢ f | ux
of the bal ance magnet 140e. By the inductive current, force for restraining
rot at i onallimevéieattdbnt h&hbadwiroeh wpphrhgiussprd hgddsl@ satojmg dteankron t he
bal ance with hairspring 140. Further, by the operation, the swing angle of
t he bal anas2yi ehybkerkdpt, rgybke spnibe Y36 weedabyetking i kwydar ghumgear ce to

t he balance with hairspring 140 for restraining rotation of the bal ance

wi t h hai r rd .nBA=E3 obheotatioh dhghe settindd2vex PBDYI triesl ploaitieat | fyi ng
the i nductive current generated by changing the magnetic flux of the

bal ance naEgneheléd®eat tovaFiaaiie dfineoditbett hign tdfe thei wind By sitfda.11080b and
180c. An electricity storing nmenber, that is, a condenser 352 constitutes a
power sourigedbeermpaedt i Ead<H4R. réuat Loh dRahef iyoleby34 hay poetitivnng
circuit 342 is conducted to the condenser 352 and el ectric energy generated
by the inductheerétatethal saxsiorand diteetiondepsetie It AL abledilngst 0 t he
invention, the electricity storing nmenber nay be a chargeabl e secondary
battery orddtymified.chBigeade raaddinseof EHet bett ing AQuviling3Q the
invention, the rectifying circuit 342 may be built in 1C642 as illustrated
gg rrml/ ge g@k@stzllﬁtluéﬁﬁ et ddradd fd otwd God2ibyonsi Y 8ReexbehBabnghenment .

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 (0O-stage) most
proximate to the inner side of the movement 640 along the
rotational axis line, the winding pinion 112 is constituted
to rotate 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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When an external elenent is used, it is preferable that the rectifyﬁf?gng 200
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 couple diode and forward direction voltage is low, which is optinmm
for rectifying | ow voltage. According to the invention, it is preferable to
fabricate 1C642 by using "SO technology”. The "SO technol ogy" refers to
"silicon on insulator” . Wen the "SO technol ogy" is used, electrostatic
capaci tance of r i rﬁ_d&{pj tiopak t hereof can
be accel erated g%% @gﬁreg‘%?{:c%%s%u%ti on cg%%cewﬁalgu%:e@.gkﬁgggﬂa Pgll?(r?"i cated
by using t "SO  technol ogy" can be.obtained fro exanpl e, Komat su
eIectroniETﬁﬁ?ﬁraﬁﬁggrc%%ﬁ%%?%gévlﬁaHSrSFh"%fWE;FE%(£€6 5% BPPSA and
operation of rate g’gecti ng yni t, Next ag expl.anatjon wll, ehgi ven of
constit ut PERTERd IR BREBAPEADENES Made gl 3R (§IRF IR Mmaderd ¥hBAfi cal

ti mepi ece according to the invention. Next, in reference to Fig. 1, Fig. 2,
Fig. 3 angPFipy PRIIPWIGHCE SHERIASDEON s BYTAtat ifg Fhe Tatichal Vhged22 as a
power source. It is constituted that by rotation of the train wheel 224, a
m nut e hahil6 2xdeding phapsingiirucens bhenbed foupe Isapablzgo §ibsing woun@our

The mnute hand 226 is fixed to the center wheel & pinion 124. The center
wheel & pampion 124 is 31 19 Sr;' 2~0? constituted to nake one rotation
in one hour . By rotation of the train wheel 224, the escape wheel & pinion
130 i s rotat ed.A Henteal Wheefl ok pididrcdddr bs scong @itiuredfto hotesedpe wheel &
pi ni on 130 based on operation of the balance with hairspring 140. A pallet
fork det ecdtagiqm exdedhec bareced| eomplef86126. f ix&thitrd wheefli &gpitbsrk pi n
102d of the main plate 102. Therefore, the pallet fork rod portion 142d is
const i t ut E2zl6 tix hwritdugitied nborovatadbased lort ke tpzlhibat of otke deéretcds Ng

pi ezoel ectric elenment 336. At an instance at which the pallet fork rod
portion l4éRéee]l & Pinightlddt & cenrabtwheéh & penpenh |18 fierdormiet £nilt ety

pi ezoel ectric el enment 336, the pallet fork detecting piezoelectric el enent
336 genergs esondild ageed eherotaridn of thie.chikd wheepak! ginieon kixet ecting
pi ezoel ectric elenment 336 constitutes the rate detecting unit 330 for

det ecti ngard d¥apid Qe ORLHANION IBAt £sObohbeithited whedtatairddwda it is
constituted that when the pallet fork rod portion 142d is brought into

contact vbid hréberpehl| 6f thekrdarent WRgepi ezpeheohr iosel emad wd6el
detected signal is inputted to |1 C642. The balance with hairspring 140 is

osci | | at esbigdl sk dlartr, and aeneedi vigbel & RAniadhe1det eehé Nghikd twhad out put s
the detected signal at 3 Hertz. The waveformcorrecting circuit 332 is

constit utedhirdidpue andeireet €dugtdnaheoUt PUH1elor rom tduhgal diade fork 32
19 ~~ ~n~~ ,,! detecting piezoelectric elenment 336. In reference to Fig.

3, the cofr&et etk Sehdinparing circuit 216 is constituted to conpare a
period of (1/3) second neasured by the escapenment & speed control apparatus
(refer (2) Constitution of escapement & speed control
apparatus
The movement 640 is integrated with an escapement &
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 & dpinion 130 rotating based on rotation of the front

train wheel and a pallet fork 142 for controlling rotation of
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"to( 1) of Fig. 6 ) and a period of ( 1 /3 ) second neasured by 11¢C6#A29q19
(refer to (2) of Fig. 6) . The rate detecting unit 330 outputs to I'C642,"
. the detected signal of the period of (1/3 ) second neasured by the
escapenent & speed control apparatus including the escape wheel & pinion
130, the pallet -fork 142 and the bal ance with hairspring 140 by bringi ng
the pallet fork rod portion 142d into contact wwth the pallet fork
detecting piezoelectric elenent 336. That is, the rate detecting unit 330

oi ex06l cctii SaFaReioRl & R 430 PARCA R ebRER PPty B, tBF SRR Dover

generation cqQntraol unit Next, an explanation will be given of constitution
and oper aMidh? FRIFRPHR%RAEY -power generation control unit of the

mechani cal tinepiece according to the invention. Further, in reference to
Fig. 1, Fig. 2, Thegbasigngpergtionat ner PGBt RCEi FreiiescaRe vdhesdndt it ut ed
to divide an output signal_ of 32768 Hertz outputted by oscillating the
crystal ogdinioz 302 thendl bat ferkal 42 @ingethe hgdanasawi By haigsprdadof 33
~~ ~~nr~r/7 VLI LJ..C (1/3) second to the corrected pul se conparing
circuit 2180 Tise sdorilest ¢ lade oforkler mayedientuiof Xhe iconyemdtionatled to
conpare the detected signal having the period of (1/3) second neasured by
t he escapemehiand cspjecdrepiecel. apparatus (refer to (1) of Fig. 6) and the
di vi ded signal having the period of (1/3) second outputted by the dividing
circuit 214 in rgbcdeférehee twFig) of the pad)letnforhuld? ardilfifdeseaae

t herebetween (refer to (3) of Fig. 6). The difference is a tine period to
be correctied byf k&b ticwg 1t 12 & previi Aetint becdwpulsld offi beinebeoaththe
invention. Further, the electronagnetic brake operating circuit 340

conduct s tihe oCeicntat@Owit®Ozhel88kapedwh8ed kapedion tLBe,sagnaltdetputted
fromthe corrected pulse conparing circuit 216. By conducting the coils

180, 180afihgek sewel80Rb phevhatannebel ¢dpdlsl ¢ diFr bednd Hrdughexented Wi th
brake force for
contact with the escape wheel & pinion 130, a pallet fork sword
tip portion 142c provided such that a swing jewel (not
illustrated) of the balance with hairspring enters aqd 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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restraining rotation of the balance with hairspring 140 to therebyqmneducey
the swing angle of the balance with hairspring 140. Therefore) in the
. bal ance power generation control unit, the corrected pul se conparing
circuit 216, the el ectromagnetic brake operating circuit 340, the bal ance
magnet 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 unit is constituted, for exanple, to

Egir ?2 :olr ?/ n 3%%2%31 b%égg réi gyg{lgntgﬁ? Ezfr ﬁ??“ﬁ%@?gr‘ﬂ% s?staét% eeg{e %@%tg%ae % i cal

timepi ece can be adjusted to correspond to the difference shown by ( 3 ) of
Fig . | eapgThépﬁ%ﬁe% n er¥hd¥ t VY SI%ndgé?g.57?gmh§ﬁr88ﬁf§8t of the
pallet fork is detected by bringing the pallet fork rod portion 142d into
contact wi(ERuRRETrBAPFEVWiEEr Rig8EEEPRhg pi ezoel ectric el ement 336) the

wavef orm correcting circuit 332 inputs the detected signal outputted from
the pall et forkWhenddig Agppcszbelovetni @ i rf Be espapemends wheel
correcting circuit 332 inputs the detected signal counted by the pallet
fork deteétpagienghdl leaves ntharinletsfdpaen iewadvafdam she eacppes a
corrected signal as shown by (5) of Fig. 8 The dividing circuit 214

out put s t Whedil vk geichisirgadl0 astabesridly @RP dherescame mhadle &cpinkohed pul se
conparing circuit 216. Next, the corrected pul se conparing circuit 216
conpares the driopst. sighah lhae repddpe peread 8f piblidh skbnfinispest ed from
the waveform correcting circuit 332 (refer to ( 1) of Fig . 6 ) and the

di vi ded sidgepbihayi sghthetperhodfofthe kscape séreld soytimitdredl30 obst he
dividing circuit 214 (refer to (2) of Fig . 6 ) and counts the difference

(refer tobtodghtointbgconbag¢t.wikhiea SHyop npatéiof tine cughet Hingéy of Fig.
8 by the corrected pulse conparing circuit 216, a timng of bringing the

pal | et fofkweDdlppbt tONtHdPeby Néonspites avi firsthesgealioeiardb staked SEi
2~~2 fork detecting piezoelectric elenent 336 is knowmn and accordingly, a

timng of stoppyiénttiee PRt Sraidiohbzy sthteWis dWer ehnd eché remsaich a
timng of stopping the pallet fork 142, rotational direction of rotating

the bal an?éw&i?fb@@éé Sttid eh 1AL S kA sbioriang ipf pbhei 68N £2¢ Pfby Nehe
rotational oscillation of the balance with hairspring 140 can be detected.

The corregbede POt Stné PRI GHEICH biRlbndeBer NthespatEéhefother At e of
the tinmepiece gains or whether the rate of the tinepiece | ogses by conparing
the periodopfitéd/ 3)t15&€COoNflving 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 r6tated in the right direction (clockwise direction)

and the swing jewel is rotated also in the right direction
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nmeasured by the escapenent & speed control apparatus and the peri od T8¢ SEP 2007
(1/3) second neasured by 1C642. The hairspring 140c is el ongated and
contracted in the radius direction of the hairspring 140c in accordance
with rotational angle of rotating the balance with hairspring 140. For
exanple, in a state shown by Fig. 2, when the balance with hairspring 140
is rotated in the clockwi se direction, the hairspring 140c is contracted in
the direction toward center of the balance with hairspring 140 ) in
contrast th rei(g’,. when t he .ballance with hairspring 140 is rotated in the
count er ¢l JERRCERIFE SEEESTFOPRe hai rspring 140c is expanded in the
direction renote fromthe center of, the balapce,with hairspring 140. Here,
as descri bed abg'@?@,n'tHBeb%‘f”aE?ﬁ:e’eﬂfﬁ&er"sgBﬁBPﬁgFohnE%rﬁ‘?rbfra‘aﬁi‘fl%B(Yl%k?f t he
mechani cal tinmepiece according to the invention is constituted to change
the perio®adfiethfozk sward tip portion, h#4¢ afithithesppligti BArkri4hdspal ance
wi th hairspring by controlling the rotation of the balance with hairspring
140 by applyened ke theryestt arfon Tieoundencdiockwisee digestiion)of t he
bal ance with hairspring 140 may be carried out at a tinme point apart from
t he cent efheh,t hberpadl ebnfdrioddd list madeotot $ikom Arghoredase loa thpri ng 140
at a certain tine period over a constant tinme interval or may be carried
out over aidensf attie touvdepefingder mEwal 1¢ 2bhand evperratiforn semidizat tonal
oscillation of the balance with hairspring 140. That is, the bal ance power
gener at i 0Gh&@NHE ot helinhit B&D fahgedre jewebabdhl i¢ irensanal agcehdi 8§deo t he
invention is constituted to brake the rotation of the balance with

hai rspringrl4fleatindeti fingepr j@wel 0O14PaStitute the center of the rotational
oscillation of the balance with hairspring 140 ( timng of t1 of ( 5 ) of

Fig . 8 ) when tBe cahetotutien net heramlwhealepi ece gains. Further, the
bal ance power generation control unit 350 of the nechanical tinmepiece

accordi ng to threfayenhyPadksts Hgt.i 1 HieGedoonrdtatlibn 6Dittd 6andért he
bal ance with hairspring 140 at a tim ng which has passed through the
wheel & pinion 124, a cannon pinion (not illustrated) is
simultaneously rotated. A minute hand (not illustrated)
attached t;_o 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 atta;hed 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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" center of the rotational oscillation of the balance with hairspring 140SFp 7207
(timng of t2 of (5) of Fig. 8 when the rate of the nechanical tinepiece

. loses. That is) the timng of conducting the coils 180, 180a, 180b and 180c
by operating the el ectromagneti c brake operating 37 19 SEi' ?~~? circuit
340, is determned in response to a signal outputted fromthe waveform
correcting circuit 332. Further, a duration tine period of conducting the
coils 180, 180a, 180b and 180c by operating the el ectromagnetic brake
operating circuit 340, .is deter sed Qn_a_si romthe
correct ed¥| Bﬁﬁgébégﬂr?}?ﬁ;"ﬁlpcﬁ%gﬁl% ! ﬁetESﬁggi’r}?%?fW‘i qﬁ%t ation of
the bal ance with_hairspri 140 can be ontrollef curately and the rate
of the ne@h&npéﬂe’f-l%ﬁéc& éénsHEpQHf-ﬁét EQtakah ¥1 JFRADEIY PG o t he
mechani cal tinepiece of the invention, when the rate of the nechanica

ti mepi ecel@ai apd at pehdeti Bragdpri®f.to constitute the center of the
rotational oscillation of the balance with hairspring 140 (timng of t1 of
(5) of Fig. 8) f(41heopstitutiBon afCzalamsuy with Isvrspwindnduct er and the
magnetic flux of the bal ance magnet 140e effects influence on the coils
180, 180a, 180bImndeiBPencésta Fégul £, aride Riar.i oil ofthe heatanaei whth
oscillation of the balance with hairspring 140 is reduced by operation of

t he bal anneisrapgnéhglife nndsudgpommEd soi@abl3d0dy tBebmand pBAce FORt her,
according to the nmechanical tinmepiece of the invention, when the rate of

t he mechagh@ah bal®predsridges.66at thatt i, ngnwappbrhnsrpaseecdft theugh t he
center of the rotational oscillation of the balance with hairspring 140
(tinmng obaladnéé £6emofadd dis Guppdritedceioltatrddly £§0a, baﬁahcandpﬁﬁﬁc are
conducted and the magnetic flux of the bal ance magnet 38 1 S~~ ~?02

140e effeséérmil UEB5 Ef PRed NEo COME Shd Béncd 8981 ad80bs @nd éﬁ@%afén@eresul t,
the period of the rotational oscillation of the balance with hairspring 140

i ncreasesy eians"é@&ix? Wed hachabaece wamdete ifprandlhgenel! snd8P, 180a,
180b and 180c. According to the nmechanical tinmepiece of the invention

consti t ut gy dfcé higperaapt Newder | PHe Haldied abpbkricie Getidll ahliothef the
bal ance with hairspring 140 can efficiently be controlled. Wth regard to a

val ue of bhineé wpHeisSthp %ewaq S madetd £ tahemﬁpaﬂw}na%ﬁbhaéwp of the
bal ance with hairspring 140 based on a result of determ nation of the

correct ed; pul 88, CORMPR’ bEGahke Gl th HEB rddishRy 1BY PA-PLA¥EONBI fAlLul at ed
by experinent, ‘a relationship between the rate of the mechanical tinepiece

and the chagge;ifa ! he PLIARh Qinddie rantdral HasHishhatizon 48k .t he bal ance
with hairspring 140 by the inductive current generated by the change in the

magnetic flux of 4R DalHNGRdRINChe1808aRYeCOPAHCIINY {h8gRd: B0, 1804,
180b and 180c and stored to the corrected pul se conparing circuit 216. As
has been gxph@dwpy 1MPQY balihdéS1BUetNBehPYARL 168D £f%ed 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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rate of the mechanical tinmepiece can be adjusted with high accuracy SEP 2201
Further, according to the nmechanical tinepiece of the invention, the coils
180, 180a, 180b and 180c are conducted, for exanple, in the constant tine
interval including the 39 19 S—~' 2~~2 center of the rotational
oscillation of the balance 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 by the rotational oscillation of the balance with

hai rspri NG clalnetSed d 88Ul subdisicd 666! +¥€aabT P Tidet 98T HELRT dntel N

coils 180, 180b an . The generated i'nductive current 1s
rectified,b e ct it yi i I -qg%g . d 0 legthricity
fori ng nERBSPETRES " Th¥ PELENCE Hei ey B 4 matkPBF lad BIERSSTEETLY, 353
constitutes t.he ﬁomer sourCf<%g ope athg IC@&Z. Th ﬂCOBFt nt tirﬁi peri od
i ncl udi ngSPREVEEAVE MBFCT 1R (Ut BETBAaFUOR AT PAASSn of % - UShFRRES Vi t h
hairspring 140 . n capn be_set,, ;or exappl e, between a tine interval in
cor r espond€Reeifitede GhRge e eprASaiid FPMINC BV Y MFASII 4 IREN™EERAt i on i n
the right direction constitutes plus and rotation in the left direction
const it ut E9Chi ABsITOR -t he swing angle fromthe center of the oscillation of
the balance with hairspring and a tine_interval in correspondence with a
range of plus aBEemaiEsEpNg ddised soplepgataR Rpdsgntmached A8 EBAt er of
the oscillation of the balance mﬁth.hairspring. According _to the nechanica
ti mepi ecerafiinhedineehippnoéohbei halsdrranghi40gayn apcendareaswahl time
interval including the center of the rotational oscillation of the balance
wi th hai r sptahgondd, andie pdérrodaving the baianoaawi s balirsprdngoi4 0 he
bal ance with hairspring 140 can efficiently 40

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 1l40c is made of an elastic material

having spring performance such as "elinvar". That is, 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.~~| be controlled by adjusting a power generation amount of tHd SEP 230l
i nductive current generated at the coils 180) 180a, 180b and 180c. (9)
. Constitution of circuit of mechanical tinepiece of the invention Further,
according to the nechanical tinepiece of the invention, circuits for
carrying out various functions may be constituted in IC or 1C may be PLA-1C
i ncludi ng prograns for carrying out various operations. Further, according
to the mechanical tinepiece of the invention, there can be used external
el ements such.as resistor ns oll, .si.od t LS n he |ike
along wit ﬁoﬁetilpgn%cree uglrayt,ocr?ﬂ%g') %‘élrﬁotgqaélllrfeﬁg eﬁe%’,e %ﬁ%é(%l‘géna%n r%tl"vm Il be
gi ven of one enbodi pent of t mechanical tinepie of the invention. For
exanpl e, & cotr%tﬁ nﬁaf"és]f”ﬁ%n?regﬁgﬁi A ?L'?ﬁ%’ﬁ‘f"e%%gof %?‘ﬁe ‘??‘Rﬂe‘?ﬁ i Bﬁ, tk’&i nspring
torque of the mainspring is set to 60g. cm The pechanjcal tinepiece is
fabri cat e§osathoPRat OSel EhatHoR IRE e BBLARGSt Bt Hudd T SRENT A dpdfer
generation. According to the nechanical tinmepiece of _the invention, a
reduct i ondeservinpdgend themude bafr dthe oRpropBicaht t¥veRiedre #&i nspring
to the escape wheel & pinion is 1/5040. According to the nechani cal
ti mepi ecedefermgnegdventi on, synthesized efficiency of the train wheel and
the escapenent is 30 % According to the nmechanical tinepiece of the 41 1
9 Sir ~~~? invehd) dnnsthicutadirue fr balanhe madnet ershecledhtt halbdatance with
hairspring is 0.42 cm the wdth of the bal ance nmagnet is 0.04 cmand the
di st ance wétheraitbprbagami@ ceiphetpaodiddd aoihsin pldor exanple, 0.04 cm
According to the nechanical tinmepiece of the invention, the torque of the
bal ance wheel isnasfeddrmesto 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 140e 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 coil multiplied by an integer, the interval may not be

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

Further, according to such structure of providing the
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" T=(5/5040) x0. 3=2. 98x10- [gf cn] The force of the outer ring portion %o SER&Y
bal ance wheel is as follows. F=T/r = (2 . 98x10- 4) /0.42 ~ [gf~cm m

. =7.09x10- (gf] _ ( 7 . 09%x10" ) x ( 9 . 8x10-3 ) [N =6.95x10-6 [N The

di stance of noving the bal ance magnet by transmtting the torque to the

bal ance magnet in one second is as follows when the rotational angle of the
bal ance with hairspring fromstart of inpact to the first stop is set to 40
degrees. 2~ rx(40/ 360)x6 1. 76x10-2 [r’rj The energy CE generated in the coil

fe0 rrl 3 -
1319 °=o et Sﬁieﬁ i 8%, 57 s vadeRy ARBHAY e g otR2 &aiﬁz 2 uni

€ po necéssa rivin

42 19 ~E,' C.in one n follows in ICinclu ngthe
i vi ding GRILSAHEN PROVEBS i} T EEH B h RhASOCREaRIS GEpereteded

06 [NNAx1. 5 [V]=0. 09 [~ W Therefore t he power, necessary for dr|V| ng
the quart 2tubie ZRRPICEiVe &r?élgseéynaleetbome@nfeq igduckinn axe BPtDE
generated in the coil in one second is 0.12 [p,W and accordingly, it has
been conf canedlefabn lracdnbothernt @l ter@makddediic Mining pamerd atbsr ding t o
the invention is operated firmy. According to the enbodi nent of the
mechani cakespaepiveecoils may eewtref) in pawpllgpl duaduithatscuvrensed.
Further, according to the enbodi nent of the nmechanical tinepiece of the

i nvent i ongenkeatefie aect theer respeohsvet ucetllby- byi nglecSchwaghgtbarri er
diode, 0.2 [V] is needed for the rectifier and 1.5 [V] is needed for IC
Ther ef or ein@ugdtjonsaneedetl ¢amcéhed noxi earh vothiemge generated in the coil.
An exanple of using the coil satisfying such conditions is as foll ows.

Resi dual magnetis tkfixrdasei ty BriglO 4 Ki th&abaihnBadimagyneft mguetifR=1 [ mij
Length of magnet L=0.5 [nm D stance between magnet and coil X=0.5 [nm
Density oprsapded with 5rh@d6hn%ernrdilafebﬁapefueﬂid 1%&1:&5@1) anaer

di aneter of coil Dcl=0.5 [mm Thickness of coil tc=0.5 [mm 43
along its circumferential direction, for example, there are
alternately provided magnet portions comprising 12 pieces o’f
S poles 140sl through 140sl12 and 12 pieces of N poles 140n1
through 140nl2 which are polarized in the up a_nd down
direction. Although the number of the magnet _portions
arranged in the annular shape (ring-like shape) in the balance
magnet 1l40e is 12 in the example shown in Fig. 4, the number
may be a plural number of 2 or more. In 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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] SE~ L~~L Conductor diameter of coil dcl=0.0135 [ Finish di aneten gofp )
coil dc2=0.0165 [mm According to the enbodi nent of the nechanical
. timepiece of the invention) four pieces of the coils having the

above-descri bed specification are prepared and wired in series. Further,
t he balance with hairspring is fabricated by iron. According to the
enbodi nent of the nmechanical tinepiece of the invention fabricated in this
way, voltage generated at the coil is about 2.36 [V]. - Therefore,
according to_.the od} to, Qf inGal 1] | f e.gnvention,
it has be&f %%%ﬁoﬁgdggﬁg{ht(ﬁaé égﬁaﬁgé;?@g%ﬁw%éehgﬁ% gégl%]t%dc}utlat@?i‘ng a
step-up cireuit. [ ustri al | Lcability] The mechanical tinepiece of the
i nvent i onligggsaf’{iahpgcf Br et 58@5@5{:?%9 a nmechani cal tinepiece having high
accuracy. According tqQ the nechanical _tinmepiece of the invention, the rate
can accurat el y WBeBdjtha eGobyScotittol 1BAG t nESWRr E3d 01 89Fe %% aPPEnal
oscillation of the balance wi.th hairspring by using the bal ance nmagnet. 44
1 9 Sir ~eomdurheth (the magnetisefaray of haplaare tnagnstedd 0endeast eri zed
in a mechanical tinepiece having a novenent constituted to include a
mai nspri ngotoaffectut imileepoaern dhe ewidis 1188 . md6Rani ¢&Pbt andpi&Ge, a front
train wheel rotated by a rotational force in rew nding the mainspring and
an escapemeatbafl apeetagoetr bd Oapiatfaked tora fererof |theygbadaatieoning t he
front train wheel, said escapenent & speed control apparatus including a
bal ance wiL&bbha e sideadf erlmatrelin pépéet bygadheping atrathenlakd ieft
rotation, an escape wheel & pinion rotated based on rotation of the front
trai n wheelstatk anpdiici oher kad@wfcone allameg nagpet A if isher @sglpe wheel
& pinion based on an operation of the balance with hairspring and said
bal ance Wihto ntsut wethne tisigrq ikehpim poritign af ktHeabatantenwivedh a
bal ance wheel, said nechanical timnepiece conprising: a crystal oscillator
(210) consaoh WridgthBrOSsdé ItHdr@Dd LS 8 rsisPoddd tobdRe)fdde bidtRE ma 1 Vi di ng
unit (214 ) for outputting a signal with respect to tinme by inputting an
out put signate OLGP U1 ethdYratd Ididdd ng the crystal oscillator (210) and
dividing the output signal; an electricity storing nmenber (352) for
operating 1C (6d2)irsa Xad@wdeberdd ng pruvideBed ddtingta! sabividmaidat e of the
mechani cal tinepiece; and 45

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 diameter 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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1 9 SCE' 2C02 a bal ance power generation control unit (350) constitUtef 0]
control a period of rotational oscillation of the balance with 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 bal ance
with hairspring (140) and wherein the rate detecting unit (330) includes a
pall et fork detecting piezoelectric elenent (336) provided at a bank pin

(102d) for_ .detecting op t] I f.ar 4 I fork
det ecting “Eicd:r?é'}etce At i ﬁégtﬁ#? S?Fgr ngﬁgﬁntgjiea b%él%ln%ge @é?ﬁege %@?iér{gé si gnal
outputted fromthe l et for tecti i.ezoel ectric el engnt 36). 2.
The nechar?ihd?aFotlEﬁeg%:cel%(iac'oﬁ&?’ gaf‘é @%‘Frﬁsl %8ﬁa?’é%’f‘8%zre]%b?‘ﬁé fthaé t he
bal ance power generation control unit (350) includes a bal ance nagnet
(140e) pr ildeded€Li-he bal ance with hairspring (140) and coils (180, 180a,
180b, 180c ) arranged to be .capable of exerting nagnetic force to the

bal ance nagnet ((BA0€pnsiAsnsinnt padceppsatien, 04888, 180b, 180c) are
constituted to be capable of controlling the period of the rotatignal
oscillation of Nexthahaneeldnatien msgrli bg given of constitwf idre amdgnet i c
force to the bal ance magnet (140e) based on the divided signal divided by

t he di vi diopgratiion( 02124C)ofarxhe hecbpaigtilohihepiate atgpradinqdicc&hieng t he
rate detected 46 ~ g SE~ zo~2 by the rate detecting unit (330). 3. The
mechani calinviefepioace according to Claim1l or Claim?2, characterized in that
t he bal ance power generation control unit t350) is constituted such that
current generat gd hyefdwerned atbormig 0s6i, | lat cogsohlt hesdidl atoer wtlh
hairspring t140) is rectified by a rectifying circuit and is stored to an
el ectri ci kbynstatungsneibesc{Bba}ioH. sdincerehanicdalcutiitngépireceuaegngdi ng to
any one of Caiml through Caim3, characterized in that the bal ance power

gener at i ogigent nels4enidclidadh dividires civtadtdioh ahwirddvrddpalsen of the
bal ance with hairspring (140) is braked at a timng prior to constituting a

center of cobhpatrehgttofehiosrid,/| at watedbrinheoipéatirey Wildtuia Bspr i ag (140)
when the rate of the nechanical tinmepiece gains and is constituted to brake

the rotat ie0@cekohBgnbakaneeaké dbdiaitisy cigc(14034@fdrR apaset DyiAgough the
center of the rotational oscillation of the balance with hairspring (140)

when the rateu9t the.nechanical tinmepiece |loses. 5. (Deleted) 5. The
mechani cal tinmepiece according to Caim3, characterized inm that the

rectifying circeght igiwisidt eieduby UBiNgiapSeBOtdky ddpuiter sgdgnse. 7.
(Amended) The nechanical tinepiece according to any one of Claim1 through
A ai m 4 agdechatfbhy i adtaizedheNcrystal 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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that the 1Cis constituted by using an SO technol ogy. 47 1 9 SEA 299-&p 200
8. (Anended) The nechanical tinmepiece according to Caim 2, characterlze
. in that the bal ance 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 wth hairspring (140) by conducting
the coils (180, 180a, 180b, 180c) in a constant tine interval including the
center of the rotational oscillation of the balance with hairspring (140).

OO i e A §8f\6 {%“A%g S04y Pudpctea oluCied™ A
i] C?L{J]nga]c}gjrc?ﬂc&?? a]“c]g%ca%/%‘gﬁ A2 4] claﬁ 3%atty) ca]agafga’]j(?g]t&&]gca:]h(‘?a] ca] ca]

ca) ca]ca]cTa ca
€ }3{ u] <o% FBF \?C%é%) ]B]O@a]QéQPPaﬁrtda]l@cha]’@lﬂ@a‘]%&ﬂff&?&a]%g]e@%r@é]e@a] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj caé %cal } " XJ90ab% hi q{ﬁ’\; b] X]]ca]c
a] ca] ca] c&¥ca) ebRrReaE cH} d%ﬁ]%ﬂl]’é‘a] A0 64) E G tapea|eagnel cd ca] ca] ca
] ca] cal] ca] ca] ca] ca] ca! q"#Y

—#B#D#Qﬁi@m@’ldl(q%ﬂ(\)@ FHrrent+h+H{exgbEXE] cegstgai)ing captaréaped] cal cal c
a] ca] ca] ca] ca] ca] ca] ca] c&al] ca] ca] caLca] ca] ca] ca] ca] cal] ca] ca] caj,ca] ca!l h+++
, G Q , ->- movemep033B4he balance with hairspring 140 is operated on the
556769g6h6777" 7#7Mr'7} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ballenfeavith cad tegred ne [ 1d4)]-c aFent e c Ay dfhen ope3p838839he
o <>>>" @@BBCCCCCADbDe DpDDDE} xsni d_Z] ] ] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] calc

a] ca] ca] cawiapcahahé cd] chkpchitahceavwdd]lc Apdapptahgal 46wl be] eefluakd: EFFFG=G
vGG) HhHHHHI %8 21 pl 1 1 JGIJJIK?K{ KKKi LLLM?M xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca

EM(\:/I%I%\IKI 6[\1|] cabgadxea tialg drakchbrad aa| thi da leajamaivd ahded Drded wp 149] £6f ca] ca! ?M

O OOOPKPTPRE¥ RYRRRRRESE S6568 Ted KiHd Thadarsee dvid}y |1 it allam] ca] cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calb
U@Jz UUUVE VWQNNNM Xkeoed tadt@ e ewdRZ 342718 bir&vvideai o] +éeelepiha] cal cal c
a)J ca] ca] ca] ca] ca] ca] ca] ca] c&a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca! éh¥\indudivd tutRent §énerated by changing the magnetic flux

| S 56 q x " (acaaaPbFc}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]lca]lca]calc

a] ca] ca] caf ceje A2l napnéa] téjedlrcal sa&ta]@ﬁ]m]d@:@]tm]gcahéaéﬁmcc
dGdsddzf f f f gPgggg: hxhhh iii Qi

jKiGgjjk}xsojdighd] capon] &ndicedea] ca] ca] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c(a]ca]cal k~II1)m mm

nKnQn_nnnn* oeo{ £ @ARSHIGRAAS EebE1agSeaibesni dhél] ] sal-cabaakaabeajea] cal calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcals

sstt 8w ydyhyt yayyyy 9aviomell | dduddd } §o7 ~&beraupkiatibeal calealcaleal ca] cal
ca] ca]ca]ca] ca]ca]ca] ca]ca]ca]lca]calcalcaljca W]c aUc

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.

Acco—rding to the invention, the electricity storing

member may be a chargeable secondary 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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" a]ca]ca] ca]ca]ca] ca] ca] ca] cal {~~~~~~ &R/ Q Z#b} xsmhc”Y] ] ca] ca] ca] caU]'p@]Sq:a%ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calca

. Jeal) A @)agit&]iG

gl w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca]
cal calca]ca] ca]ca]ca] ca]ca]ca]ca]cal) ~""rozZY
F} xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] calcalca]ca!'e”3 |.k

T} xsnid 211] salgaloglcal cal of sloalealonlopleg) ol 13l galeal gal sl ool cal

aJca]ca]ca]calc

o S s gl Leslcel sl el loataa sl el o o

RnF} xsnid_Z]]]calca]calcalca]ca]ca]c ca ca) ca] cal]ca] ca ca caJca]ca]cal]calc
a] c}a] caj cg]ali-']é]l@é]] éalpéa] &%%%] c?d"@a%%% v lt| Q]BEV%W%H%E ]Q%{-'} &ad ca} ca} c
a] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] cal ca] ca alJ ca] ca] ca] ca]
ca] ca] ca] ecaBeheghkyIPRDESY | iy faaten| S al EH] @9‘]@ @ ca] ca] ca
] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]caJca]cal’ 7n.j6<v\, kqv
}xsni d_Z] floeaped cdiredcidmajodtegkcalsalow] c kidlt afica] epf tmjrcajfoa] ca] ca] ¢
aJ calca]lcalca]calcalcalca]ca]calca!"(5s& 4Az2kqg/ | #a} xsnid_Z]]]ca]ca]lca]calc
a] ca] ca] cakealicaling| dajcapbiakgel ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc
aJca] ca] cal 4s=t' -7s1,;
x&eF| wr mhc"Y] | cakeakdahga) €a] cdjecalinaentfioa) calta] ta) ¢ajefdrad]len] €3] ca] ca] c
aV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! FLYOhqR*{ 5; =J
Kl wr mhe” Yiepealiealtea] tabs2] asy calstialgcal sal] ca¢chhondgat ca] cajhea] espga]l caj ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
8" AJRzzupkbkanbaahoa] eafeas ced caliQdlcen] eall ishtat 62l calwrdrc @heal gefcal cal ca
] ca] ca] ca] ca] ca] caV] ca] caU] ca] ca] ca] ca] cal s5q0bhuMZz" _} xsni d_Z] c] ca] ca] ca] ca
] ca] ca] cakeehesdhedleal Gal calsed calerdonldstidlcal cdpd edfidcal 68 cal cal caj c
a] ca] ca] ca] ca! Hgj ObhuMZz" _} xsni d _Z] c]ca]cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] eeelaﬁéhgebgal:a&aiéa}é‘al@@d caiogfeﬂ 2heabeg &bfi\ bk

@O0%&' ()-110%& ()-!-10%r& ()-!$9+10% $ $& () IL +10%ZZ& ()-nj 10%& ()-Ki, ad

EY (109%& (a):ce&é@a{@e(i) anglOU&rénte coé@&ﬁpﬂcﬁn'caﬁ%@ :ééd@cYé&‘V& () - aYdEYy

710%: ()- ST0% () - 3@ 10% () - 0@ 10% ()- & ()-
109 () - 46789: Gty 0Y0&Hri 2 SRBILBYRE (g thlaOWEéq (eeaﬁrﬂa 1QERsROY& () -
99, 10%& ()-H aVK@ 10T 10T 10TV=s1000& ()-( 100G& () - O1090& ()-!d

10%& ()-Zob%Q%E&ﬂ( f‘rgm, 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 is
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Q X dEVK@ 10 S109%& ()-3 MOYA& ()-F 1094& ()-t1090& ()-" &FmLO%A& (19 SEP 200

0t 1099& ()-F G dEVK@10 1099& ()- 3 109d& ()-3f 109d& ()-F 109d& ()-3

. 10907& ()-F 10907& ()- (D{udEVK@ 10 ~1f 1090& ()- -y 1094& ()- *f 1094& ()-)z
1090& ()-1 ' -1090& ()- YA09%F& ()-'<oqrstdYNC 1 10T 10T 10TY=s109F& ()-I

L9109%T& ()- 37 109F& ()-3,5S 10947& ()-33S 109%& ()-tvdEYNC 1 &@LO%E& () -

109%& ()- 109%& ()-9 109%& ()- M&10%& ()-0 10%& () - FB} "dEYNC 1F

& z10%& ()-3410%& ()-,y 10%& ()-9f 10%& ()- f 10%& (

e TR B )

the train wheel 224, the escape wheel & pinion 130 is rotated.
The pallet fork 142 controls rotation of the escape wheel &
pinion 130 based on operation of the balance with hairspring
140.

A pallet fork detecting piezoelectric element 336 is
fixed to the first bank pin 102d of the main plate 102.
Therefore, the pallet fork rod portion 1424 is constituted to
be brought 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
piezoelect;ric 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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to (1) of Fig. 6) and a period of (1/3) second measured by IC642

(refer to (2) of Fig. 6).

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 142d

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 balance power
generation control unit

Next, an explanation will be given of constitution and
operation of the balance 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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of (1/3) second measured by the escapement & speed control

apparatus (refer to (1) of Fig. 6) and the divided signal
having the period of (1/3) second outputted by the dividing
circuit 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 comparingﬁcircuit
216. By conducting the coils 180, 180a, 180b and 180c, the
balance with hairspring 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

140.

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

34



CED M
10-u'f 10%@& ()-% 10%@& ()-!y 10%@& ()-3 - 10%@& ()-S 10%@& () - 19 52 I
109@& () - LMPMMWNNNNNOE: /| 10@ 10@/=109%@& ()-L9f 109%@& ()-/f 10%@& () -
- 10%@& ()- 1 +10%@& ()-)y 10%@& ()- NNN O OOOPuV7/ 10@ 10%08 ()- 10%08 () -
10908 ()-3 109%0% ()-3 10%0% ()-!' mlO%00& ()- 10@KPTPPQ¥RIE7/ 10@
UGLOYOS () -, #z 10%0% ()- z 10908 ()-9 -10%0& ()- &F10%0& ()-
10%0% () - #RYRRRDS] SSIE7/ 10@ 3&310%0% ()- 1 109%0% ()-& g 109%0% ()- +g
10908 ()-)T 109%0& ()-Y ' 10%0% ()- SSS8T; T<T=T>TKTxnbC 10@' ml0% u& ()- 100
100 100 =10%% ()- 9@ 10%& ()-F7- 10%& ()-Y , 510%0& () - KTTTT5U@)z UdEnbC

10@F Qleker&tidndd@%eHé bhlaﬁeéfewﬁh)haiﬁ%ﬂfné)llm S10% u&' () -y
10% u& () -zZUUWVEWQMBNMDC 10@! " 10%u-u& ()- 10%u& ()- 3

-10% u&' () - Sloﬂg%détltk&@ 10 th iQ% | (DreQAVWY 3k ORMERBER LA G- L 31
10% u& ()-1S 10% u& 10% u& () -, 10% ué& ()-nFf 10% ué& () -

(, 10% ug&; Q%e&%%XOXAXZ%%Y@Qs@%Qed to correspond to the difference

shown by (3) of Flg 6.

That is, in reference to Fig. 5 and Fig. 7, when contact
of the pallet fork is detected by bringing the pallet fork rod
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 c:ounting
unit, shapes the waveform and outputs a corrected signal as
shown by (5) of Fig. 8. The dividing circuit 214 outﬁuts 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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There ore, from such a timing of stopping the pallet fork 142,

rotational directiodn of rotating the balance with hairspring
140 and a timing of the center of the rotational oscillation
of the balance with hairspring 140 can be detected.

The corrected pulse comparing circuit 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 center
of the balance with hairspring 140, in contrast thereto, when
the balance with hairspring 140 1is rotated in the
countercléﬁkwise 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 is constituted to change the period of the
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by applying the "Airy's theorem".

The control of the rotation of the balance with
hairspring 140 may be carried out at a time point apart from
the center of the rotational oscillation of the balance with
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 balani:e with
hairspring 140 at a timing prior to constitute the center of
the rotational oscillation of the balance with hairspring 140
(timing of tl1 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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by operating the electromagnetic brake operating circuit 340,

is determined based on a signal outputted from the corrected

pulse comparing circuit 216.

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 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 6f t£2 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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balance wi airspring 140 increases by operation of the

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

According to the mechanical timepiece of the invention
constituted in this way, the period of the rotational
oscillation 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 meghanical
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 coils 180, 180a, 180b and 180c are conducted,

for example, in the constant time interval including the
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180a, 180b and 180c, the magnetic flux of the balance magnet
140e is changed by the rotational oscillation of the balance
with hairspring 140. As a result, the inductive current is
generated in the coils 180, 180a, 180b and 180c. The generated
inductive current is rectified by the rectifying circuit 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 corresl?ondence
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
oscillatio;x of the balance with hairspring.

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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inductive current generated at the coils 180, 180a, 180b and

180c.

(9) Constitution of circuit of mechanical timepiece of
the invention

Further, according to the mechanical timepiece of the
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 S5g-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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@ ()- .04 cm an the distance between the balance magnet and the

coils is, for example, 0.04 cm.

According to the mechanical timepiece of the invention,
the torque of the balance wheel is as follows.

T=(5/5040)%0.3=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)

=7.09%x107¢* [gf]
=(7.09x107%)x(9.8%107%) [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.

21rX (40/360)x6=1.76x10"% [m]

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

AE =6.95x1072x1.76x107% [N-m/S]

=1.22x1077 [J/s]
"=0.12 [pwW]

Further, the power necessary for driving the quartz unit
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0.06[pAalx1.5[V]= 0.09[uwW]

Therefore, the power necessary for driving the quartz
unit and IC in one second is 0.09 [UW], the energy AE generated
in the coil in one second is 0.12 [uUW] 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 r_ectifier
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 [nﬁn]

Distance between magnet and coil X=0.5 [mm]

Density of magnet p=8.5 [cm®]

Outer diameter of coil Dc2=4 [mm]

Inhier diameter of coil Dcl=0.5 [mm]

Thickness of coil tec=0.5 [mm]
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9%.0% | & ()efs1gbe\ Zinyentgiapopgopy- gdeces of the coils having the
above-described specification are prepared and wired in
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 sﬁep—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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mechanical timepiece having 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,
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 xate detecting unit (330) for detecting a rate of the

mechanical timepiece; and
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a Dbalance power generation control unit (350)
constituted to control a period of rotational oscillation of
the balance with 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) and

wherein the rate detecting unit (330) includes a paliet
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).

2. The mechanical timepiece according to _Claim 1,
characterized in that the balance power generation control
unit (350) includes a balance magnet (1l40e) 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
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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
an electricity storing member (352).

4. The mechanical timepiece according to any one of
Claim 1 through Claim 3, characterized in that the balance
power generation control unit (350) is constituted such that
the rotation of the balance with hairspring (140) is braked
at a timing prior to constituting a center of the rotational
oscillation of the balance with hairspring (140) when the rate
of the mechanical timepiece gains and is constitute@jto 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. (Deleted)

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

7. (Amended) The mechanical timepiece according to any

one of Claim 1 through Claim 4 and Claim 6, characterized in

that the IC is constituted by using an SOI technology.
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control unit (35D) 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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